Postoperative Pain Management of
Orthopaedic Surgeries

Lead Guest Editor: Sidong Yang
Guest Editors: Pengcheng Wang, Dingjun Hao, Xiaolong Chen, and

Felicity Han

\ \chv“v »V‘\w‘vr' = @Y N—<
NSQY, sl

E 44')’4‘,-!("}\
§.\

> %
y
AV y/ ‘




Postoperative Pain Management of
Orthopaedic Surgeries



Pain Research and Management

Postoperative Pain Management of
Orthopaedic Surgeries

Lead Guest Editor: Sidong Yang
Guest Editors: Pengcheng Wang, Dingjun Hao,
Xiaolong Chen, and Felicity Han



Copyright © 2022 Hindawi Limited. All rights reserved.

This is a special issue published in “Pain Research and Management.” All articles are open access articles distributed under the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original
work is properly cited.



Chief Editor

Massimiliano Valeriani (), Italy

Academic Editors

Anna Maria Aloisi (), Italy

Ratan Banik (%), USA

Filippo Brighina ("), Italy

Marco Carotenuto, Italy

Federica Galli(®), Italy

Parisa Gazerani(:), Norway
Manfred Harth (), Canada

Li Hu(®), China

Young-Kug Kim (), Republic of Korea
King Hei Stanley Lam, Hong Kong
Sreekanth Kumar Mallineni (®), Saudi
Arabia

Ahmed Negida (), Egypt
Sivakumar Nuvvula (), India
Masahiko Shibata (%), Japan
Stefano Tamburin (), Italy
Takahiro Ushida (), Japan
Marcelo M. Valenga (), Brazil

Elia Valentini, Italy

Massimiliano Valeriani, Italy
Giustino Varrassi (), Italy
Alessandro Vittori, Italy
Hai-Qiang Wang (), China

Shoji Yabuki (), Japan



https://orcid.org/0000-0001-6602-103X
https://orcid.org/0000-0002-9136-9983
https://orcid.org/0000-0001-7126-5768
https://orcid.org/0000-0001-5875-3126
https://orcid.org/0000-0003-0491-0338
https://orcid.org/0000-0003-0109-3600
https://orcid.org/0000-0001-8159-6018
https://orcid.org/0000-0001-7003-2903
https://orcid.org/0000-0002-1982-3053
https://orcid.org/0000-0002-9432-2590
https://orcid.org/0000-0001-5363-6369
https://orcid.org/0000-0002-1204-5551
https://orcid.org/0000-0003-3363-1012
https://orcid.org/0000-0002-1561-2187
https://orcid.org/0000-0003-2857-2716
https://orcid.org/0000-0003-0678-3782
https://orcid.org/0000-0002-3822-2923
https://orcid.org/0000-0002-7752-6217
https://orcid.org/0000-0003-3647-3718

Contents

Use of Intravenous Paracetamol Preoperatively Favors Lower Risk of Delirium and Functional
Recovery in Elderly Patients with Hip Fracture: A Propensity Score-Matched Analysis

Junfei Guo (), Tao Wang (2), Xuehong Zheng (), Yubin Long (%), Xin Wang (), Qi Zhang (), Junchuan
Liu (), Guolei Zhang (), Junpu Zha (), Zhiyong Hou (), and Yingze Zhang

Research Article (9 pages), Article ID 1582727, Volume 2022 (2022)

Overexpression of Aquaporin-3 Alleviates Hyperosmolarity-Induced Nucleus Pulposus Cell
Apoptosis via Regulating the ERK1/2 Pathway

Zetong Zhang, Chen Zhao, Ruijie Zhang, Yiyang Wang (), Yanzhu Hu, Qiang Zhou ("), and Pei Li
Research Article (11 pages), Article ID 1639560, Volume 2022 (2022)

Perioperative Low-Dose Ketamine for Postoperative Pain Management in Spine Surgery: A Systematic
Review and Meta-Analysis of Randomized Controlled Trials

Lijin Zhou (), Honghao Yang (), Yong Hai(), and Yunzhong Cheng

Review Article (20 pages), Article ID 1507097, Volume 2022 (2022)

Retrospective Comparison of Postoperative Fascia Iliaca Block and Multimodal Drug Injection on
Early Function of the Knee in Femoral Fractures Using Retrograde Intramedullary Nailing
Songtao Li(), Ping Luo, Yuhu Huang, Huarong Xia, Wushu Wei, Wendun Wei, Tianyu Xia, and Kai Xu
Research Article (7 pages), Article ID 7027637, Volume 2022 (2022)

Classification and Treatment for Cervical Spine Fracture with Ankylosing Spondylitis: A Clinical
Nomogram Prediction Study

Nana Shen (), Xiaolin Wu (), Zhu Guo (), Shuai Yang, Chang Liu (), Zhaoyang Guo (), Shang-You
Yang (), Dongming Xing, Bohua Chen (i), and Hongfei Xiang

Research Article (13 pages), Article ID 7769775, Volume 2022 (2022)

Clinical Efficacy of Percutaneous Kyphoplasty Combined with Calcitriol and Calcium in the
Treatment of Traumatic Nonosteoporotic Vertebral Compression Fractures

Shougian Dai (%), Xin Lu(2), Ningning Dai, Xiu Shi, Peng Yang, Peng Peng, and Feng Xu
Research Article (7 pages), Article ID 3489160, Volume 2022 (2022)

The Impact of Perioperative Multimodal Pain Management on Postoperative Outcomes in Patients
(Aged 75 and Older) Undergoing Short-Segment Lumbar Fusion Surgery

Shuaikang Wang (), Tongtong Zhang (), Peng Wang (), Xiangyu Li (s}, Chao Kong(2), Wenzhi Sun (),
and Shibao Lu

Research Article (8 pages), Article ID 9052246, Volume 2022 (2022)

Bibliometric and Visualized Analyses of Research Studies on Different Analgesics in the Treatment of
Orthopedic Postoperative Pain

Yunzhong Cheng(»), Honghao Yang ("), Li Guan (), Yong Hai (), and Aixing Pan

Research Article (10 pages), Article ID 6835219, Volume 2022 (2022)



https://orcid.org/0000-0002-5687-3885
https://orcid.org/0000-0002-0465-586X
https://orcid.org/0000-0002-0916-826X
https://orcid.org/0000-0003-3634-4916
https://orcid.org/0000-0003-1804-4573
https://orcid.org/0000-0003-0727-1607
https://orcid.org/0000-0001-9715-3262
https://orcid.org/0000-0002-9792-6883
https://orcid.org/0000-0002-9846-4799
https://orcid.org/0000-0001-5838-4025
https://orcid.org/0000-0003-4355-2238
https://orcid.org/0000-0001-7334-2501
https://orcid.org/0000-0001-6253-329X
https://orcid.org/0000-0001-9596-3122
https://orcid.org/0000-0002-6960-5951
https://orcid.org/0000-0001-5300-1283
https://orcid.org/0000-0002-7206-325X
https://orcid.org/0000-0001-5553-5211
https://orcid.org/0000-0002-0049-5467
https://orcid.org/0000-0002-2137-3733
https://orcid.org/0000-0002-6200-7000
https://orcid.org/0000-0002-6044-5357
https://orcid.org/0000-0003-3085-4202
https://orcid.org/0000-0002-3869-4170
https://orcid.org/0000-0002-8835-5302
https://orcid.org/0000-0002-5400-4352
https://orcid.org/0000-0002-5026-5918
https://orcid.org/0000-0001-8250-4541
https://orcid.org/0000-0002-9692-4886
https://orcid.org/0000-0002-1496-9141
https://orcid.org/0000-0001-5232-2456
https://orcid.org/0000-0001-8444-6621
https://orcid.org/0000-0001-7705-2181
https://orcid.org/0000-0002-2435-4618
https://orcid.org/0000-0002-2596-0329
https://orcid.org/0000-0001-9721-0300
https://orcid.org/0000-0002-6508-4458
https://orcid.org/0000-0001-5553-5211
https://orcid.org/0000-0001-5300-1283
https://orcid.org/0000-0002-8376-2929
https://orcid.org/0000-0002-7206-325X
https://orcid.org/0000-0002-0625-4680

Application of a Knowledge, Attitude, Belief, and Practice Model in Pain Management of Patients with
Acute Traumatic Fractures and Alcohol Dependence

Ying Dong, Hui Gao, Zheyu Jin, Jue Zhu, Hao Yu, Yingqing Jiang (®), and Jun Zou

Research Article (7 pages), Article ID 8110896, Volume 2022 (2022)

Comparison of Radiographic Reconstruction and Clinical Improvement between Artificial Cervical Disc
Replacement and Anterior Cervical Discectomy and Fusion

Yuxiang Chen (), Yue Li(), Yong Hai(»), Peng Yin (), Yuzeng Liu{), Jincai Yang ("), and Qingjun Su
Research Article (8 pages), Article ID 3353810, Volume 2022 (2022)

Changes in Paraspinal Muscles and Facet Joints after Minimally Invasive Posterior Lumbar Interbody
Fusion Using the Cortical Bone Trajectory Technique: A Prospective Study

Yue Li(), Yuxiang Chen (1), Yuzeng Liu(), Yong Hai{), Xinuo Zhang ("), Li Guan, and Tianqing Zhang
Research Article (7 pages), Article ID 2690291, Volume 2022 (2022)

Posterior Dynamic Stabilization with Limited Rediscectomy for Recurrent Lumbar Disc Herniation
Lei Luo, Chen Zhao, Pei Li(1%), Liehua Liu, Qiang Zhou ("), Fei Luo, and Lichuan Liang
Research Article (7 pages), Article ID 1288246, Volume 2021 (2021)

Accuracy of Robot-Assisted Percutaneous Pedicle Screw Placement under Regional Anesthesia: A
Retrospective Cohort Study

Shangju Gao (), Jingchao Wei(2), Wenyi Li (55, Long Zhang(®), Can Cao (%), Jinshuai Zhai ("), and Bo Gao
Research Article (8 pages), Article ID 6894001, Volume 2021 (2021)

Analgesic Impact of a Popliteal Plexus Block to Standard Adductor Canal Block in Arthroscopic Anterior
Cruciate Ligament Reconstruction: A Randomized Blind Clinical Trial

Atef Mahmoud (%), Maged Boules (2), Joseph Botros (), Mohamed Mostafa (2, Safaa Ragab (), and
Mohammed Alsaeid

Research Article (8 pages), Article ID 1723471, Volume 2021 (2021)

Anterior Cervical Discectomy and Fusion Using Zero-P System for Treatment of Cervical Spondylosis: A
Meta-Analysis

Zhaoyang Guo (%), Xiaolin Wu (%), Shuai Yang (), Chang Liu (%), Youfu Zhu (), Nana Shen (), Zhu Guo (),
Weiliang Su(), Yan Wang ("), Bohua Chen (%), and Hongfei Xiang

Review Article (15 pages), Article ID 3960553, Volume 2021 (2021)

The Effect of Lower-Limb Exercise on Pain Management of the Patients Undergoing Posterior Lumbar
Fusion Surgery: A Retrospective Case-Control Study

Tong Wu(®) and Yong Ye

Research Article (6 pages), Article ID 3716696, Volume 2021 (2021)

Enhanced Recovery after Surgery Protocol Accelerates Recovery of Lumbar Disc Herniation among
Elderly Patients Undergoing Discectomy via Promoting Gastrointestinal Function

Xiaohai Zuo (), Linbang Wang, Longzhu He, Pei Li, Dandan Zhou (), and Yiping Yang

Research Article (9 pages), Article ID 3573460, Volume 2021 (2021)


https://orcid.org/0000-0001-8379-6021
https://orcid.org/0000-0003-0443-3156
https://orcid.org/0000-0003-1458-5743
https://orcid.org/0000-0001-6924-8969
https://orcid.org/0000-0002-7206-325X
https://orcid.org/0000-0001-9984-7663
https://orcid.org/0000-0003-2128-4594
https://orcid.org/0000-0003-2779-7593
https://orcid.org/0000-0001-6924-8969
https://orcid.org/0000-0003-1458-5743
https://orcid.org/0000-0003-2128-4594
https://orcid.org/0000-0002-7206-325X
https://orcid.org/0000-0002-7817-4241
https://orcid.org/0000-0002-5447-2340
https://orcid.org/0000-0001-9596-3122
https://orcid.org/0000-0001-6253-329X
https://orcid.org/0000-0002-5600-3070
https://orcid.org/0000-0002-7819-7662
https://orcid.org/0000-0002-6188-6461
https://orcid.org/0000-0002-0226-0063
https://orcid.org/0000-0002-8716-9989
https://orcid.org/0000-0003-0131-8021
https://orcid.org/0000-0002-1945-8463
https://orcid.org/0000-0003-2711-4772
https://orcid.org/0000-0001-5979-1239
https://orcid.org/0000-0002-6098-238X
https://orcid.org/0000-0002-3231-5432
https://orcid.org/0000-0003-3259-1979
https://orcid.org/0000-0002-1633-6102
https://orcid.org/0000-0002-3869-4170
https://orcid.org/0000-0002-6200-7000
https://orcid.org/0000-0003-1933-4484
https://orcid.org/0000-0003-3085-4202
https://orcid.org/0000-0003-3529-4187
https://orcid.org/0000-0002-2137-3733
https://orcid.org/0000-0002-6044-5357
https://orcid.org/0000-0003-0784-8971
https://orcid.org/0000-0002-6460-9160
https://orcid.org/0000-0002-5400-4352
https://orcid.org/0000-0002-5026-5918
https://orcid.org/0000-0002-0887-5237
https://orcid.org/0000-0002-4007-4050
https://orcid.org/0000-0002-4005-3225
https://orcid.org/0000-0001-5397-0156

Contents

A Novel Capsule Lumbar Interbody Fusion (CLIF) in Treating Foot Drop due to Lumbar
Degenerative Diseases: a Prospective, Observational Study

Kaigiang Sun (), Feng Lin (), Jialin Jiang (), Jingchuan Sun (), and Jiangang Shi

Research Article (11 pages), Article ID 6880956, Volume 2021 (2021)

Full-Endoscopic Transforaminal Ventral Decompression for Symptomatic Thoracic Disc Herniation
with or without Calcification: Technical Notes and Case Series

Shangju Gao(»), Jingchao Wei (), Wenyi Li(), Long Zhang (), Can Cao (%), Jinshuai Zhai (), and Bo
Gao

Research Article (8 pages), Article ID 6454760, Volume 2021 (2021)

Surgical Procedures Used for Correction of Scheuermann’s Kyphosis: A Meta-Analysis
Qingshan Li
Review Article (9 pages), Article ID 2142964, Volume 2021 (2021)

A Modified Transverse Process-Pedicle Approach Applied to Unilateral Extrapedicular Percutaneous
Vertebroplasty

Yunyun Zhuo, Liehua Liu, Haoming Wang, Pei Li(), Qiang Zhou (), and Yugang Liu

Research Article (7 pages), Article ID 6493712, Volume 2021 (2021)

Postoperative Management Strategy of Surgical Site Infection following Lumbar Dynesys Dynamic
Internal Fixation

Liehua Liu(, Lei Luo (), Chen Zhao (), and Qiang Zhou

Research Article (8 pages), Article ID 2262837, Volume 2021 (2021)



https://orcid.org/0000-0002-0272-8383
https://orcid.org/0000-0002-2447-4564
https://orcid.org/0000-0002-3955-1016
https://orcid.org/0000-0002-8956-9409
https://orcid.org/0000-0003-2133-0108
https://orcid.org/0000-0002-5600-3070
https://orcid.org/0000-0002-7819-7662
https://orcid.org/0000-0002-6188-6461
https://orcid.org/0000-0002-0226-0063
https://orcid.org/0000-0002-8716-9989
https://orcid.org/0000-0003-0131-8021
https://orcid.org/0000-0002-1945-8463
https://orcid.org/0000-0002-5564-0860
https://orcid.org/0000-0001-9596-3122
https://orcid.org/0000-0001-6253-329X
https://orcid.org/0000-0003-0353-1918
https://orcid.org/0000-0002-3915-8759
https://orcid.org/0000-0001-7482-9784
https://orcid.org/0000-0002-3397-4907
https://orcid.org/0000-0001-6253-329X

Hindawi

Pain Research and Management

Volume 2022, Article ID 1582727, 9 pages
https://doi.org/10.1155/2022/1582727

Research Article

@ Hindawi

Use of Intravenous Paracetamol Preoperatively Favors Lower
Risk of Delirium and Functional Recovery in Elderly Patients with
Hip Fracture: A Propensity Score-Matched Analysis

1,2

Junfei Guo ©,"? Tao Wang 12 Xuehong Zheng ,2 Yubin Long 4 Xin Wang (@),
Qi Zhang ,3 Junchuan Liu ®,"? Guolei Zhang 12 Junpu Zha 12 Zhiyong Hou (1),
and Yingze Zhang ®">%’

1,2,6

'Department of Orthopaedics Surgery, Third Hospital of Hebei Medical University, Shijiazhuang, China

2Orthopaedic Institute of Hebei Province, Shijiazhuang, China

Department of Orthopaedic Surgery, Hebei General Hospital, Shijiazhuang, China

“Department of Orthopaedics Surgery, Baoding First Central Hospital, Baoding, China

Department of Anesthesiology, Children’s Hospital of Hebei Affiliated to Hebei Medical University, Shijiazhuang, China
®NHC Key Laboratory of Intelligent Orthopeadic Equipment, Shijiazhuang, China

”Chinese Academy of Engineering, Beijing, China

Correspondence should be addressed to Zhiyong Hou; drzyhou@gmail.com
Received 22 December 2021; Revised 12 March 2022; Accepted 18 March 2022; Published 13 April 2022
Academic Editor: Xiaolong Chen

Copyright © 2022 Junfei Guo et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

We aimed to investigate whether the use of intravenous paracetamol (IVP) preoperatively in intertrochanteric fracture (IF) patients
aged 65 years or over receiving intramedullary fixation had significantly benefits on the pain score at discharge, delirium incidence,
length of hospital stay (LOS), functional outcomes, and mortality. A retrospective analysis of all surgically treated patients presenting
with IF was conducted at a single Level I trauma center in China between Jan. 2016 and Jan. 2020. The data concerning patients’
demographics, injury-related data, surgery-related data, operation-related data, in-hospital data, and postoperative outcomes were
extracted. To minimize potential confounding and selection bias, the propensity score matching (PSM) method was performed via
the caliper matching method by using a 1:1 ratio. After PSM, McNemar’s chi-square tests were used to examine the association of
using IVP with outcome analyses. The Spearman correlations of IVP using, pain scores, and the factors which may influence them
were also computed. After screening 2963 consecutive patients, 2166 were included finally, including 1576 in the non-IVP group and
590 in the IVP group. After PSM, 531 remained in each group. The pain scores at discharge were significantly between the two groups
before and after matching (all p <0.001). The differences of delirium rate and functional outcomes became significant after
propensity score-based matching (p = 0.001 and 0.033, respectively), although they were not significant before matching. No
significant difference was observed in other operation-related data, LOS, and crude mortality rates at 30-day, 90-day, and 12-month
before and after PSM. In conclusion, this study highlights the need for preoperative IVP use to optimize pain control, postoperative
functional recovery, and minimize pain-related comorbidities such as delirium in elderly patients with hip fracture.

1. Introduction

As the population ages and the incidence of hip fracture
rises, more hip fracture patients will receive operations and
effective perioperative management. Worldwide, over 1
million hip fractures occur annually, particularly increased
in the developing countries. It has been reported that the

number of older adults in China, i.e., people over 60 years,
has reached 249 million, accounting for nearly one-fifth of
the total population by 2018, with numbers projected to
reach close to 450 million, more than thirty percent of the
global population by 2050 [1, 2]. Nowadays, hip fractures,
especially intertrochanteric fractures, which are the most
common cause of orthopedic wards admission, represent a
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major public health concern in older adults due to multiple
concurrent comorbidities and subsequent difficulty in
achieving good outcomes, leading to a heavy socioeconomic
pressure on society [3]. Despite substantial progress in this
frail patients management over the past few decades, 1-year
mortality remains high, ranging from 7% to 10% in 30 days
and 12% to 35% in the first year [4, 5], and even with
treatment, up to 10% of patients die postoperatively in
hospital [6].

According to the literature [7, 8], effective pain man-
agement has been shown to be associated with significantly
improved outcomes. Increasing evidence suggests that better
pain control enables patients to start the rehabilitation process
earlier and has shorter length of hospital stay (LOS), thus
reducing total costs during the in-hospital period and mor-
tality [9, 10]. Poor pain control, instead, predisposes hip
fracture patients to delirium and disability, which impairs
their ability to perform activities of daily living (ADL), and
increases 1-year mortality and morbidity [3, 11]. In addition,
previous researches [12, 13] have indicated that emotional
problems such as depression and anxiety are also related to the
intensity of acute pain after kinds of surgery. Therefore, pain
management plays an important role in perioperative patient
care since patient safety and comfort after surgery are of
utmost importance when evaluating surgery procedures [14].

At the present stage, the existing evidence by the National
Institute of Clinical Excellence guidelines suggests that the use
of intravenous paracetamol (IVP) might be compared
favourably to morphine and nerve block for analgesia as well
as reaching a higher peak plasma concentration than its oral
equivalent [15-17]. Currently, the most widely used analgesics
are nonsteroidal anti-inflammatory drugs (NSAIDs) and
opioids, or peripheral nerve blocking. However, patients who
use morphine for patient-controlled analgesia experience
many side effects related to opioids such as pruritus, tolerance,
physical dependence, reward behavior, as well as contribute to
serious and potentially permanent nerve damage [18-21].
However, relevant research regarding the use of IVP pre-
operatively in hip fracture patients is still relatively scarce.
Furthermore, whether patients received IVP use have sig-
nificantly lower delirium incidence, shorter LOS, higher
survival rates, and particularly better functional outcomes are
relatively lacking. Therefore, the aim of the present paper is to
evaluate the preoperative use of IVP in elderly patients with
intertrochanteric fractures (IF) and treated by intramedullary
fixation on delirium incidence, LOS, and functional outcomes
as well as mortality.

2. Materials and Methods

2.1. Study Design, Setting, and Population. A retrospective
analysis of all IF patients undergoing intramedullary fixation
by proximal femoral nail antirotation (PFNA) was conducted
at a single Level I trauma center in China between Jan. 2016
and Jan. 2020. Patients who were 65 years or older, with an
admission delay from initial injury <48h, and received a
minimum of one-year follow-up were included and screened.
Exclusion criteria were open or pathological fractures, ad-
ditional fractures of the IF and multiple injuries, patients who
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had inability to communicate, with mental illness, or refused
surgery, and who were treated conservatively due to severe
comorbidities, were excluded. The patients were divided into
IVP or non-IVP groups according to whether they received
IVP preoperatively. All investigations were conducted in
conformity with the ethical principles of research. The study
was overseen and approved by the institutional internal re-
view board of the participating institution in compliance with
the Declaration of Helsinki, and consent was waived as this is
an observational study without an intervention. All collected
patient data were anonymously recorded to protect patient
confidentiality.

2.2. Perioperative Treatment and Surgical Procedure. Our
hospital has specialized geriatric orthopedics wards. The
patients in wards are assessed once daily by a multidisci-
plinary team including at least two orthopedists, one internal
medicine consultant who is responsible for patients’ peri-
operative management, together with an attending anes-
thesiologist, and nurses. Strategy in using IVP was according
to the current guidelines that is given at a dose of
2000-4000 mg daily in 2-4 divided doses, which has been
demonstrated had no relevant side effects on kidney and
gastric function [16, 22].

Preoperative X-rays (anteroposterior and lateral view)
and a Siemens 128-layer dual-source spiral CT scan (Siemens
Medical System, Germany) of the injured leg were taken.
Fractures were classified as stable (A1.1-A2.1) or unstable
(A2.2-A3.3) according to the Orthopaedic Trauma Asso-
ciation classification system. The patients surgically treated
by PENA that were all following international treatment
guidelines. The surgical operation was carried out under
general anesthesia or region anesthesia. The position of
internal fixation was checked and the wound sutured layer
by layer. After the operation, early partial to full weight
bearing was encouraged. The patients were followed regu-
larly by an outpatient review or telephone interview with
patients or their family members.

2.3. Data Collection. Data were retrospectively collected
from our institution’s electronic medical record. The data
collection consisted of patients’ demographics, including
gender, age, body mass index (BMI), residence (rural or
urban), and smoking or drinking history; injury-related data
consisted of fracture type and time from initial injury to
surgery; surgery-related data including general health status
based on the American Society of Anesthesiologists (ASA)
grade (ASA physical status are classified as I to VI) and
modified Elixhauser comorbidity method (mECM); and in-
hospital data including the Hb level at admission, whether
received blood transfusion, the commonly used visual an-
alog scores (VAS) and numerical rating scores (NRS) at
admission [23, 24], Geriatric Depression Scale (GDS),
functional independence measure (FIM), and anxiety or not.
Outcome analyses consisted of operation-related data in-
cluding anesthesia methods (general or regional), duration
of operation, intraoperative blood loss; and in-hospital
outcomes including VAS and NRS at discharge, LOS, and
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postoperative delirium or not. The participants’ survival
status and date of death were collected during the follow-up.
Beginning of follow-up was defined as enrollment in the
cohort, and end point event was defined as all reasons of
death or at a most recent follow-up visit, whichever was
earlier. Then, 30-day, 90-day, and 12-month mortality and
functional outcomes (including independent walking, use of
walking aids, wheelchair, bedridden status, and death) were
also recorded.

2.4. Definitions. Patients’ age was classified as 65-69, 70-79,
80-89, 90-99, and over 100 years old, while BMI was
grouped as normal with BMI <24 kg/m?, overweight with
24 <BMI<28kg/m’ and obesity with BMI >28kg/m’.
From electronic medical records, the mECM was used to
assess patients’ comorbidities at admission and further
stratified into groups <0, 0, 1-5, 6-13, and >14 in this study
cohort. Additionally, ASA grade is a commonly used pre-
dictor of mortality in orthopedic surgery. Thus, to ensure
transparency, the authors have included both variables as we
have done in our previously published studies [25, 26]. The
15-item GDS and FIM were used to determine the de-
pression symptoms and the generic ability to perform ADL,
respectively [27, 28]. Breakpoints of 8g/dL, 10g/dL, and
12 g/dL were used to classify the Hb level at admission.

2.5. Statistical Analysis. Continuous variables were evaluated
for normality by applying the Shapiro-Wilk test. Numerical
variables satisfying normality were compared using the
Student ¢ test to obtain group mean differences, and data are
presented as mean + standard deviation (SD). Median and
interquartile range (IQR) were reported as data were non-
normally distributed and done with the Mann-Whitney U
test. Categorical variables are shown as proportions, and the
differences were analyzed using the chi-square or Fisher’s
exact test. To reduce selection bias and potential confounding
factors, propensity score matching (PSM) was adopted for the
adjustment of baseline clinical by using a 1:1 ratio and via the
caliper matching of 0.20. After PSM, paired t tests and paired
chi-square tests were used for continuous variables and
categorical variables, respectively. Finally, the Spearman
correlations of IVP using, VAS, NRS, and the factors which
may influence them were also computed, respectively. All data
analyses were performed using IBM SPSS Statistics for
Windows, version 26.0 (IBM, Armonk, NY, USA). The level
of significance was set at p <0.05.

3. Results

From Jan. 2016 to Jan. 2020, a total of 2963 consecutive
patients presenting with IF were retrospectively reviewed
and assessed for eligibility. A total of 797 patients were
eliminated by the exclusion criteria. Among these patients,
196 were under 65 years old; 213 received conservative
treatment; 186 had an admission delay of greater than or
equal to 48h; 47 had open hip fractures, pathological
fractures, and multiple injuries; 89 had inability to com-
municate or with mental illness; and 66 were lost to follow-

up. Finally, 2166 patients (including 1576 in the non-IVP
group and 590 in the IVP group) who met the inclusion and
exclusion criteria were enrolled (Figure 1).

Comparison of general data of patients between two
groups is presented in Table 1. More than sixty percent of the
participants were female, and the mean age was 79 years old
in both groups. There were significant differences between
the IVP group and the non-IVP group regarding gender,
residence, smoking history, fracture type, VAS and NRS at
admission, GDS, FIM, and anxiety incidence. There were 531
matched pairs after propensity score matching, and the two
groups had similar baseline demographic and disease
characteristics (p > 0.05) (Table 1).

Prematching and postmatching results, including op-
eration-related data, VAS and NRS at discharge, LOS, de-
lirium incidence, functional outcomes, and mortalities, are
presented in Table 2. The statistical distribution showed that
intraoperative blood loss was significantly different between
the two groups before PSM; however, the difference was not
significant after PSM. Although the differences in the
characteristics of VAS and NRS at discharge were signifi-
cantly reduced between the two groups, after matching, the
characteristics of each covariate still differed. Notably, the
differences of delirium rate and functional outcomes became
significant after propensity score-based matching (p = 0.001
and 0.033, respectively); however, before matching, the
differences were not significant. No significant difference
was observed in other operation-related data, LOS, and
crude mortality rates at 30-day, 90-day, and 12-month be-
fore and after PSM.

To examine if IVP use, VAS, and NRS were correlated
with other variables, correlation analyses were performed.
By using the Spearman method, although our results showed
several variables were significantly associated, pain (VAS
and NRS) at admission was the only variable with the weak
correlation to IVP use, while smoking and drinking histories
were correlated with pain experience and severity (Tables 3,
4). The overall mortality rates of patients in the non-IVP
group and the IVP-group were 20.1% and 20.5%, respec-
tively, at the end of this study.

4. Discussion

It has been reported that approximately two-thirds of pa-
tients had moderate-to-severe pain before surgery
[10, 29, 30]. However, to the best of our knowledge, in-
consistent and inadequate pain control is indeed due to
several reasons including fearing side effects, poor treatment
compliance by patients, poor consistency in prescribing
medications by clinicians, and underappreciated issue in
patients with cognitive impairment, which is cited as a
barrier to effective pain assessment [9]. In a prospective
study, Oberkircher et al. found that although all patients
having significant pain before arrival to the hospital, more
than seventy percent of patients received no analgesia [10].

Despite oral paracetamol with various doses has been
recommended routinely given as the first step of the WHO
analgesic ladder [30], its bioavailability when given orally
can be reduced by hepatic first pass metabolism. Instead,
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2963 consecutive patients presenting with intertrochanteric
fracture were screened and assessed for eligibility

89 Had inability to communicate or with mental illness

797 were eliminated by exclusion criteria.
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Or with pathological
Or with open hip fractures
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1576 in non-IVP group | | 590 in IVP group

FiGURE 1: Flow diagram of included patients.

IVP has been proven to be a reliable and effective analgesic in
managing both preoperative and postoperative pain for
orthopedic patient care [31-33]. Moreover, published lit-
eratures [17, 34] have demonstrated that IVP reached a
higher peak plasma concentration, with a superior opioid-
sparing effect, and significantly reduced morphine re-
quirements with no adverse effects or compromise in pain
management than its oral equivalent.

This study set out to evaluate the preoperative use of [IVP
in elderly patients with IF and treated with intramedullary
fixation, focusing on the impact of delirium incidence, LOS,
functional outcomes, and mortality. Based on the results
analyses performed in this study involving 2166 patients, we
observed 590 patients (27.2%) received IVP treatment before
surgery, and in male patients, urban living, smoking history,
unstable fracture type, higher VAS, NRS, GDS at admission,
anxiety, and lower FIM were independent predictors for IVP
use. The intensity of acute pain after hip fracture is likely
multifactorial. Numerous studies have suggested that gender
[35], age [36], smoking history [35, 37], unstable fracture
type [36], and anxiety [13, 37] were related factors, which are
consistent with our conclusions.

Several literature focused on the use of paracetamol for
pain reduction in hip fracture patients, which has been
already shown to be associated with reduced delirium rate
[29], mortality rate and LOS [9, 16, 29], as well as improved
functional outcomes [9, 16]. Few of these studies, however,
presented results that adjusted for other covariables that may
confound these outcomes. Thus, we applied PSM to mini-
mize confounding biases. The differences roughly repre-
sented the effects of gender, residence, smoking history,
fracture type, VAS, NRS, GDS at admission, anxiety, and
FIM on anesthesia method, intraoperative blood loss, du-
ration of operation, VAS and NRS at discharge, LOS, de-
lirium rate, mortality rate, and functional outcomes before
PSM were eliminated in the present study. After PSM and

McNemar’s tests, we confirmed that IF fracture patients
received IVP have advantages in terms of VAS and NRS at
discharge, delirium rate, and functional outcomes than the
patients who did not receive IVP before surgery. Our
conclusions are in line with other literatures [10, 16] that IVP
seems to have the potential to reduce delirium rate and gain
better functional outcomes that possibly due to early im-
mobilization, as a result of painless.

Previous literature [3, 16] also revealed that optimizing
pain management contributed to reducing LOS while poor
pain control may increase 1-year mortality. However, we did
not obtain similar conclusions in this Chinese population.
The fact is that there are many factors affecting LOS and
mortality. Previous published articles [6, 38] studied the
short-term outcomes of the elderly hip fracture patients. In
this study, 437 of 2166 (20.2%) total patients died at the end
of the study, and the mortality rates of the non-IVP group
and IVP group in 12 months were 6.9% and 6.3% before
PSM, respectively. Our findings reveal that the mortality rate
is lower than previous data [5, 6, 38], which can be ascribed
to the participants selection that we restricted the study
population to surgical patients and excluded nonsurgical
patients. Similarly, there is no significant difference in
mortality rates between the two groups after PSM. Sur-
prisingly, we found that only less than 1 in 10 of patients
were restricted to a wheelchair or bedridden state requiring
full assistance while most patients could walk indepen-
dently/with the help of walking aids before and after PSM.
Ekstrom et al. [39] demonstrated that only about 55% of
patients maintain their activities of daily living and ap-
proximately 34% of patients lose their previous ability to
walk. According to our results, 40.6% of non-IVP patients
and 40.3% of IVP patients walked independently before PSM
while the percentages were 42.7% and 44.8% after PSM,
respectively. In addition, a substantial percentage of indi-
viduals are able to walk with assistive devices.
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TaBLE 1: Patient characteristics at baseline comparisons before and after propensity score matching.

Prematching Postmatching
Variables Non-IVP grou IVP grou Non-IVP grou IVP grou
(n= 15?6) P (n =g590)p p value (n= 53g1) P (n =g531)p p value
Demographics
Gender, n (%)
Male 494 (31.3%) 212 (35.9%) 0.043* 187 (35.2%) 196 (36.9z5) 0.565
Female 1082 (68.7%) 378 (64.1%) 344 (64.8%) 335 (63.1%)
Age, years 79.0+7.2 792+7.3 0.510 79.0+7.4 793+7.2 0.518
Age group, n (%)
65-69 172 (10.9%) 60 (10.2%) 60 (11.3%) 51 (9.6%)
70-79 639 (40.5%) 230 (39.0%) 0142 218 (41.1%) 211 (39.7%) 0174
80-89 655 (41.6%) 251 (42.5%) : 215 (40.5%) 225 (42.4%) :
90-99 103 (6.5%) 49 (8.3%) 34 (6.4%) 44 (8.3%)
>100 7 (0.4%) 0 (0.0%) 4 (0.8%) 0 (0.0%)
BMI (kg/m?), n (%)
Normal (BMI < 24) 1023 (64.9%) 384 (65.1%) 0.937 345 (65.0%) 347 (65.3%) 0.939
Overweight (24 < BMI < 28) 431 (27.3%) 163 (27.6%) : 146 (27.5%) 147 (27.7%) :
Obesity (BMI > 28) 122 (7.7%) 43 (7.3%) 40 (7.5%) 37 (7.0%)
Residence
Rural 670 (42.5%) 189 (32.0%) <0.001* 199 (37.5%) 212 (39.9%) 0.413
Urban 906 (57.5%) 401 (68.0%) 332 (62.5%) 319 (60.1%)
Smoking history (Yes) 186 (11.8%) 90 (15.3%) 0.032* 87 (16.4%) 78 (14.7%) 0.446
Drinking history (Yes) 373 (23.7%) 157 (26.6%) 0.156 130 (24.5%) 134 (25.2%0 0.776
Injury-related data
Fracture type, n (%)
Stable (A1.1-A2.1) 928 (58.9%) 252 (42.7%) <0.001* 244 (46.0%) 231 (43.5%) 0.422
Unstable (A2.2-A3.3) 648 (41.1%) 338 (57.3%) 287 (54.0%) 300 (56.5%)
Time from injury to surgery, days 6.1+3.1 59+3.3 0.100 6.0+3.1 6.0+3.3 0.766
Surgery-related data
ASA, n (%)
1 306 (19.4%) 110 (18.6%) 101 (19.0%) 99 (18.6%)
2 451 (28.6%) 184 (31.2%) 0713 152 (28.6%0 164 (30.9%) 0.859
3 575 (36.5%) 200 (33.9%) : 196 (36.9%) 181 (34.1%) :
4 206 (13.1%) 82 (13.9%) 72 (13.6%) 75 (14.1%)
5 38 (2.4%) 14 (2.4%) 10 (1.9%0 12 (2.3%)
mECM, n (%)
<0 31 (2.0%) 13 (2.2%) 12 (2.3%) 13 (2.4%)
0 804 (51.0%) 278 (47.1%) 0580 272 (51.2%) 250 (47.1%) 0752
1-5 257 (16.3%) 99 (16.8%) : 86 (16.2%) 90 (16.9%) :
6-13 420 (26.6%) 174 (29.5%) 140 (26.4%) 155 (29.2%)
>14 64 (4.1%) 26 (4.4%) 21 (4.0%) 23 (4.3%)
In-hospital data
HbD level at admission (g/dL)
Hb>12 454 (28.8%) 179 (30.3%) 155 (29.2%) 160 (30.1%)
12>Hb>10 670 (42.5%) 237 (40.2%) 0.729 219 (41.2%) 215 (40.5%) 0.962
10>Hb>8 371 (23.5%) 146 (24.7%) 127 (23.9%) 129 (24.3%)
Hb<8 81 (5.1%) 28 (4.7%) 30 (5.6%) 27 (5.1%)
Blood transfusion (Yes) 1203 (76.3%) 149 (74.7%) 0.442 413 (77.8%) 400 (75.3%) 0.346
VAS at admission 49+1.7 6.4+1.5 <0.001* 59+1.3 6.0+£1.6 0.410
NRS at admission 49+1.7 6.4+1.5 <0.001* 59+1.3 59+1.6 0.934
GDS 35+1.6 44+13 <0.001* 4.0+£1.9 42+1.7 0.109
FIM 84.6 £10.6 83.4+10.2 0.022* 83.1+10.2 83.3+£10.9 0.769
Anxiety (Yes) 142 (9.0%) 507 (14.1%) 0.001* 102 (19.2%) 82 (15.4%) 0.105

Values are presented as the number (%) or mean + SD (standard deviation). * p < 0.05, statistical significance. BMI, body mass index; ASA, American Society
of Anesthesiologists; mECM, modified Elixhauser’s Comorbidity Measure; VAS, visual analog scores; NRS, numerical rating scores; GDS, Geriatric De-
pression Scale; FIM, functional independence measure.
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TaBLE 2: Patient outcome analyses before and after propensity score matching.

Prematching Postmatching
Variables Non-IVP grou IVP grou Non-IVP grou IVP grou
(n= 157gs) b (n =gs90)p p value (n= 53g1) b (n =g531)p p value

Type of anesthesia, 1 (%) 0.906 0.849

General anesthesia 592 (37.6%) 220 (37.3%) 197 (37.1%) 200 (37.7%)

Regional anesthesia 984 (62.4%) 370 (62.7%) 334 (62.9%) 331 (62.3%)
Duration of operation, mins 99.7 +34.7 97.2+34.6 0.130 99.8+34.5 97.8+35.0 0.352
Intraoperative blood loss (mL) 200 (100, 300) 200 (100, 300) 0.012* 200 (100, 300) 200 (100, 300) 0.095
VAS at discharge 24+1.1 1.5+0.9 <0.001* 23+1.1 1.8+£0.9 <0.001*
NRS at discharge 23+1.1 1.4+0.8 <0.001* 22+1.1 1.8+0.9 <0.001*
Length of hospital stay 14.7+6.8 14.3+6.0 0.255 14.3+6.5 14.4+6.1 0.815
Delirium (Yes) 128 (8.1%) 48 (8.1%) 0.992 85 (16.0%) 48 (9.0%) 0.001*
30-day mortality 14 (0.9%) 5 (0.8%) 0.928 6 (1.1%) 5 (0.9%) 0.762
90-day mortality 25 (1.6%) 8 (1.4%) 0.697 10 (1.9%) 8 (1.5%) 0.634
12-month mortality 109 (6.9%) 37 (6.3%) 0.594 39 (7.3%) 37 (7.0%) 0.812
Functional outcomes

Independent walking 640 (40.6%) 238 (40.3%) 227 (42.7%) 238 (44.8%)

Use of walking aids 488 (31.0%) 182 (30.8%) 0.984 158 (29.8%) 178 (33.5%) 0,033

Use of wheelchair 92 (5.8%) 32 (5.4%) : 34 (6.4%) 41 (7.7%) ’

Bedridden 40 (2.5%) 17 (2.9%) 15 (2.8%) 7 (1.3%)

Death 316 (20.1%) 121 (20.5%) 97 (18.3%) 67 (12.6%)

Values are presented as the number (%) or mean + SD (standard deviation) or median (interquartile range). * p < 0.05, statistical significance. VAS, visual
analog scores; NRS, numerical rating scores.

TaBLE 3: The association of IVP group with gender, age, residence, smoking or drinking history, fracture type, pain scores at admission,
GDS, FIM, and anxiety.

Variables Non-IVP group (n=1576) IVP group (n=590) Spearman’s r statistic p value
Gender, n (%)
Male 494 (31.3%) 212 (35.9%) —-0.044 0.043"
Female 1082 (68.7%) 378 (64.1%)
Age, years 79.0+7.2 79.2+7.3 0.016 0.451
Age group, n (%)
65-69 172 (10.9%) 60 (10.2%)
70-79 639 (40.5%) 230 (39.0%)
80-89 655 (41.6%) 251 (42.5%) 0.026 0-235
90-99 103 (6.5%) 49 (8.3%)
>100 7 (0.4%) 0 (0.0%)
Residence
Rural 670 (42.5%) 189 (32.0%) -0.096 <0.001"
Urban 906 (57.5%) 401 (68.0%)
Smoking history (Yes) 186 (11.8%) 90 (15.3%) 0.049 0.022*
Drinking history (Yes) 373 (23.7%) 157 (26.6%) 0.033 0.126
Fracture type, n (%)
Stable (A1.1-A2.1) 928 (58.9%) 252 (42.7%) 0.147 <0.001*
Unstable (A2.2-A3.3) 648 (41.1%) 338 (57.3%)
VAS at admission 49+17 6.4+1.5 0.388 <0.001*
NRS at admission 49+1.7 64+1.5 0.396 <0.001*
GDS 44+13 35x1.6 -0.286 <0.001"
FIM 84.6 £10.6 83.4+10.2 0.055 0.010*
Anxiety (Yes) 142 (9.0%) 507 (14.1%) 0.074 0.001*

Values are presented as the number (%) or mean + SD (standard deviation). * p <0.05, statistical significance. VAS, visual analog scores; NRS, numerical
rating scores; GDS, Geriatric Depression Scale; FIM, functional independence measure.

Previous considerable research has assessed the factors  relatively large sample size. Other strengths are the sets of

influencing the rates of functional outcomes and mortality in
hip fracture patients. Compared to these former studies, the
strength of this study lies in the more recent data with a

scoring systems we involved and the specific cohort of
patients who received surgery by a single internal fixation
and grouped based on whether they received IVP or not,
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TaBLE 4: The association of pain scores (VAS and NRS) with gender, age, BMI, residence, smoking or drinking history, fracture type, ASA,

mECM, Hb level at admission, GDS, FIM, and anxiety.

Variables VAS at admission p value NRS at admission p value
Gender -0.011 0.595 —-0.004 0.836
Age 0.002 0917 0.003 0.874
Age group 0.002 0.915 0.004 0.863
BMI 0.003 0.895 —0.002 0.924
Residence —0.095 <0.001* —0.087 <0.001*
Smoking history (Yes) 0.209 <0.001* 0.201 <0.001*
Drinking history (Yes) 0.262 <0.001* 0.292 <0.001*
Fracture type 0.015 0.474 0.015 0.497
ASA 0.008 0.726 0.010 0.638
mECM -0.007 0.750 —-0.004 0.863
Hb level at admission 0.025 0.242 0.024 0.263
GDS -0.157 <0.001* -0.166 <0.001*
FIM —0.088 <0.001* —-0.099 <0.001*
Anxiety 0.010 0.644 0.020 0.348

*p <0.05, statistical significance. VAS, visual analog scores; NRS, numerical rating scores; BMI, body mass index; ASA, American Society of Anesthesi-
ologists; mECM, modified Elixhauser’s Comorbidity Measure; GDS, Geriatric Depression Scale; FIM, functional independence measure.

which eliminated the effects of possible confounding vari-
ables. Finally, to the best of our knowledge, this is the first
study to evaluate IVP on functional outcomes in hip fracture
patients after PSM. Such quantitative analyses might in-
crease the orthopedist’s confidence in pain management for
hip fracture patients and be beneficial for clinicians looking
to establish probabilities for delirium and adverse functional
outcomes in the future and establishing rational goals of
medical care for this vulnerable population. A weakness,
however, comes with the fact that it is a retrospective single-
center observational study. In addition, we did not rule out
other unknown factors, including perioperative laboratory
values and surgeon practice, for analysis, which may po-
tentially influence our findings. However, this is the first
study including multiple relative contributions of patient
demographics, injury-related, surgery-related, anesthetic,
transfusion, and sets of scoring systems factors, which have
not been studied together.

5. Conclusion

In conclusion, early identification of individuals with
moderate-to-severe pain and using IVP preoperatively for
pain killing is prone to reducing pain score at discharge,
delirium incidence, and achieving better functional out-
comes that benefited from accelerated care. This study
highlights the need for preoperative IVP to optimize pain
control and minimize pain-related comorbidity as well as
postoperative functional recovery in elderly patients with
hip fracture.
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Intervertebral disc degeneration (IDD) is closely related to osmolarity, which fluctuates with daily activities, and hyperosmolarity
may be a contributor to nucleus pulposus (NP) cells apoptosis. Aquaporin-3 (AQP-3) belongs to the family of aquaporins and
mainly transports water and other small molecular proteins, which is reduced with the aging of the intervertebral disc. ERK1/2
pathway is one type of mitogen-activated protein kinase (MAPK) and is associated with cellular apoptosis. This study was aimed to
investigate the effects of AQP-3 on NP cells apoptosis induced by a hyperosmolarity and focused on the role of the ERK1/2
signaling pathway. We found that NP apoptosis could be induced by hyperosmolarity (550 mOsm/kg), and downregulation of
AQP-3 and inhibition of ERK1/2 could be simultaneously observed. Therefore, lentivirus was used to enhance the expression of
AQP-3 to compare apoptosis between AQP-3-overexpressed NP cells and the control NP cells. The results showed that apoptosis
could be alleviated by overexpression of AQP-3 and the activity of ERK1/2 could also be promoted. Furthermore, we found that
the inhibitor U0126 could partly aggravate apoptosis of the AQP-3-overexpressed NP cells. In summary, our results suggested that
overexpression of AQP-3 could protect against hyperosmolarity-induced NP cell apoptosis via promoting the activity of the
ERK1/2 pathway. This study may shed light on a better understanding of the pathologic mechanism of IDD and bring AQP-3 into
the therapeutic approaches for IDD treatment.

1. Introduction

Intervertebral disc degeneration (IDD), one of the most
important causes of low back pain (LBP), severely affects
normal daily life and imposes a significant financial burden
on society and the healthcare system [1-3]. Currently,
treatments for intervertebral disc degeneration, such as bed
rest, functional exercise, physical therapy, and surgery, only
relieve pain and do not target the cause of the condition
[4-6]. Therefore, an in-depth investigation into the

pathophysiological mechanism of intervertebral disc de-
generation will provide a theoretical basis for the biological
repairment of degenerated intervertebral discs.

Apoptosis, also known as programmed cell death, plays
an important role in facilitating IDD by directly reducing the
number of nucleus pulposus (NP) cells, thereby affecting the
synthesis of extracellular matrix in intervertebral disc NP
tissue, such as collagen and proteoglycan [7-11]. The in-
tervertebral disc consists of the upper and lower cartilagi-
nous endplates, the outer annulus fibrosus, and the central
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NP tissue [12]. NP tissue is highly hydrophilic due to the rich
content of negatively charged glycosaminoglycans [13, 14].
Performance of day-to-day activities and changes in the
spinal posture cause the NP tissue to be subjected to the
constant change in axial compressive stress [15, 16]. This
causes water to enter or exit the NP tissue, which in turn
causes the in situ osmotic pressure of the NP tissue to
fluctuate between 450 mOsm/kg and 550 mOsm/kg, a range
that is much higher than the normal osmotic pressure of
other extracellular fluids in the human body [17]. Studies by
other research groups and our research group have shown
that an environment with high osmotic pressure promotes
the apoptosis of NP cells [18, 19], but the related mechanism
is still unclear.

Aquaporins (AQPs) are transmembrane water channel
proteins that can regulate the permeability of cells to water
and other small molecules [20, 21]. Previous studies have
reported that the expression of AQPs in notochord cells of
mouse intervertebral discs is affected by the osmotic pres-
sure environment and is involved in regulating notochord
cell differentiation and apoptosis [22]. Aquaporin-3 (AQP-
3) is one of the important members of the aquaporin family;
it is expressed in rat and human NP tissues and annulus
fibrosus tissues. Some studies have proven that AQP-3
expression is significantly reduced in degenerated inter-
vertebral discs compared with normal intervertebral disc
[21, 22]. The ERK pathway, one of the important compo-
nents of the MAPK signaling pathway, participates in the
biological processes of various cells. In a study of chon-
drocytes, ERK1/2 plays a role in osmotic pressure-induced
apoptosis, and inhibiting ERK1/2 can increase apoptosis of
NP cells in the osmotic pressure culture of intervertebral disc
organ models [18, 23]. Studies have also found that AQP-3
can activate the ERK1/2 pathway [19]. The purpose of the
current study is to investigate the relationship between
AQP-3 expression and apoptosis in NP cells under different
osmotic pressure environments and to explore the role of
AQP-3 and the ERK1/2 pathway in NP cell apoptosis.

2. Methods

2.1. Disc Harvest and NP Cell Culture. Twenty-five Sprague-
Dawley rats (female, 300-320 g and 12-13 weeks old) were
purchased from the Animal Center of Southwest Hospital
affiliated with the Army Medical University. The animal
care methods were carried out according to the relevant
guidelines [SYXK (YU) 2012-0012] and approved by the
Ethics Committee at Southwest Hospital affiliated with the
Army Medical University. After rats were sacrificed with
excess carbon dioxide inhalation, the lumbar discs were
separated under sterile conditions. Then, the innermost
NP tissue was harvested under a dissecting microscope.
NP cell pellet was obtained after sequential enzymatic
digestion with 0.25% trypsin for 5-10 minutes and 0.25%
Type II collagenase for 10-15 minutes at 37°C. Thereafter,
NP cell pellets were resuspended with DMEM/F12 con-
taining 10% fetal bovine serum (FBS) and 1% penicillin-
streptomycin and were cultured under standard condi-
tions (37°C, 21% O,, and 5% CO,). The passage 2 (P2) NP
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cells were used in this study. The medium osmolarity
levels of 330 mOsm/kg and 550 mOsm/kg were used in
this study and these defined osmolarity levels were ad-
justed with sodium chloride and verified with a freezing-
point osmometer (FM-8P, Shanghai Medical College
Instrument Co. Ltd, China).

2.2. Cell Transfection. Briefly, after NP cells seeded in the 6-
well plate were grown to approximately 50-55% confluence,
NP cells were incubated with the recombinant lentiviral
vectors LV5-AQP-3 (GenePharma, Shanghai, China) for 48
hours to enhance AQP-3 expression (NP-AQP-3). The
control NP cells were transfected with negative vectors (NP-
AQP-3-NC). To further purify the transfected NP cells, all
transfected NP cells were incubated with a culture medium
containing additional puromycin (1 ug/ml) for 5-6 days. The
transfection efficacy was verified by observation under a
fluorescence microscope, real-time PCR, and western blot
assays.

2.3. CCK-8 Assay. NP cell proliferation was measured with a
Cell Counting Kit-8 (CCK-8, Beyotime, China). Briefly,
2x10° cells/well were seeded in a 96-well plate and incu-
bated in a 5% CO, incubator at 37°C with the osmolarity of
330 mOsm/kg and 550 mOsm/kg, and then 20 ul of CCK-8
was added to each well after 12h, 24h, 48h, and 72h, re-
spectively. Next, after incubation for another 2h, the po-
tency of cell proliferation indicated by the absorbance at a
wavelength of 450 nm was detected.

2.4. Flow Cytometry. After being incubated in the osmolarity
of 330 mOsm/kg and 550 mOsm/kg, NP cells were harvested
with 0.25% trypsin without EDTA and washed 3 times with
phosphate buffer solution (PBS). Then, NP cell apoptosis was
evaluated by Annexin V-APC/PI double staining according
to the manufacturer’s instructions (KeyGENBioTECH,
China). NP cells were suspended in binding buffer and
1 x 10° cells were incubated with 5 ul of Annexin V-APC and
10ul of PI at room temperature in the dark for 20 min.
Apoptotic cells were counted by FACS scan flow cytometer
(NovaCyte, US) and the cells were stained as Annexin V(+)/
PI(-) and Annexin V(+)/PI(+) were regarded as apoptotic
cells in this assay.

2.5. Quantitative Real-Time PCR. Total RNA was extracted
from NP cells with TRIzol reagent (Invitrogen, USA)
according to the manufacturer’s instructions. After deter-
minating RNA concentration, extracted RNA was synthe-
sized into cDNA with a reverse transcription kit (Roche,
Switzerland). Subsequently, quantitative real-time PCR was
performed to quantify the mRNA expression levels of Bax,
Bcl-2, caspase-3, and AQP-3 with 40 cycles through a re-
action system containing cDNA, primers (Table 1), and
SYBR Green Mix (Roche, Switzerland). 3-Actin was used as
an internal reference and the relative gene expressions were
calculated as 2744,
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TaBLE 1: Primers of target genes.

Gene Forward (5'-3") Reverse (5'-3")

B-Actin CCGCGAGTACAACCTTCTTG TGACCCATACCCACCATCAC
Bcl-2 GGGGCTACGAGTGGGATACT GACGGTAGCGACGAGAGAAG
Bax GGCGAATTGGCGATGAACTG CCCAGTTGAAGTTGCCGTCT
Caspase-3 GGAGCTTGGAACGCGAAGA ACACAAGCCCATTTCAGGGT
AQP-3 AGAAGGAGTTGATGAACCGTTGCG AACCACAGCCGAACATCACAAGG

2.6. Western Blot. To detect the protein level of apoptosis-
related molecules (Bax, Bcl-2, and cleaved caspase-3) and
AQP-3, a western blot was performed according to the fol-
lowing steps. Total protein was isolated from NP cells using
RIPA lysis buffer with PMSF and phosphatase inhibitor, and
the concentration of the protein sample was measured with a
BCA Protein Quantification kit. The same amount of proteins
in each group was subject to SDS-PAGE and transferred to
PVDF membranes. After being blocked with 5% skimmed
milk at room temperature for 1h, these PVDF membranes
were incubated with primary antibodies (Bax: Proteintech,
60267-1; Bcl-2: Proteintech, 12789-1-AP; cleaved-caspase3:
CST, 9661T; AQP-3: Abcam, ab125219; GAPDH: Proteintein,
60004-1-Ig; B-actin: Proteintein, 60008-1; ERK1/2: Santa
Cruz, sc-292838; p-ERK1/2: Santa Cruz, sc-101761) at 4°C
overnight with a dilution of 1:1000, then washed with TBST
solution 3 times, and incubated with corresponding HRP-
conjugated secondary antibodies (Beyotime, diluted 1:2000)
at room temperature for 2h. Then, protein bands were de-
tected using the enhanced chemiluminescent system.
GAPDH and f-actin were used as the internal reference.

2.7. Immunocytochemistry. To analyze AQP-3 protein ex-
pression difference between 330mOsm/kg culture and
550 mOsm/kgculture, immunocytochemistry staining was
performed on cell slides. NP cells were cultured on cell sides
for 3 days, then fixed with 4% paraformaldehyde for 30 min
at room temperature, and blocked with 5% BSA for 30 min.
The cell sides were incubated with AQP-3 primary antibody
(1:100, Abcam, US) overnight at 4°C. After being washed 3
times, the cell slides were incubated with the HRP-conju-
gated secondary antibody (1 : 200, ZSGB-BIO, China) for 1 h.
Finally, the color development was finished with DAB and
the cell slides were viewed under a microscope (Olympus
EX51).

2.8. Statistical Analysis. All data were expressed as
mean + SD (standard deviation) and SPSS20.0 software was
used for statistical analysis. The difference between two
groups was performed by Student’s ¢-test. The comparison of
multiple groups was performed by one-way analysis of
variance (ANOVA), followed by a post hoc test was de-
termined by LSD test. Values of p <0.05 were considered
statistically significant.

3. Results

3.1. Apoptosis of NP Cells Increased under Culture with
Hyperosmolarity. CCK-8 assay results showed that

compared with NP cells cultured under an osmotic pressure
of 330 mOsm/kg for 12h, 24 h, 48h, and 72h, the prolif-
eration of NP cells cultured under an osmotic pressure of
550 mOsm/kg for the same durations was significantly re-
duced (Figure 1(a)).

Flow cytometry analysis showed that the apoptosis rate
was significantly higher in NP cells at osmotic pressure of
550 mOsm/kg than at 330 mOsm/kg (Figure 1(b)). Mean-
while, western blotting and quantitative PCR results showed
that compared with an osmotic pressure of 330 mOsm/kg,
osmotic pressure of 550 mOsm/kg decreased the mRNA/
protein expression of antiapoptotic molecule Bcl-2 and
increased the mRNA/protein expression of proapoptotic
molecules Bax and cleaved caspase 3/caspase-3 in NP cells
(Figures 2(a) and 2(b)). These results suggest that a high
osmotic pressure condition promotes apoptosis of NP cells.

3.2. AQP-3 Expression in NP Cells Decreased and ERK1/2
Pathway Activity Was Suppressed under a High Osmotic
Pressure  Condition. Immunocytochemical detection of
AQP-3 expression in NP cells under osmotic pressures of
550 mOsm/kg and 330 mOsm/kg showed that, compared to
the AQP-3 expression under an osmotic pressure of
330 mOsm/kg, the AQP-3 expression under 550 mOsm/kg
was significantly reduced (Figure 3(a)). In addition, western
blotting and quantitative PCR results showed that mRNA
and protein expression of AQP-3 in NP cells under an
osmotic pressure of 550 mOsm/kg were also significantly
reduced (Figures 3(b) and 3(c)). These results suggest that a
high osmotic pressure environment reduces AQP-3 ex-
pression in NP cells. In addition, western blot results showed
that, compared to the osmotic pressure of 330 mOsm/kg, the
ratio of p-ERK1/2 to ERK1/2 in NP cells decreased at os-
motic pressure of 550 mOsm/kg, suggesting that the activity
of the ERK1/2 pathway inhibited under a high osmotic
pressure condition (Figure 3(d)).

3.3. Overexpression of AQP-3 Alleviated Apoptosis of NP Cells
in a High Osmotic Pressure Environment. Verification of the
efficacy of AQP-3 overexpression in NP cells showed that
after transfection with a lentivirus overexpressing AQP-3
(NP-AQP-3), the mRNA and protein levels of AQP-3 were
significantly higher than those in NP cells transfected with
the negative control lentivirus (NP-AQP-3-NC) and NP cells
in the blank control group (NP-CN). Furthermore, there was
no statistically significant difference in the expression levels
of AQP-3 mRNA and protein between NP cells transfected
with negative control lentivirus (NP-AQP-3-NC) and NP
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FiGURre 1: Hyperosmolarity inhibited NP cell proliferation and promoted NP cell apoptosis. (a) The proliferation of rat NP cells detected by
CCK-8. (b) Flow cytometry analysis of cell apoptosis rate under different osmotic pressures (330 mOsm/kg and 550 mOsm/kg). Data are
expressed as mean + SD. (A) indicates a significant difference (p <0.05) when compared with 330 mOsm/kg.

cells in the blank control group (NP-CN) (Figures 4(a) and
4(b)).

To observe the change in the activity of the ERK1/2
pathway after AQP-3 overexpression, we further detected
protein expression of p-ERK1/2 and ERK1/2 under different
osmotic pressure cultures. The western blotting showed that
the ratio of p-ERK1/2 to ERK1/2 was promoted in NP-AQP-
3 cultured in 550mOsm/kg compared with NP-CN
(Figure 5(a)). Flow cytometry analysis showed that, com-
pared with the apoptosis rate of NP-AQP-3-NC, the apo-
ptosis rate of NP-AQP-3 decreased under an osmotic
pressure of 550 mOsm/kg. The western blotting and quan-
titative PCR results showed that the expression of the
antiapoptotic molecule Bcl-2 in NP cells increased, while the
expression of proapoptotic molecules Bax and cleaved
caspase-3/caspase-3 decreased under an osmotic pressure of
550 mOsm/kg. However, compared with the apoptosis rate
under an osmotic pressure of 330 mOsm/kg, the apoptosis
rate of NP cells significantly increased, the expression of the
antiapoptotic molecule Bcl-2 decreased, and the expression
of proapoptotic molecules Bax and cleaved caspase-3/cas-
pase-3 increased under an osmotic pressure condition of
550 mOsm/kg in NP-AQP-3 cells (Figures 5(b)-5(d)).

3.4. Apoptosis of AQP-3-Overexpressed NP Cells Increased
after Inhibition of the ERK1/2 Pathway. Under an osmotic
pressure of 550 mOsm/kg, the ERK1/2 pathway inhibitor
U0126 was added to observe the apoptosis of NP cells
after inhibition of the ERK1/2 pathway. Flow cytometric
analysis showed that the apoptosis rate was higher in NP-
AQP-3+U0126 cells than that in the NP-AQP-3 group
when both of them were cultured under an osmotic
pressure of 550 mOsm/kg (Figure 6(a)). The western
blotting and quantitative PCR results showed that the
expression of the antiapoptotic molecule Bcl-2 in NP
cells decreased, while the expression of proapoptotic
molecules Bax and cleaved caspase-3/caspase-3 increased
after inhibition of the ERK1/2 pathway (Figures 6(b) and
6(c)). Moreover, compared with the NP-CN+U0126
group, the apoptosis rate of NP cells was significantly
decreased, the expression of the antiapoptotic molecule
Bcl-2 was increased, and the expression of proapoptotic
molecules Bax and cleaved caspase-3/caspase-3 was de-
creased in the NP-AQP-3 + U0126 group under an os-
motic pressure of 550 mOsm/kg, indicating that AQP-3
overexpression  has  certain  protective  effects
(Figures 6(a)-6(c)).
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FiGure 2: Hyperosmolarity increased the expression of proapoptosis molecules (Bax and caspase-3/cleaved caspase-3) and decreased the
expression of antiapoptosis molecules (Bcl-2). (a,b) Real-time PCR and western blotting analysis of proapoptosis (Bax and caspase-3/cleaved
caspase-3) and antiapoptosis (Bcl-2) molecules under different osmotic pressures (330 mOsm/kg and 550 mOsm/kg), respectively. Data are
expressed as mean + SD. (A) indicates a significant difference (p <0.05) when compared with 330 mOsm/kg.

4. Discussion

Intervertebral disc degeneration is one of the main causes
of LBP. An intervertebral disc consists of three parts,
namely, the cartilaginous endplates, the annulus fibrosus,
and the NP. Intervertebral disc degeneration occurs due to
age, heredity, spinal biomechanics, diabetes, and autoim-
munity [24]. The degeneration of the NP tissue mainly
manifests by apoptosis and aging of NP cells, reduced
synthesis and increased decomposition of the extracellular
matrix, and microenvironment changes [25]. Previous
studies have reported that high osmotic pressure of
550 mOsm/kg can cause apoptosis-like pathological
changes, such as nuclear debris, chromatin condensation,
and organelle destruction, while an osmotic pressure en-
vironment of 450 mOsm/kg, which is close to the in situ
osmotic pressure of the NP tissue, has little influence on the
apoptosis of NP cells [18]. Some studies have pointed out
that ERK1/2 is involved in the apoptosis of NP cells and
that inhibiting the ERK1/2 signaling pathway in these cells
will increase the apoptosis rate; it has also been suggested
that AQP-3 can activate the ERK1/2 signaling pathway
[18].

In this study, we mainly observed the apoptosis of NP
cells and the expression of AQP-3 in different osmotic
pressure environments and investigated whether AQP-3
participates in the apoptosis of NP cells induced by high
osmotic pressure and the role of the ERK1/2 signaling
pathway therein. The results of this study showed that a high
osmotic pressure significantly promoted the apoptosis of NP
cells, reduced the expression of AQP-3, and suppressed
ERK1/2 activity. However, AQP-3 overexpression could
alleviate apoptosis of NP cells in a high osmotic pressure
environment, and apoptosis was increased when the ERK1/2
signaling pathway of cells overexpressing AQP-3 was
inhibited. AQP-3, a transmembrane transport protein,
carries out water molecule transport by means of an osmotic
pressure gradient across the cell membrane [26]. Previous
studies have pointed out that AQP-3 plays a role in regu-
lating the apoptosis of certain cells. In recent years, it has
been confirmed that AQP-3 could transport H,O, in ker-
atinocytes to accelerate the progression of psoriasis [27].
H,O, could induce oxidative stress, thereby leading to ap-
optosis of NP cells, and the overexpression of AQP-3 could
alleviate H,O,-induced apoptosis of rat NP cells [28]. The
expression of AQP-3 in NP tissue cells of degenerated
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FIGURE 3: Hyperosmolarity decreased AQP-3 expression and inhibited activation of ERK1/2 signaling in NP cells. (a) Immunocytochemical
detection of AQP-3 expression of NP cells under different osmotic pressures (330 mOsm/kg and 550 mOsm/kg). (b, c) Real-time PCR and
western blotting analysis of AQP3 expression under different osmolarity (330 mOsm/kg and 550 mOsm/kg), respectively. (d) Western
blotting analysis of ERK1/2 activation under different osmotic pressures (330 mOsm/kg and 550 mOsm/kg). Data are expressed as
mean + SD. (A) indicates a significant difference (p <0.05) when compared with 330 mOsm/kg.

human intervertebral discs is significantly lower than that in
NP tissue of normal human intervertebral discs [29]. The
above research reports suggest that AQP-3 is closely asso-
ciated with disc NP cell apoptosis.

Our results showed that in the high osmotic pressure
environment, the proliferation of NP cells decreased, and the
apoptosis increased, as determined by flow cytometry
analysis, real-time PCR, and western blot. In previous
studies conducted in porcine intervertebral disc organ
culture models, our research group also found that the high
osmotic pressure environment could reduce the matrix
synthesis of NP cells and promote their apoptosis [17].
Similarly, the results of a study by Jiao S et al. are consistent
with those of this study, even though 430 mOsm/kg was
selected as the osmotic pressure for the control group in
their experiments [30]. In this study, we also found that the
AQP-3 gene and protein levels in NP cells in a high osmotic
pressure environment were significantly reduced. We
speculated that this decrease in AQP-3 expression may be
related to the apoptosis of NP cells. Previously, Palacio-
Manchenoet al. found that after intervertebral discs of

C57BL/6 mice were cultured in a hypertonic environment
for 14 days, the expression of AQP-3 in notochord cells was
upregulated [21], which is inconsistent with the results of
this study. Since notochord cells are different from NP cells
with respect to sensitivity to osmotic pressure, we speculate
that the different cell types used in the studies might lead to
different results, but this needs to be verified via further
comparative experiments. To investigate whether AQP-3
expression is related to the apoptosis of NP cells under a high
osmotic pressure environment, we further generated NP
cells overexpressing AQP-3 using a lentivirus with low
cytotoxicity and high expression. The results showed that
under 550 mOsm/kg, the apoptosis of NP cells was alleviated
after AQP-3 overexpression through experiments of flow
cytometry, real-time PCR, and western blotting. These re-
sults further demonstrated that in a hyperosmolarity envi-
ronment, the apoptosis of NP cells is closely related to the
downregulation of AQP-3 expression, and AQP-3 over-
expression in these cells can reduce apoptosis in a hyper-
osmolarity environment. To further observe the effect of the
ERK1/2 pathway, we added U0126 to inhibit ERK1/2
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F1GURE 6: Inhibition of the ERK1/2 pathway promoted apoptosis of AQP-3 overexpressed NP cells under hyper-osmolarity. (a) Flow cytometry analysis of
cell apoptosis rate under hyperosmolarity. (b) and (c): real-time PCR and western blotting analysis of proapoptosis (Bax and caspase-3/cleaved caspase-3)
and antiapoptosis (Bcl-2) molecules under a hyperosmolarity, respectively. NP-AQP-3 + 550: AQP3 overexpressed NP cells cultured in 550 mOsm/kg;
NP-AQP-3 + 550 + U0126: AQP3 overexpressed NP cells cultured in 550 mOsm/kg medium containing U0126; NP-CN + 550 + U0126: NP cells without
transfection (NP-CN) cultured in 550 mOsm/kg medium containing U0126. (A) indicates a significant difference (p < 0.05) when compared with the
group of NP-AQP-3 +550. (B) indicates a significant difference (p < 0.05) when compared with the group of NP-AQP-3 + 550 + U0126.
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This study also has several limitations. First, this is an in
vitro study that investigated the protective effects of AQP-3
on high-osmolarity-induced NP cell apoptosis. If these re-
sults are further validated using an in vivo animal model, our
study will be improved to a great extent. Second, the rat NP
tissue contains NP cells and notochordal cells. Due to the
uncertain cellular markers to distinguish NP cells from
notochordal cells, researchers cannot assure that there are
not any notochordal cells that exist in the NP cells, which are
isolated using a routine cell isolation method. In the future,
identification of some specific NP cell markers is helpful to
obtain pure NP cells, which will avoid some interference
caused by the existence of notochordal cells.

5. Conclusion

In this study, we observed the apoptosis of NP cells and the
AQP-3 expression in different osmotic pressure environ-
ments and explored the specific mechanism by which AQP-3
influences a hyperosmotic stress-induced apoptosis in NP
cells. Based on the results of this study, we can conclude the
following: hyperosmolarity can significantly promote apo-
ptosis of NP cells and reduce the expression of AQP-3;
enhancing the expression of AQP-3 in NP cells can alleviate
NP cell apoptosis under a hyperosmolarity environment,
whereas inhibition of the ERK1/2 pathway partly attenuated
the protective effects of AQP-3 against a hyperosmotic
stress-induced NP cell apoptosis. This study has revealed the
role of AQP-3 in NP cell apoptosis-mediated by a hyper-
osmolarity environment, which lays a theoretical foundation
for further understanding the role of AQP-3 in IDD.
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Objective. Although low-dose ketamine has been shown to be generally beneficial in terms of pain control in a variety of major
surgery, there is no consensus regarding the effectiveness of supplemental ketamine analgesic use exclusively in spine surgery. The
objective of this systematic review and meta-analysis of randomized controlled trials (RCTs) was to assess the efficacy and safety of
perioperative low-dose ketamine for pain management and analgesic consumption in patients undergoing spine surgery.
Methods. A comprehensive literature search was performed for relevant studies using PubMed, EMBASE, Web of Science, and
Cochrane Library. Patients who received perioperative low-dose ketamine were compared to the control group in terms of
postoperative pain intensity, opioid consumption, and adverse events. Patients were further categorized by ages and admin-
istration times for subgroup analysis. Results. A total of 30 RCTs comprising 1,865 patients undergoing elective spine surgery were
included. Significantly lower pain intensity and less opioid consumption at 12h, 24h, and 48 h postoperatively and lower in-
cidence of postoperative nausea and vomiting (PONV) were observed in the ketamine group (all P <0.05). There was no
significant difference of central nervous system (CNS) adverse events between groups. However, different efficacy of low-dose
ketamine was detected when patients were categorized by ages and administration times. Conclusion. Perioperative low-dose
ketamine demonstrated analgesic and morphine-sparing effect with no increased adverse events after spine surgery. However, this
effect was not significant in pediatric patients. Only postoperative or intraoperative and postoperative administration could
prolong the analgesic time up to 48 h postoperatively. Further studies should focus on the optimal protocol of ketamine ad-
ministration and its effect on old age participants.

1. Introduction

The postoperative pain is excessively difficult to manage-
ment for patients undergoing various orthopedic surgery,
particularly in spine surgery [1]. Inadequate postoperative
pain control after spine surgery could impact patient well-
being and rehabilitation, which remains a major clinical
challenge for both spine surgeons and anesthesiologists [2].

It has been reported that spinal surgical procedures,
especially in spinal fusion, always necessitate substantial
pain control in the perioperative period [3]. To achieve
satisfactory pain management, opioids have been the
mainstay of analgesia after various spine surgery [4].
However, opioid-related adverse effects, including nausea

and vomiting, pruritus, hallucination, nightmare, cardio-
vascular events, and even respiratory depression, fre-
quently occurred in patients. [5-7] Also, the development
of opioid-induced hyperalgesia (OIH) and/or acute opioid
tolerance could consequently increase the postoperative
opioid consumption and prolonged opioid-dependence
that contribute substantially to the current opioid epidemic
(8, 9].

Multimodal analgesia, which could achieve better
postoperative pain control and reduce the need of opioid
with concomitant reduction of opioid-related side effects
through additive or synergistic effects of various nonopioids,
has been widely reported as the leading principle of pain
management after spine surgery [10-12]. Thus, finding
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optimal components of multimodal analgesia is of para-
mount importance.

Ketamine, a nonselective antagonist of N-methyl-D-
aspartate (NMDA) receptor, has been proposed as a com-
ponent of multimodal analgesia for various surgical pro-
cedures, as it could inhabit the pathway of central
sensitization and secondary postoperative hyperalgesia [13].
At subanesthetic doses, ketamine is effective as an adjuvant
medication to standard regimen of opioids, demonstrating
prominent analgesic effect and opioid-sparing effect, with no
unwanted side effects of the drug [14].

Although low-dose ketamine has been shown to be gen-
erally beneficial in terms of pain control in a variety of major
surgery, there is no consensus regarding the effectiveness of
supplemental ketamine analgesic use exclusively in spine
surgery. Also, it is unclear how the ages of patients and ad-
ministration time affect the effectiveness of ketamine in pain
mitigating. The objective of this systematic review and meta-
analysis of randomized controlled trials (RCTs) was to assess
the efficacy and safety of perioperative low-dose ketamine for
pain management and analgesic consumption in patients
undergoing spine surgery.

2. Materials and Methods

This study was designed according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines and registered with PROSPERO (ID:
CRD42021238943) [15, 16]. As the data involved in this
study are anonymized and freely available in the public
domain, in which informed consent has already been ob-
tained at the time of original data collection, this study is
exempt from ethical approval.

2.1. Search Strategy. The PubMed, EMBASE, Web of Science,
and Cochrane Library database were searched using the fol-
lowing terms: (Ketamine) AND (((((((((microdiscectomy) OR
(discectomy)) OR (spine)) OR (spinal)) OR (scoliosis)) OR
(disc)) OR (disk)) OR (lumbar)) OR (thoracic)).

The literature search was last updated on August 01,
2021. Two reviewers (L.Z. and H.Y.) independently screened
the titles and abstracts, and any arising differences were
settled by a discussion with a third party (Y.C.).

2.2. Inclusion Criteria

2.2.1. Participants. Participants undergoing elective spine
surgery were included in this study. We categorized par-
ticipants as pediatric (10 to 17years of age) and adult
(=18 years of age).

2.2.2. Interventions. Patients received low-dose ketamine as
(1) An intravenous (IV) bolus dose of 0.1-0.5 mg/kg
intraoperatively

(2) A continuous  intravenous  infusion of
1.0-10.0 ugkg 'min~" intraoperatively and termi-
nated in 48 h after surgery
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(3) A dose of 0.1-1.0mg/ml in intravenous patient-
controlled analgesia (IV-PCA) devices
postoperatively

(4) Combination of an IV bolus, an infusion, and IV-
PCA devices

Ketamine in combination with a basic analgesic regimen
was acceptable if such interventions were administered in a
same way to both intervention and control groups.

2.2.3. Control. Control individuals comprise those who
were administered an IV bolus, a continuous intravenous
infusion, or IV-PCA of placebo or basic analgesic alone.

2.2.4. Outcome Measures. (1) Primary Outcomes.

(1) Pain intensity at rest and during mobilization using
the Numerical Rating Scale (NRS) or Visual Ana-
logue Scale (VAS) at 6h, 12h, 24h, and 48h
postoperatively

(2) Cumulative consumption of opioids in milligrams of
morphine equivalents in the first 12h, 24 h, and 48 h
postoperatively, administrated by IV-PCA devices or
as rescue medication

(2) Secondary Outcomes.

(1) Time to first request for analgesia (trigger of IV-
PCA) after surgery

(2) The incidence of postoperative central nervous
system (CNS) adverse events and postoperative
nausea and vomiting (PONV)

2.2.5. Study Design. Only the studies that described a
prospective RCT were included.

2.3. Exclusion Criteria. Studies that met any of the following
exclusion criteria were excluded: (1) patients not undergoing
general anesthesia; (2) postoperative pain intensity or
consumption of opioids was not reported; (3) reviews, case
reports, and animal research; (4) duplicated publications; or
(5) articles not published in English.

2.4. Assessment of Study Quality. The study quality was
assessed independently by two reviewers (L.Z. and H.Y.)
according to the Cochrane Handbook version 5.2.0 [17]. The
specific contents of the assessment included random sequence
generation, allocation of concealment, blinding, incomplete
outcome data, selective outcome reporting, and other bias.

The level of certainty for the results was evaluated using
the guidelines of the Recommendations, Assessment, De-
velopment, and Evaluation (GRADE) system [18]. The five
domains included risk of bias, inconsistency, indirectness,
imprecision, and publication bias. The level of certainty was
graded using GRADEpro GDT online tool [19].
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2.5. Data Extraction. Data extraction was performed by two
reviewers independently (H.Y. and J.L.). The following study
characteristics were recorded: demographic information,
general anesthetic, bolus dosage, infusion dosage, timing of
ketamine administration, interventions of control group,
and primary postoperative analgesic. Continuous outcomes
included pain intensity, cumulative consumption of opioids,
and the time from end of surgery to first request for analgesia
or first trigger of IV-PCA. Dichotomous outcomes included
the postoperative CNS adverse events and PONV. Outcomes
reported by at least five studies would be analyzed. The
graphed data were interpolated using the tool
WebPlotDigitizer.

2.6. Data Normalization. Extracted data were normalized
prior to analysis. Pain intensity was assessed using various
pain scores (0 =no pain) by the included studies, including
Visual Analogue Scale (VAS) of 0 to 10, a Numerical Rating
Scale (NRS) of 0 to 10, or a Verbal Rating Scale (VRS) of 0 to
5. We multiplied each pain score by 10 or 25 to convert them
toa VAS of 0 to 100 [20]. Opioid for postoperative analgesia
was administered as morphine, fentanyl, oxycodone, or
hydromorphone in the included studies. Therefore, we
converted the postoperative opioid consumption to mor-
phine equivalents using conversion equations, such as 100:1
for IV fentanyl:IV morphine, 2:3 for IV oxycodone:IV
morphine, 1:5 for IV hydromorphone:IV morphine, and 1:2
for IV methadone:IV morphine [21, 22]. For studies that
reported opioid consumption over select time periods (e.g.,
0-24h, 24-48h), the mean of cumulative opioid con-
sumption was calculated, and the standard deviations were
estimated according to the Cochrane Handbook.

2.7. Data Synthesis and Statistical Analysis. For studies with
multiple treatment arms, the arms that involved an inter-
vention not defined by the inclusion criteria would be ex-
cluded, and the data in other arms would be combined to
create a single pair-wise comparison as described by. All
statistical analysis was performed using Stata 15.1. For
continuous outcomes, the weighted mean difference
(WMD) was utilized for estimating effect. The effect measure
of dichotomous outcomes was displayed as a risk ratio (RR).
Statistical heterogeneity among studies was evaluated using
the I-square test and Cochran’s Q test. If the I” value was less
than 50% and the P value was greater than 0.10, the fixed-
effects model was performed; if the I” value was greater than
50% or the P value was less than 0.10, the random-effects
model would be used.

2.8. Subgroup Analysis. The included studies were catego-
rized for subgroup analysis:

(1) By ages: pediatric spine surgery vs. adult spine
surgery

(2) By administration times of ketamine: intraoperatively
(intragroup) vs. postoperatively (postgroup) vs.

intraoperatively and postoperatively (intragroup
+ postgroup)

We restricted the subgroup analysis to the primary
outcome and adverse events. Each subgroup should include
at least two studies. Subgroup analysis by administration
times was only performed for studies about adult spine
surgery. The results of subgroup analysis were available in
Supplementary Materials.

2.9. Assessment of Publication Bias. Potential publication
bias was assessed by the application of Egger’s test at the P
value less than 0.10 level of significance. If publication bias
was indicated, we further evaluated the number of missing
studies in this meta-analysis by the application of the trim
and fill method and recalculated the pooled WMD or RR
with the addition of those missing studies [23].

3. Results

3.1. Study Selection. The systematic search yielded 6,252
articles, of which 3172 were duplicates. 3,038 studies were
excluded by screening the title and abstract, and 12 studies
were reasonably considered improper after full-text
reviewing. Eventually, 30 studies were finally included in this
meta-analysis (Figure 1) [24-53].

3.2. Characteristics of Included Studies. A total of 30 ran-
domized controlled trials comprising 1,865 patients un-
dergoing elective spine surgery were included. Of the
patients, 1,006 cases were treated with perioperative low-
dose ketamine, and 859 cases were administrated with
placebo or basic analgesic alone. The characteristics of the
included studies were demonstrated in Table 1. The baseline
characteristics of the two groups were matched.

3.3. Quality Assessment of the Selected Studies. The majority
of the studies had a “low risk” or an “unclear risk” assess-
ment according to the Cochrane Handbook. The pooled
risks of bias is presented in Figures 2(a) and 2(b).

3.4. Postoperative Pain Intensity

3.4.1. Pain Intensity at Rest at 6 h Postoperatively. A total of
16 studies reported the pain intensity at rest at 6h postop-
eratively. Significant heterogeneity was detected (I” =94.6%,
P <0.001). The 16 studies included 587 patients in the ket-
amine group and 457 patients in the control group. The
pooled results revealed significantly lower pain scores at rest
at 6 h postoperatively in the ketamine than the control group
(WMD, -8.93; 95% CI —-13.80 to —4.06, P <0.001, GRA-
DE =moderate) (Figure 3(a)).

3.4.2. Pain Intensity at Rest at 12 h Postoperatively. A total of
13 studies reported the pain intensity at rest at 12h post-
operatively. ~ Significant heterogeneity was detected
(I* =95.1%, P <0.001). The 14 studies included 350 patients
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F1Gure 1: Flow diagram depicting the literature review, search strategy, and selection process.

in the ketamine group and 353 patients in the control group.
The pooled results revealed significantly lower pain scores at
rest at 12 h postoperatively in the ketamine than the control
group (WMD, —8.04; 95% CI —13.69 to —2.39, P = 0.005,
GRADE =moderate) (Figure 3(b)).

3.4.3. Pain Intensity at Rest at 24 h Postoperatively. A total of
25 studies reported the pain intensity at rest at 24h post-
operatively.  Significant heterogeneity ~was  detected
(FF=70.7%, P < 0.001). The 25 studies included 907 patients in
the ketamine group and 759 patients in the control group. The
pooled results revealed significantly lower pain scores at rest
at 24 h postoperatively in the ketamine than the control group
(WMD, -10.01; 95% CI —13.09 to —6.93, P <0.001, GRA-
DE =moderate) (Figure 3(c)).

3.4.4. Pain Intensity at Rest at 48 h Postoperatively. A total of
16 studies reported the pain intensity at rest at 48 h post-
operatively.  Significant heterogeneity was detected
(I* =56.1%, P = 0.003). The 16 studies included 565 patients
in the ketamine group and 474 patients in the control group.
The pooled results revealed significantly lower pain scores at
rest at 48 h postoperatively in the ketamine than the control
group (WMD, —4.63; 95% CI -8.34 to —-0.92, P = 0.014,
GRADE = moderate) (Figure 3(d)).

3.4.5. Pain Intensity during Mobilization at 6 h Postoperatively.
A total of 9 studies reported the pain intensity during
mobilization at 6 h postoperatively. Significant heterogeneity
was detected (I* = 44.0%, P = 0.075). The 9 studies included
239 patients in the ketamine group and 227 patients in the
control group. The pooled results revealed significantly
lower pain scores during mobilization at 6 h postoperatively
in the ketamine than the control group (WMD, —5.48; 95%
CI -9.21 to —-1.75, P = 0.004, GRADE =low) (Figure 4(a)).

3.4.6. Pain Intensity during Mobilization at 12 h Postoperatively.
A total of 8 studies reported the pain intensity during
mobilization at 12h postoperatively. Significant hetero-
geneity was detected (I>=87.5%, P<0.001). The 8 studies
included 204 patients in the ketamine group and 210
patients in the control group. The pooled results revealed
no significant difference in pain scores during mobili-
zation at 12h postoperatively between groups (WMD,
—-7.22; 95% CI -16.44 to 2.01, P = 0.125, GRADE =low)
(Figure 4(b)).

3.4.7. Pain Intensity during Mobilization at 24 h Postoperatively.
A total of 14 studies reported the pain intensity during
mobilization at 24h postoperatively. Significant heteroge-
neity was detected (I*=81.7%, P<0.001). The 14 studies
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FIGURE 2: Risk of bias. (a) A summary table of each risk of bias item for each study; (b) a plot of the distribution of each risk of bias item. “+”:
low risk of bias; “?”: unclear risk of bias; “-~”: high risk of bias.

included 425 patients in the ketamine group and 402 pa-  postoperatively in the ketamine than the control group
tients in the control group. The pooled results revealed = (WMD, —6.72; 95% CI -12.02 to —1.43, P <0.001, GRA-
significantly lower pain scores during mobilization at 24h ~ DE =moderate) (Figure 4(c)).
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Study ID WMD (95% CI) % Weight
T
Engelhardt 2008 R 9.00 (-5.77,23.77) 475
Moustafa 2008 : —t—— 2.00 (-5.51,9.51) 7.02
1
Subramaniam 2011 : -6.00 (-25.38, 13.38) 3.61
Abrishamkar 2012 * : -17.50 (-18.30, -16.70) 8.40
1
Hadi 2013 —0—: -12.30 (-15.75, -8.85) 8.08
Kim 2013 —:—0—— -4.40 (-16.82, 8.02 5.44
I
Song 2013 —:—0-— -1.00 (-13.35, 11.35) 5.47
Minoshima 2015 —:—0—— -7.00 (-19.05, 5.05) 5.56
I
Garg 2016 —_— : -35.90 (-44.04, -27.76) 6.82
Mitra 2017 N S S — 20.70 (-14.66, 13.26) 4.98
Nielsen 2017 : - -4.00 (-5.72, -2.28) 8.34
I
Perello 2017 —:—-0— 1.70 (-14.90, 18.30) 4.26
Boenigk 2018 — ~10.50 (~18.72, ~2.28) 6.79
I
Brinck 2020 B -15.10 (-26.83, -3.37) 5.66
1
Brinck 2021 —— ~8.90 (-14.62, -3.18) 7.55
Nikoubakht 2021 —0—: -15.80 (-22.53, -9.07) 7.26
Overall (12 =94.6%, p = 0.000) <> -8.93 (-13.80, -4.06) 100.00
I
I
NOTE: Weights are from random effects analysis 1
T T
-44 0 44
(a)
Study ID WMD (95% CI) % Weight
1
Engelhardt 2008 : 7.30 (-8.18, 22.78) 5.87
|
Moustafa 2008 : B 2.00 (-6.46, 10.46) 8.50
Subramaniam 2011 : -6.00 (-26.77, 14.77) 4.34
|
Abrishamkar 2012 * : -15.60 (~16.30, -14.90) 10.48
|
Hadi 2013 —0—: -12.60 (-16.77, -8.43) 9.93
Song 2013 : * -3.00 (-15.96, 9.96) 6.76
|
Minoshima 2015 : —————— 0.00 (-12.05, 12.05) 7.11
I
Garg 2016 —— : -21.70 (-32.18, -11.22) 7.71
Mitra 2017 R SE— ~7.80 (~18.07, 2.47) 7.80
I
Nielsen 2017 : - -1.20 (-3.03, 0.63) 10.38
I
Perello 2017 ; -6.80 (-31.17,17.57) 3.55
Boenigk 2018 + -8.10 (-16.49, 0.29) 8.52
I
Nikoubakht 2021 —_—— : -21.60 (-28.61, -14.59) 9.04
Overall (P = 95.1%, p = 0.000) <> -8.04 (~13.69, -2.39) 100.00
I
I
NOTE: Weights are from random effects analysis !
T T
-32.2 0 322
(b)

FiGgure 3: Continued.
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Study ID WMD (95% CI) 9% Weight
T
Javery 1996 ——! -22.00 (-31.71, -12.29) 4.12
Engelhardt 2008 — 2.60 (~16.20, 21.40) 1.94
Moustafa 2008 —— ~13.30(-25.45, -1.15) 3.34
Urban 2008 —_— ~19.00 (-35.00, -3.00) 2.42
Loftus 2010 e ~2.00 (~11.90, 7.90) 4.05
S i *> -6.00 (-26. 3 K
ubramaniam 2011 . 6.00 (~26.77, 14.77) 1.67
Abrishamkar 2012 —— -18.10 (-21.03, -15.17) 6.56
Pacreu 2012 S ~11.20 (-27.99, 5.59) 2.27
Yeom 2012 — ~15.00 (-27.71, ~2.29) 3.19
Hadi 2013 o -16.00 (~19.60, —12.40) 6.37
Kim 2013 — -9.90 (~22.05, 2.25) 3.34
Song 2013 —— 2.00 (~7.30, 11.30) 426
Pestieau 2014 — -6.50 (~17.97, 4.97) 3.54
Minoshima 2015 — ~7.00 (~19.43, 5.43) 3.26
Garg 2016 —— ~17.50 (-25.29, -9.71) 4.82
Mitra 2017 e -6.40 (~19.70, 6.90) 3.03
Nielsen 2017 e -2.00 (-8.31,4.31) 5.39
Perello 2017 : . 23.20 (-3.34, 49.74) 113
Boenigk 2018 —— -7.60 (~15.12, -0.08) 492
Czarnetzki 2019 -:—0—— -3.40 (-10.48, 3.68) 5.09
Brinck 2020 —— ~15.00 (-24.11, -5.89) 433
Andleeb 2021 —e— -2.50 (=9.36, 4.36) 5.18
Brinck 2021 — e -8.70 (~16.92, -0.48) 4.66
Murphy 2021 T ~13.30 (~17.56, -9.04) 6.15
Nikoubakht 2021 — -20.00 (-27.42, -12.58) 4.96
Overall (P = 70.7%, p = 0.000) <> 21001 (-13.09, 6.93) 100.00
NOTE: Weight are from random effects analysis :
T T
-49.7 0 49.7
(c)
Study ID WMD (95% CI) % Weight
Engelhardt 2008 : > 3.70 (~7.90, 15.30) 5.61
1
Urban 2008 e -3.00 (~23.40, 17.40) 2.61
Loftus 2010 e 1.00 (-7.35, 9.35) 7.62
Subramaniam 2011 :l -5.00 (-22.24, 12.24) 3.37
1
Pacreu 2012 — ! ~16.70 (-22.66, —10.74) 9.40
Yeom 2012 « = ~18.00 (-29.06, —6.94) 5.90
1
Kim 2013 . ~5.00 (~16.33, 6.33) 5.75
Song 2013 —t 2.00 (-6.12,10.12) 7.78
I
Pestieau 2014 - -6.70 (~17.94, 4.54) 5.80
Minoshima 2015 — e ~3.00 (~11.84, 5.84) 7.28
Garg 2016 > ; ~12.50 (-24.92, -0.08) 5.19
]
Perello 2017 : . 4.40 (~15.16, 23.96) 2.79
Czarnetzki 2019 —:—0—— -1.00 (-8.08, 6.08) 8.55
I
i ————— X —6. . X
Brinck 2020 - 5.00 (-6.24, 16.24) 5.80
Ricciardelli 2020 - ~7.30 (~17.26, 2.66) 6.55
|
Murphy 2021 —— -5.00 (~10.19, 0.19) 9.98
Overall (I* = 56.1%, p = 0.003) <> -4.63 (-8.34, -0.92) 100.00
|
I
NOTE: Weights are from random effects analysis !
T T

-29.1

29.1

(d)

FIGURE 3: Forest plot of the pain intensity at rest for the ketamine group and control group. (a) 6h; (b) 12h; (c) 24h; (d) 48h.

heterogeneity was detected (I”=43.3%, P <0.054). The 12
studies included 338 patients in the ketamine group and 316
patients in the control group. The pooled results revealed

3.4.8. Pain Intensity during Mobilization at 48 h Postoperatively.
A total of 12 studies reported the pain intensity during
mobilization at 48h  postoperatively.  Significant



10

Pain Research and Management

Study ID WMD (95% CI) % Weight
T
Aveline 2006 —Q—i -10.00 (-13.77, -6.23) 27.24
Engelhardt 2008 E - 2.70 (-10.44, 15.84) 6.64
Subramaniam 2011 E: -5.00 (-24.79, 14.79) 3.24
Kim 2013 —.I—— -5.90 (-16.53, 4.73) 9.28
|
Song 2013 —i—o— -2.00 (-14.32,10.32) 7.37
Minoshima 2015 : ~11.00 (-28.51, 6.51) 4.05
Mitra 2017 i -13.60 (-29.22, 2.02) 4.95
Nielsen 2017 5—0— -3.40 (-5.15, -1.65) 34.82
Perello 2017 i 9.30 (-14.00, 32.60) 2.40
1
Overall (P = 44.0%, p = 0.075) <> -5.48 (-9.21,-1.75) 100.00
i
NOTE: Weights are from random effects analysis ;
—3I2.6 0 32I.6
(@
Study ID WMD (95% CI) 9% Weight
T
Aveline 2006 — i -20.30 (-26.32, -14.28) 16.01
Engelhardt 2008 i 7.30 (-7.72,22.32) 11.81
|
Subramaniam 2011 ; 2.00 (-19.19, 23.19) 9.01
Song 2013 —E—O—— -4.00 (-16.04, 8.04) 13.29
Minoshima 2015 —OE—— -9.00 (-20.76, 2.76) 13.43
1
Mitra 2017 E -20.80 (-35.73, -5.87) 11.85
Nielsen 2017 i T 1.10 (-0.66, 2.86) 17.07
Perello 2017 E -13.20 (-38.39, 11.99) 7.53
]
Overall (P = 87.5%, p = 0.000) <i>> -7.22 (-16.44,2.01) 100.00
i
NOTE: Weights are from random effects analysis |
T : T
-38.4 0 38.4
(®)

FiGure 4: Continued.
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Study ID WMD (95% CI) % Weight
Aveline 2006 —0—5 -10.30 (-13.78, -6.82) 11.79
Engelhardt 2008 i —_—1 7.80 (-3.95, 19.55) 7.71
Urban 2008 - I ~24.00 (~44.40, -3.60) 437
Subramaniam 2011 i * -4.00 (-23.94, 15.94) 4.50
Pacreu 2012 - : -9.20 (-39.17, 20.77) 2.49
Kim 2013 —0+ -12.60 (-25.25, 0.05) 7.27
Song 2013 —%—0—— -2.00 (-13.93,9.93) 7.62
Pestieau 2014 P -6.00 (-21.73,9.73) 593
Minoshima 2015 —0—;—— -10.00 (-22.12, 2.12) 7.52
Mitra 2017 —0—l -22.60 (-38.71, -6.49) 5.78
Nielsen 2017 i - -1.30 (-3.09, 0.49) 12.25
Perello 2017 i 24.00 (-0.94, 48.94) 3.31
Czarnetzki 2019 F—Q— 3.30 (-6.70, 13.30) 8.61
Murphy 2021 — i -19.20 (-24.87, -13.53) 10.87
Overall ( = 81.7%, p = 0.000) <> 2672 (~12.02, ~1.43) 100.00
|
NOTE: Weights are from random effects analysis 3
—4I8.9 0 48I.9
()
Study ID WMD (95% CI) % Weight
T
Aveline 2006 —— -6.30 (-8.62, -3.98) 23.17
Engelhardt 2008 —i—-’— 1.90 (-12.72, 16.52) 6.07
Urban 2008 i -6.00 (-23.89, 11.89) 441
Subramaniam 2011 - i -7.00 (-26.79, 12.79) 3.72
Pacreu 2012 : * 17.50 (-8.39, 43.39) 2.32
Kim 2013 —0—%—— -9.00 (~19.88, 1.88) 9.17
Song 2013 —;—0— 0.50 (-11.00, 12.00) 8.54
Pestieau 2014 —i.l— -0.50 (-14.76, 13.76) 6.30
Minoshima 2015 —%—l— 0.00 (~10.53, 10.53) 9.55
Perello 2017 : 1.00 (~23.70, 25.70) 2.52
Crarnetzki 2019 —%—-0— 2.00 (-8.58, 12.58) 9.49
Murphy 2021 —= -16.70 (~23.61, -9.79) 14.74
Overall (P = 43.3%, p = 0.054) EQ -4.52 (-8.66, -0.38) 100.00
I
NOTE: Weights are from random effects analysis 3
—4I3.4 0 43I.4
(d)

FIGURE 4: Forest plot of the pain intensity during mobilization for the ketamine group and control group. (a) 6 h; (b) 12 h; (c) 24 h; (d) 48 h.

significantly lower pain scores during mobilization at 48 h
postoperatively in the ketamine than the control group
(WMD, -4.52; 95% CI -8.66 to —0.38, P =0.032, GRA-
DE =moderate) (Figure 4(d)).

3.4.9. Subgroup Analysis by Ages. The heterogeneity of pain
scores was significantly decreased after categorizing the
studies into pediatric studies and adult studies. For adult

patients, the pooled results revealed that the pain scores at
restat 6h (WMD, —11.73;95% CI —17.09 to —6.38, P < 0.001;
GRADE = moderate), 12h (WMD, —11.21; 95% CI —17.64 to
—4.78, P = 0.001, GRADE = moderate), 24 h (WMD, —10.86;
95% CI —14.11 to -7.62, P<0.001, GRADE = moderate),
48h (WMD, -5.37; 95% CI -10.23 to —0.50, P = 0.031,
GRADE = moderate) and during mobilization at 6 h (WMD,
—-6.28; 95% CI -10.41 to -2.15, P = 0.003, GRADE = mo-
derate), 24h (WMD, -9.28; 95% CI -15.40 to -3.17,
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P =0.003, GRADE =moderate), and 48h (WMD, -5.88;
95% CI —11.13 to —0.64, P = 0.028, GRADE = moderate)
postoperatively were significantly lower in the ketamine
group than the control group. However, for pediatric pa-
tients, there were no significant difference in pain scores at
rest at 6h (WMD, 1.05; 95% CI —4.47 to 6.57, P = 0.708,
GRADE = moderate), 12h (WMD, 1.76; 95% CI —4.36 to
7.88, P = 0.573, GRADE = moderate), 24h (WMD, -4.36;
95% CI —13.04 to 4.31, P = 0.324, GRADE = moderate), 48 h
(WMD, -3.09; 95% CI —-8.03 to 1.86, P =0.222, GRA-
DE =moderate) and during mobilization at 6h (WMD,
—-0.34; 95% CI -10.78 to 10.11, P = 0.950, GRADE =mo-
derate), 12h (WMD, -3.87; 95% CI -15.99 to 8.24,
P =0.531), 24h (WMD, 1.67; 95% CI -10.97 to 14.31,
P =0.796, GRADE = moderate), and 48 h (WMD, 0.40; 95%
CI -6.63 to 7.42, P =0.912, GRADE = moderate) postop-
eratively between groups.

3.4.10. Subgroup Analysis by Administration Times. The
heterogeneity of pain scores was significantly decreased after
categorizing the studies into intrasubgroup, postsubgroup,
and intrasubgroup + postsubgroup, according to the ad-
ministration times of ketamine.

At rest, the pain scores at 6h (WMD, —10.72; 95% CI
—-15.35 to —6.09, P <0.001; WMD, -17.90, GRADE =mo-
derate; 95% CI —26.23 to —9.58, P <0.001, GRADE =mo-
derate), 12h (WMD, -13.00; 95% CI -20.44 to —5.55,
P =0.001, GRADE =moderate; WMD, -14.90; 95% CI
—-20.34 to —9.46, P < 0.001, GRADE =low), and 24 h (WMD,
—-11.51; 95% CI —15.93 to —7.08, P <0.001, GRADE = mo-
derate; WMD, —14.90; 95% CI —19.97 to —9.84, P <0.001,
GRADE =high) after surgery were significantly lower in the
ketamine group when the drugs were administrated intra-
operatively and postoperatively or solely postoperatively.
However, when ketamine was administrated solely intra-
operatively, the only significant difference in pain scores was
detected at 24 h postoperatively (WMD, —5.01; 95% CI —9.82
to —0.19, P = 0.042, GRADE = moderate) and no significant
difference at 6h (WMD, —5.81; 95% CI -12.39 to 0.77,
P = 0.084, GRADE =low) and 12h (WMD, —2.49; 95% CI
-7.61 to 2.64, P = 0.342, GRADE =low). As there was only
one study in postsubgroup that reported the data at 48h
postoperatively, we excluded this subgroup for analysis at
this terminated point. The pain scores at 48 h postoperatively
were significantly lower in the ketamine group when the
drugs were administrated intraoperatively and postopera-
tively (WMD, -6.71; 95% CI —12.39 to —1.04, P = 0.020,
GRADE =moderate) while no significant difference in
intrasubgroup (WMD, 2.42; 95% CI —4.28 t0 9.13, P = 0.479,
GRADE =low).

During mobilization, there was no data reported by
studies in postsubgroup. Thus, only intrasubgroup
+ postsubgroup and intrasubgroup were included for
analysis. The pain scores at 6h after surgery were signifi-
cantly lower in the ketamine group when the drugs were
administrated intraoperatively (WMD, -7.28; 95% CI
—13.29 to —1.28, P = 0.017, GRADE = moderate), and the
pain scores at 24 h after surgery were significantly lower in
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the ketamine group when the drugs were administrated
intraoperatively and postoperatively (WMD, —9.43; 95% CI
—-18.35 to —0.51, P = 0.038, GRADE = moderate). However,
there were no significant difference in pain scores at 6h
(WMD, -4.34; 95% CI -11.80 to 3.11, P =0.253, GRA-
DE = moderate) and 12 h between groups in intrasubgroup
+ postsubgroup (WMD, -2.54; 95% CI -13.00 to 7.93,
P =0.635, GRADE=low), and there were no significant
difference in pain scores at 12h (WMD, -12.68; 95% CI
-30.18 to 4.82, P = 0.156, GRADE =low) and 24h (WMD,
-8.62; 95% CI -17.28 to 0.05, P = 0.051, GRADE =mo-
derate) between groups in intrasubgroup. We were unable to
perform subgroup analysis for pain scores at 48h after
surgery because there were only one study in intrasubgroup.

3.5. Postoperative Opioid Consumption

3.5.1. Cumulative Opioid Consumption in the First 12h
Postoperatively. A total of 10 studies reported the cumu-
lative opioid consumption in the first 12h postoperatively.
Significant  heterogeneity ~was detected (I* = 92.9%,
P <0.001). The 10 studies included 252 patients in the
ketamine group and 254 patients in the control group. The
pooled results revealed significantly reduced cumulative
morphine equivalent in the first 12 h postoperatively in the
ketamine than the control group (WMD, —-5.60; 95% CI
-7.59 to -3.61, P < 0.001, GRADE = moderate) (Figure 5(a)).

3.5.2. Cumulative Opioid Consumption in the First 24 h
Postoperatively. A total of 25 studies reported the cumu-
lative opioid consumption in the first 24 h postoperatively.
Significant  heterogeneity ~was detected (I*=89.0%,
P <0.001). The 25 studies included 759 patients in the
ketamine group and 692 patients in the control group. The
pooled results revealed significantly reduced cumulative
morphine equivalent in the first 24 h postoperatively in the
ketamine than the control group (WMD, —12.73; 95% CI
-1524 to -10.22, P<0.001, GRADE =moderate)
(Figure 5(b)).

3.5.3. Cumulative Opioid Consumption in the First 48h
Postoperatively. A total of 17 studies reported the cumu-
lative opioid consumption in the first 48 h postoperatively.
Significant heterogeneity ~was detected  (I*=72.6%,
P <0.001). The 17 studies included 645 patients in the
ketamine group and 505 patients in the control group. The
pooled results revealed significantly reduced cumulative
morphine equivalent in the first 48 h postoperatively in the
ketamine than the control group (WMD, —15.42; 95% CI
-20.06 to -10.78, P<0.001, GRADE =moderate)
(Figure 5(c)).

3.5.4. Subgroup Analysis by Ages. The heterogeneity of
cumulative opioid consumption was significantly decreased
after categorizing the studies into pediatric studies and adult
studies. For adult patients, the pooled results revealed that
the cumulative opioid consumption in the first 12h (WMD,
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Study ID WMD (95% CI) % Weight
i
Aveline 2006 = ! ~12.60 (~14.56, -10.64) 12.60
|
Engelhardt 2008 : -4.71 (-17.04, 7.62) 2.20
I
Subramaniam 2011 : —_— -0.25 (-5.12,4.62) 7.71
|
Abrishamkar 2012 o ~7.45 (=7.70, ~7.20) 14.32
I
Hadi 2013 — -8.30 (~10.36, -6.24) 12.44
|
Song 2013 :; -6.00 (-13.78, 1.78) 4.49
I
Garg 2016 L -3.61 (-4.70, -2.52) 13.76
|
Perello 2017 —— ~0.60 (~6.74, 5.54) 6.07
I
Boenigk 2018 —— -4.45 (-5.79, -3.11) 13.48
I
Nikoubakht 2021 : — -3.00 (-4.74, -12.6) 12.93
Overall (I = 92.9%, p = 0.000) @ -5.60 (-7.59, -3.61) 100.00
i
NOTE: Weights are from random effects analysis:
T ' T
-17 0 17
(@)
Study ID WMD (95% CI) % Weight
]
Javery 1996 —— | -25.28 (-34.78, -15.78) 3.60
Sahin 2004 —— ~3.02 (~11.10, 5.06) 4.19
Aveline 2006 + -18.00 (-20.63, -15.37) 6.86
Engelhardt 2008 —_— 2.20 (-19.64, 24.04) 1.12
Moustafa 2008 —— -10.00 (-19.66, -0.34) 3.54
Urban 2008 —— -8.50 (-18.23,1.23) 3.51
Hadi 2009 - -15.00 (-19.90, -10.10) 5.78
Hadi 2010 —— -15.00 (-20.66, -9.34) 5.39
Loftus 2010 * T -60.00 (-113.63, -6.37) 0.21
Subramaniam 2011 a_ B -1.36 (-12.59, 9.87) 2.99
Abrishamkar 2012 * -14.73 (-15.24, -14.22) 7.39
Pacreu 2012 —— -20.14 (-29.73, -10.55) 3.56
Yeom 2012 —_. -8.20 (-44.50, 28.10) 0.45
Hadi 2013 - -23.90 (-27.65, -20.15) 6.37
Song 2013 —— -10.50 (-21.33, 0.33) 3.12
Pestieau 2014 —— -1.00 (-15.13, 13.13) 2.22
Minoshima 2015 . -7.90 (-9.24, -6.56) 7.26
Garg 2016 - -13.15(-17.13,-9.17) 6.25
Mitra 2017 —_— -20.20 (-53.36, 12.96) 0.53
Nielsen 2017 — : -42.00 (-58.20, -25.80) 1.82
Perello 2017 | —— 2.10 (-7.83,12.03) 3.44
Boenigk 2018 * -7.90 (-10.07, -5.73) 7.03
Czarnetzki 2019 —— -2.80 (-10.77, 5.17) 4.25
Brinck 2020 —— -9.51 (-22.91, 3.89) 2.38
Murphy 2021 > -17.50 (-20.40, -14.60) 6.75
Overall (P = 89.0%, p = 0.000) o ~12.73 (~15.24, -10.22) 100.00
I
NOTE: Weight are from random effects analysis .
T T
-114 0 114
(b)

FiGure 5: Continued.
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Study ID WMD (95% CI) % Weight
Engelhardt 2008 Ll—o— 22.70 (-20.28, 65.68) 1.07
Urban 2008 - -13.50 (-22.50, -4.50) 8.93
Loftus 2010 * : | -114.00 (-213.22, -14.78) 0.22
Subramaniam 2011 —;—0— -2.18 (-23.44, 19.08) 3.52
Pacreu 2012 —— : -33.84 (-44.22, -23.46) 8.04
Yeom 2012 —Q—é— -30.60 (-56.84, -4.36) 2.54
Kim 2013 -20.70 (-42.85, 1.45) 3.31
Song 2013 —— -18.40 (-32.95, -3.85) 5.79
Pestieau 2014 —— 0.40 (-13.06, 13.86) 6.31
Minoshima 2015 * -13.30 (-15.54, -11.06) 13.05
Garg 2016 - -18.50 (-23.95, -13.05) 11.35
Perello 2017 —— 6.80 (-11.46, 25.06) 4.36
Czarnetzki 2019 - -9.50 (-18.73, -0.27) 8.78
Brinck 2020 — -13.07 (-45.29, 19.15) 1.80
Ricciardelli 2020 ——| -15.80 (-30.30, -1.30) 5.82
Brinck 2021 —— -21.84 (-48.83,5.15) 2.42
Murphy 2021 * -22.50 (-25.62, -19.38) 12.69
Overall (P = 72.6%, p =0.000) (> -15.42 (-20.06, -10.78) 100.00
I

NOTE: Weight are from random effects analysis i

—2Il3 0 2;3

(c)

FIGURE 5: Forest plot of the cumulative opioid consumption for the ketamine group and control group. (a) First 12 h; (b) first 24 h; (c) first

48h.

—5.95; 95% CI -8.02 to —3.88, P<0.001, GRADE =mo-
derate), 24h (WMD, -14.42; 95% CI -16.99 to -11.85,
P <0.001, GRADE = high), and 48 h (WMD, —-19.24; 95% CI
—24.16 to —14.32, P < 0.001, GRADE = high) postoperatively
was significantly reduced in the ketamine group than the
control group. For pediatric patients, cumulative opioid
consumption in the first 24h (WMD, —5.80; 95% CI —10.17
to —1.42, P = 0.009, GRADE = moderate) was significantly
reduced in the ketamine group than the control group while
no significant difference in the first 12h (WMD, —1.42; 95%
CI-6.91t04.08, P = 0.613, GRADE =low) and 48 h (WMD,
—5.82; 95% CI -15.75 to 4.12, P =0.251, GRADE =mo-
derate) postoperatively between groups.

3.5.5. Subgroup Analysis by Administration Times:. The
heterogeneity of cumulative opioid consumption was sig-
nificantly decreased after categorizing the studies into
intrasubgroup,  postsubgroup, and  intrasubgroup
+ postsubgroup according to the administration times of
ketamine. The cumulative opioid consumption in the first
12h (WMD, -4.48; 95% CI -8.35 to —0.61, P =0.023,
GRADE =moderate; WMD, —5.21; 95% CI -8.02 to —2.40,
P <0.001, GRADE = moderate), 24 h (WMD, -12.91; 95% CI
-18.85 to -6.97, P<0.001, GRADE =high; WMD, -13.41;
95% CI —17.87 to —-8.95, P<0.001, GRADE = moderate),
and 48h (WMD, -19.05; 95% CI -25.49 to -12.62,
P <0.001, GRADE =moderate; WMD, -18.63; 95% CI
—-23.98t0 —13.28, P < 0.001, GRADE =low) after surgery was

significantly reduced in the ketamine group when the drugs
were administrated intraoperatively and postoperatively or
solely postoperatively. However, for intrasubgroup, only the
cumulative opioid consumption in the first 24h was sig-
nificantly reduced in the ketamine group (WMD, -16.74;
95% CI —22.73 to —10.75, P<0.001, GRADE = moderate).
As there was only one study in intrasubgroup that reported
the data in the first 12h postoperatively, we excluded this
subgroup for analysis at this terminated point.

3.6. Time to First Request for Analgesic after Surgery. A total
of 8 studies reported the time to first request for analgesic
after surgery. Significant heterogeneity was detected
(> =83.5%, P < 0.001). The 8 studies included 196 patients in
the ketamine group and 174 patients in the control group.
The pooled results revealed significantly prolonged time to
first request for analgesic after surgery in the ketamine than
the control group (WMD, 6.63; 95% CI 3.99 to 9.28,
P <0.001, GRADE = moderate) (Figure 6).

3.7. Adverse Events with the Administration of Ketamine

3.7.1. Central Nervous System Adverse Events. CNS adverse
events including hallucination, confusion, disorientation,
visual disturbance, sedation, nightmare, and drowsiness
were reported by 18 studies. No substantial heterogeneity
was detected (I>=9.4%, P = 0.342). The incidence of CNS
adverse event was 13.7% (103/752) in the ketamine group
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Study ID WMD (95% CI) % Weight
Sahin 2004 —0‘— 5.20 (-0.18, 10.58) 10.79
Moustafa 2008 e 3.60 (1.35, 5.85) 17.09
Hadi 2009 - 3.40 (1.29, 5.51) 17.36
Hadi 2010 - 3.40 (1.00, 5.80) 16.81
Pacreu 2012 . 17.50 (-22.12, 57.12) 0.44
Hadi 2013 * 6.80 (5.73,7.87) 18.90
Garg 2016 3 —— 23.00 (16.17, 29.83) 8.48
Murphy 2021 — 9.70 (3.93, 15.47) 10.13
Overall (I-squared = 83.5%, p = 0.000) <> 6.63 (3.99, 9.28) 100.00
NOTE: Weights are from random effects analysis i
T ' T
-57.1 0 57.1

FIGURE 6: Forest plot of the time to first request for analgesic after surgery for the ketamine group and control group.

and 11.6% (72/623) in the control group. The pooled results
revealed no significant difference in the incidence of CNS
adverse event between groups (RR, 1.17; 95% CI 0.90 to 1.54,
P =0.243, GRADE =moderate) (Figure 7(a)).

3.7.2. Postoperative Nausea and Vomiting. PONV were
reported by 21 studies. No substantial heterogeneity was
detected (I°=0.8%, P =0.448). The incidence of PONV
adverse event was 27.8% (215/772) in the ketamine group
and 33.9% (213/629) in the control group. The pooled results
revealed a significantly lower incidence of PONV in the
ketamine group than the control group (RR, 0.84; 95% CI
0.72 to 0.98, P = 0.028, GRADE = moderate) (Figure 7(b)).

3.7.3. Subgroup Analysis by Ages. We were unable to per-
form subgroup analysis for CNS adverse events because
there was only one study in pediatric subgroup. The pooled
results revealed no significant difference in the incidence of
PONV between groups for both adult (RR, 0.87; 95% CI 0.74
to 1.02, P = 0.083, GRADE = moderate) and pediatric sub-
group (RR, 0.68 95% CI 043 to 1.09, P=0.113,
GRADE =low).

3.7.4. Subgroup Analysis by Administration Times. The
pooled results revealed no significant difference in the in-
cidence of CNS adverse events between groups for intra-
subgroup (RR, 1.10; 95% CI 0.66 to 1.84, P =0.705,
GRADE =moderate), postsubgroup (RR, 1.30; 95% CI 0.65
to 2.57, P = 0.455, GRADE = moderate), and intrasubgroup
+ postsubgroup (RR, 1.13; 95% CI 0.79 to 1.63, P = 0.504,
GRADE =moderate). Similarly, the pooled results revealed
no significant difference in the incidence of PONV between
groups for intrasubgroup (RR, 0.89; 95% CI 0.69 to 1.15,

P =0.365, GRADE =moderate), postsubgroup (RR, 0.80;
95% CI 0.33 to 1.90, P = 0.611, GRADE =low), and intra-
subgroup + postsubgroup (RR, 0.86; 95% CI 0.69 to 1.06,
P = 0.150, GRADE = moderate).

4. Discussion

In several previous reviews, the administration of peri-
operative low-dose ketamine has demonstrated an opioid-
sparing effect in patients undergoing major surgery and
could mitigate opioid-induced hyperalgesia and acute opioid
tolerance shown to occur in these patients [2, 54, 55].
However, these literature focused on a broad range of
surgical procedures, whether this hold true for spine surgery
remained controversial. Although a meta-analysis by Pendi
et al. has reported that supplemental perioperative ketamine
was effective in pain management following spine surgery,
this study did not consider the impact of patient ages and
administration time of drugs [56]. As previous studies have
reported an insignificant reduction in pain score and opioid
consumption for pediatric patients undergoing peri-
operative low-dose ketamine, and only intraoperative ad-
ministration could not prolong the analgesia time in adult
surgery, the results by Pendi et al. may be skewed by the
heterogeneous of included studies [3, 57]. In the current
study, we additionally performed subgroup analysis
according to ages and administration time in order to report
the efficacy of perioperative low-dose ketamine more
precisely.

4.1. Postoperative Pain Intensity and Cumulative Opioid
Consumption. Patients administrated low-dose ketamine
reported significantly less pain and corresponding decreased
need for opioids up to 48 h postoperatively in the overall
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FIGURE 7: Forest plot of the incidence of adverse events for the ketamine group and control group. (a) CNS adverse events; (b) PONV.
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Study ID RR (95% CI) % Weight
Javery 1996 ' 0.30 (0.03, 2.68) 3.92
1
Aveline 2006 : 3.00 (0.13, 70.02) 0.62
Urban 2008 — 2.00 (0.21, 19.23) 1.25
1
Loftus 2010 : 0.96 (0.06, 14.96) 1.27
Subramaniam 2011 —— 0.56 (0.24, 1.27) 11.23
Abrishamkar 2012 ; 5.22 (0.26, 102.93) 0.61
1
Pacreu 2012 — 3.00 (0.14, 65.90) 0.62
Kim 2013 — 1.30 (0.39, 4.27) 5.04
Song 2013 : . 7.28 (0.40, 133.89) 0.61
1
Garg 2016 : 4.00 (0.48, 33.00) 1.25
Nielsen 2017 — 0.68 (0.31, 1.50) 16.32
Perello 2017 L - 3.29 (0.37, 29.20) 1.19
1
Boenigk 2018 —I—'—o— 3.16 (0.64, 15.61) 2.20
Crarnetzki 2019 —— 1.18 (0.65, 2.14) 19.35
Brinck 2020 —— 0.98 (0.42, 2.30) 11.73
Andleeb 2021 ! . 7.00 (0.92, 53.47) 1.25
Brinck 2021 — - 0.50 (0.15, 1.63) 7.48
Murphy 2021 — 1.04 (0.50, 2.17) 14.05
Overall (I = 9.4%, p = 0.342) :> 1.17 (0.90, 1.54) 100.00
1
|
1
T T
00747 1 134
(a)
Study ID RR (95% CI) 9% Weight
T
Aveline 2006 —o—:—l— 0.60 (0.26, 1.38) 4.41
Engelhardt 2008 — 0.84 (0.37, 1.91) 3.32
Urban 2008 — 1.67 (0.51, 5.46) 1.32
Loftus 2010 —— 1.04 (0.54, 1.98) 5.85
Subramaniam 2011 ——0—:—— 0.43 (0.14, 1.35) 3.09
Abrishamkar 2012 : - 7.30 (0.40, 133.75) 0.22
Pacreu 2012 e 2.00 (0.21, 18.69) 0.44
Yeom 2012 " ; 0.25 (0.03, 2.05) 1.76
Hadi 2013 — 0.67 (0.28, 1.57) 3.53
Kim 2013 — 0.83 (0.40, 1.73) 416
Song 2013 e 1.26 (0.82, 1.95) 6.05
Minoshima 2015 —_— 0.28 (0.07, 1.14) 3.33
Garg 2016 -— 0.33 (0.04, 2.96) 1.32
Mitra 2017 ' 1.00 (0.07, 14.45) 0.44
Nielsen 2017 —— 0.85 (0.56, 1.30) 12.88
Perello 2017 — 1.41 (0.64,3.11) 2.95
Czarnetzki 2019 —— 0.89 (0.66, 1.19) 19.41
Brinck 2020 —— 0.96 (0.64, 1.43) 13.64
Ricciardelli 2020 — e 0.35(0.11, 1.13) 3.89
1
Brinck 2021 — 0.50 (0.15, 1.63) 2.65
Murphy 2021 —— 0.57 (0.24, 1.36) 5.34
Overall (I = 0.8%, p = 0.448) (I) 0.84 (0.72, 0.98) 100.00
|
1
T - T
00748 1 134
(b)
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analysis, which was consistent with previous studies [20].
Inconsistent with our results, a recent meta-analysis focused
on spine surgery by Pendi et al. pooled the data of pediatric
and adult and reported that the analgesic effect of ketamine
supplementation may be only limited to the first 24 h after
surgery [56]. However, the age-related differences in
pharmacokinetic could impact the reliability of their results
[45]. In the current study, an analgesic and morphine-
sparing effect was only detected in adult patients. For pe-
diatric patients, the low-dose ketamine failed to decrease the
pain intensity and only reduced the cumulative opioid
consumption in the first 24 h postoperatively. This finding
was in concert with the meta-analysis by Dahmani et al., who
indicated that perioperative administration of ketamine in
children could not change early postoperative pain and
analgesic use [58]. Pharmacokinetic studies had suggested a
shorter context-sensitive half-time and a higher requirement
of ketamine doses to maintain the steady-state concentra-
tions in pediatric populations compared to adults [59, 60].
Therefore, the low-dose ketamine used in pediatric patients
was not as sufficient as in adults to suppress the NMDA
receptor pathway [40].

Subgroup analysis also indicated that intraoperative ad-
ministration of ketamine solely was not as effective as post-
operative or intraoperative and postoperative administration to
prolong the analgesia time and reduced opioid consumptions,
especially during 24 h to 48 h after surgery. Central sensitization
was associated with hyperalgesia and opioid tolerance [44, 45].
Repetitive and high frequency noxious stimulus from C-fibers
via activation of NMDA receptor could evoke this process not
only during surgery but also in the postoperative period [41].
Therefore, the withdrawal hyperalgesia and acute opioid tol-
erance may continue and even develop long after surgery [61].
Our finding was consistent with the results of a previous meta-
analysis by Wang et al., who reported that the analgesic effect
and morphine-sparing effect provided by intraoperative ad-
ministration of ketamine solely was very limited for adult
surgery, although in the first 24 h postoperatively [62]. Thus, to
obtain a beneficial effect in postoperative pain management,
low-dose ketamine administrated in postoperative period or
through the perioperative period may be the better choice.

4.2. Adverse Events with the Administration of Ketamine.
A common concern with the use of ketamine has been its
side effects including CNS adverse events and PONV [63].
Consistent with a previous large meta-analysis of ketamine
adjuncts to opioid for pain control which included 130 RCTs
of 4,588 participants, our results indicated that the incidence
of ketamine-related adverse events has not been increased
compared to those who only received opioids, in both pe-
diatric and adult patients [20].

The meta-analysis by Wang et al. reported that the rate of
psychotomimetic events was significantly higher in patients
administrated low-dose ketamine intraoperatively and
postoperatively [62]. However, Wang et al. pooled the data
of various surgical procedures in adult patients, including
hemorrhoidectomy, radical prostatectomy, laparoscopic
cholecystectomy, thoracotomy, and lumbar fusion, which
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was highly heterogeneous and may skew the results. When
solely focused on spine surgery, this study revealed that
postoperative or intraoperative and postoperative admin-
istration of low-dose ketamine would not increase the risk of
adverse events, in addition to its prolonged analgesic effect
and morphine-sparing effect.

4.3. Limitations. We believe that this meta-analysis has
presented valuable results for many anesthesiologists and
spinal surgeons, although with some limitations. Firstly,
although we performed subgroup analysis, there was still
significant heterogeneity in most of the analyses, which
might be due to different study designs, modes of delivery,
dosages, and procedures. Secondly, combining multiple
treatment arms may have produced a moderating effect.
Thirdly, chronic opioid-dependent could magnitude the
analgesic effect of ketamine; however, some studies did not
clarify the usage of preoperative opioid, leaving it unclear
whether opioid-tolerant patients were included [44]. Also,
although this study indicated that low-dose ketamine could
decrease the postoperative pain intensity and opioid use, the
optimal protocol, including mode of administration, dosage,
and timing, were not obtained. Later, although the partic-
ipants were categorized into pediatric (10 to 17 years of age)
and adult (>18years of age) in this study, the adult par-
ticipants could not be further categorized by middle and old
age due to the design of included RCTs. According to the
mean age of each study, there was only one study that
fulfilled the definition of old age participants (>65 years of
age) [64-66]. Considering that the old age people are more
susceptible to spine disorders, further studies should focus
on this population, who are the main surgical candidates.
Last, although we have applied the Egger’s test to assess the
publication bias, the potential language bias is inevitable
because clinical investigators working in non-English-
speaking countries are more likely to publish their positive
findings in an international English-language journal while
reporting negative results in their local languages [67].

5. Conclusion

Perioperative low-dose ketamine demonstrated analgesic and
morphine-sparing effect with no increased adverse events
after spine surgery. However, the effect was not significant in
pediatric patients. Only postoperative or intraoperative and
postoperative administration could prolong the analgesic
time up to 48 h postoperatively. Further studies should focus
on the optimal protocol of ketamine administration and its
effect on old age participants.
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Introduction. There is a common concern about the pain and rehabilitation of the knee after femoral retrograde intramedullary
nailing. It is essential for early postoperative knee function required for physical self-maintenance in daily life. And a favorable
rehabilitation of the knee usually promotes the quality of life. However, early rehabilitation is absent or insufficient for many
patients in postoperative management. This retrospective study aims to evaluate the effect of early knee function improvement in
comparison to postoperative fascia iliaca blocking (FIB) and multimodal drug injection (MDI). Patients and Methods. A ret-
rospective analysis of 41 patients receiving femoral fracture treatment with retrograde intramedullary nailing, was performed
during 2018-2020. 19 patients were treated with MDI as postoperative analgesia, and 22 patients were treated with FIB. Re-
habilitation started on the first postoperative day and lasted for 3 months. Visual analog scale (VAS), the range of motion (ROM)
of the knee, and single assessment numeric evaluation (SANE) were assessed. Results. There was no significant difference shown in
any of the demographic, fracture types, and operative time. All patients performed regular and voluntary knee rehabilitation and
weight-bearing at home following the instruction from the orthopedic staff. Pain in the FIB group at postoperative 1-day was
milder (1.7 + 1.1), compared with that in the MDI group (2.8 + 1.3, p = 0.038). There was a significant difference in VAS between
two groups at postoperative 1-month (p = 0.031), with a peak score in the FIB group (3.3 +0.9). At postoperative 3-month, both
groups had pain relief with similar VAS (p = 0.465). The ROM of the knee in both groups was continuously improved during the
first three months. The SANE in the MDI group was significantly different compared with FIB at 1-month (p = 0.026). However,
scores of SANE were similar in both groups at 3 months (p = 0.541). All patients were identified as fractures union at 9-month or
12-month follow-up. Conclusion. The knee pain was commonly experienced in this series of retrograde femoral nailings. Both
MDI and FIB provided immediate and effective pain control after femoral fracture surgery. MDI was more beneficial to
continuous pain control and knee rehabilitation in the early follow-up. The extent of pain relief and knee function improvement
reached the same level at postoperative 3-month.

1. Introduction

Intramedullary nailing is an effective method for femoral
shaft fractures. In consideration of patients’ conditions such
as fractures in the distal femur, obesity, ipsilateral pelvic or
hip fracture, or ipsilateral tibia fracture, the use of retrograde
intramedullary nailing for femoral shaft fractures has be-
come an attractive practice over the last decades [1-5].

However, with the entry point for retrograde nailing being
within the knee, this technique may cause complaints about
postoperative pain in the knee [2, 6]. Most of the studies
revealed a higher rate of anterior knee pain that is more
related with retrograde nailing than antegrade nailing for
femoral fractures [2, 7-10]. Moreover, this pain is often
exacerbated by walking, kneeling, squatting, and stair
climbing. Knee function is another focus in follow-up. It
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seems that there is no significant difference in knee function
in the majority of reports [2, 8-10]. However, some studies
found that worse knee scores and range of motion were
associated with retrograde nailing [11]. Notably, the knee
function in most studies was evaluated in a long-term fol-
low-up, usually at least 1year. The early rehabilitation of
knee function seems to be ignored. The ROM is a basic
indicator for knee function, for example, walking requires
67°of ROM, up- and down-stairs require 80°, and sitting in a
chair requires 93°. Obviously, early postoperative knee
function is an essential requirement for physical self-
maintenance of daily living. A favorable functional knee
rehabilitation usually promotes the life quality. Further-
more, knee function at 1 month postoperatively may indi-
cate the likelihood of achieving the clinical goal at 12 months
[12]. The changes in the knee range of flexion plateaued
3 months after total knee arthroplasty [13]. And poor knee
function after knee arthroplasty can be detected through
ROM data in the first few weeks [14]. Therefore, it is worthy
to pay close attention to early knee rehabilitation after
retrograde nailing.

A standard procedure of knee functional rehabilitation
usually starts with a continuous passive motion (CPM) on
the first day postoperation. Then, the active motion of the
knee and weight-bearing exercise are encouraged depending
on the tolerance of patients. Usually, the early knee func-
tional rehabilitation is followed by the instructions of
physical therapists. Nevertheless, early rehabilitation is ab-
sent or insufficient for many patients due to financial dif-
ficulty or a lack of home nursing. The confidence and
willingness of rehabilitation in early postoperative stage were
weakened due to the early pain, although orthopedic staff
introduced exercise advise during hospital stay.

The authors speculated that satisfactory postoperative
analgesia could facilitate the rehabilitation of the early
postoperative stage and improve the knee function in ret-
rograde nailing cases. A multimodal drug periarticular in-
jection was found to relieve pain effectively and promote a
better functional recovery among patients receiving total
joint replacement [15]. Femoral nerve block has a similar
analgesic effect on multimodal periarticular soft tissue in-
jection after total knee arthroplasty as well [16]. This ret-
rospective study is conducted to evaluate the effect of early
knee function improvement in comparison with postoper-
ative fascia iliaca blocking with multimodal drug injection.

2. Patients and Methods

2.1. Patients Information. Our institutional Ethical Review
Committee reviewed and approved the study protocol.
During April 2018 and November 2020, 63 patients suffering
from femoral fractures were treated with retrograde intra-
medullary nailing (Figure 1). 3 distal femoral fractures
identified as AO/OTA 33C and 4 ipsilateral tibia plateau
fractures were excluded. Also 7 patients were excluded who
refused or missed follow-up visits and 8 patients who
performed regular exercise in rehabilitation institutions. The
remaining 41 patients were retrospectively analyzed. 19
patients before April 2019 were treated with multimodal
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drug injection (MDI), and 22 patients were treated with
fascia iliaca block (FIB) thereafter.

2.2. Operation. All patients were treated with rearmed
retrograde nailing (Type B DFN, Double Medical, Xiamen,
China) within an intercondylar notch approach. Through a
longitudinal incision medial to the patellar tendon, the entry
point was located at the anterior end of Blumensaat’s line on
the lateral projection, essentially at the top of the inter-
condylar notch, in line with the femoral shaft. After opening
the canal, a threaded guidewire was inserted. The fracture
was closed and reduced, and the canal was rearmed. A
retrograde nailing was inserted and locked proximally and
distally. Length and rotation were controlled by comparing
AP knee and hip images to the contralateral side.

2.3. Perioperative Analgesia and Care. All femoral fractures
were immobilized with skeletal traction, and dezocine was
prescribed at the discretion of the residents. 24 hours before
the operation, oral imrecoxib of 100 mg per 12hours was
prescribed. All femoral nailing operations were performed
under general laryngeal mask airway anesthesia. Immedi-
ately postoperatively, the FIB group received 30 ml of 0.75%
ropivacaine for an ultrasound-guided fascia iliaca block. The
MDI group received a multimodal drug consisting of 10 ml
of 0.75% ropivacaine, 1 ml of 40 mg triamcinolone, 1 ml of
30mg ketorolac tromethamine, 1 ml of 100 mg pethidine
hydrochloride, and saline to make up 50 ml in total. 20 ml of
the mixture was injected at the fracture site, 10 ml at the
subcutaneous fascia around the incision, and the remanent
20ml was injected intraarticular after the incision was
closed.

Rehabilitation was started on the first postoperative day
with CPM of the hip and knee joints. The CPM machine was
set to range from 40 degrees of knee flexion to full extension,
with attempts to increase by 5-10 degrees of flexion to a
maximum of 90°, as the patients tolerated. On the third
postoperative day, the patients were encouraged to perform
straight leg-raising exercises and active flexion of the hips
and knees, from a tolerable range followed by a gradual
increase. Partial weight bearing with crutches started as soon
as the pain became tolerable. All patients were familiar with
early knee rehabilitation following the instruction from the
orthopedic staff. They were discharged on the seventh to
ninth postoperative day and performed knee rehabilitation
voluntarily at home without further professional instruction.

2.4. Data Collection. For each patient, the authors recorded
knee pain in the visual analog scale (VAS) and the range of
motion (ROM) of the knee on the first day, 1 week, 1 month,
and 3 months postoperatively. Single assessment numeric
evaluation (SANE) of the knee was recorded for knee
functional recovery. Radiographs were recorded at 1, 3, 6, 9,
and 12 months postoperatively. Callus formation on three
out of four cortices and fracture line fading in radiographs
were considered as signs of fracture union.
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(n=63)

Patients undergoning femoral
retrograde nailing from 2018 to 2020

Excluded (n=22)

- Fracture lines involved knee
articular surface (n=7)

- Refused or be lost to follow-up
visit (n=7)

- Knee exercise in rehabilitation
institution (n=8)

Remaining patients who performed
knee rehabilitation at home without
other instruction (n=41)

|

Postoperative analgesia by MDI
(n=19)

Postoperative analgesia by FIB
(n=22)

FiGure 1: Enrollment flow diagram.

2.5. Statistical Analyses. Statistical analysis was performed
using SPSS 20.0 software. The Chi-square test to identify
differences in sex and fracture types. Student’s t-test was
used to identify differences in age, operative time, VAS,
ROM, and SANE of the knee. Statistical significance was
accepted for p values of <0.05.

3. Results

Demographics for patients are presented in Table 1. No
significant differences were noted in any of the demo-
graphics, fracture types, or operative time. All patients re-
ported regular and voluntary knee rehabilitation and weight-
bearing at home according to previous instruction.

The comparison of VAS and knee function for the two
groups was presented in Figure 2. Knee pain came out in a
trend of anesis in the MDI group. Pain in the FIB group at
postoperative 1-day was milder (VAS, 1.7+ 1.1), compared
with that in the MDI group (2.8 £ 1.3, p = 0.038). Then, the
VAS of the FIB group ascended to 2.9 + 1.2 at postoperative
1-week, although there was no significant difference between
MDI (2.1 + 1.1, p = 0.078). There was a significant difference
in VAS between the two groups at postoperative 1-month
(p = 0.031), with a peak score in the FIB group (3.3 £ 0.9). At
3 months, both groups had pain relief with similar VAS
(p = 0.465). ROM of the knee in both groups was contin-
uously improved during early rehabilitation, with the ex-
ception of stagnant in the FIB group at 1-week and 1-month
(p =0.381). And ROM in MDI (92° + 12°) was better than
that in FIB (75°+ 18", p = 0.009). SANE of the knee in the
FIB group (63.4+9.4) was better than that in MDI
(50.4+14.2, p =0.012). The comparison between the two
groups was reversed at 1-week, although no significant
(p =0.165). SANE in the MDI group was significantly

different compared with FIB at 1-month (p = 0.026). Finally,
both groups got similar scores of SANE at 3-month
(p = 0.541).

There was no secondary surgery performed such as
exchange nailing, bone grafting, or screw removal in present
study. All cases are identified as fractures union at 9-month
(Figure 3) or 12-month follow-up (Figure 4).

4. Discussion

As a part of the golden standard for adult femoral shaft
fracture treatment, the retrograde nailing technique is an
attractive option available to orthopedists, as is the antegrade
nailing technique. A common concern is focused on post-
operative knee pain and function due to the introduction
through the intercondylar notch of the femur [6, 17, 18]. Itis
universally accepted that retrograde nailing presents satis-
factory results in knee function and pain, both in medium
and long-term follow-up [2, 8]. MDI and FIB are popular
methods for postoperative pain control after lower extremity
surgery [15, 19-21]. However, early rehabilitation of knee
function seems to be ignored in many studies. Pain relief and
knee function recovery play a significant role in self-care
ability, such as wearing socks and shoes, washing feet, going
to the toilet, and so on. This study retrospectively compared
the effects of MDI and FIB on early pain relief and reha-
bilitation of the knee after retrograde femoral nailing sur-
gery, specially focused on patients who performed voluntary
exercise at home.

Of the 63 cases, we excluded seven cases as having the
femoral supracondylar fracture of the AO 33C type or
with concomitant ipsilateral tibia plateau fractures. These
complicated fractures damage the knee surface and,
usually combined with severe soft tissue injury, may
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TaBLE 1: Patients information.

Patients information

Variable MDI group (n=19) FIB group (n=22) p
Age, y 43.5+18.1 39.3+17.0 0.557
Sex (M/F) 12/7 16/6 0.737
AO classification
Femoral shaft 17 21 0.769
A 6 5
B 6 6
C 5 8
Femoral supracondylar 5 6
A 5 6
Multi-segmental fractures 3 5 0.703
Operation time (minutes) 145.5 + 36.1 130.9+31.2 0.291
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F1GURE 2: Changes in VAS (a), ROM of knee (b), SANE of knee (c). Data are shown as mean, “p <0.05.

deteriorate knee function and cause pain. Eight cases who
performed rehabilitation in professional institutions were
excluded due to incompatibility with the purpose of this
study. SANE is an effective tool for knee function as-
sessment and is friendly to both patients and medical
staff [22].

Koehler et al. reported that multimodal drug injections
presented immediate pain anesis across a diverse orthopedic
trauma population undergoing operative intervention for
femoral fractures [21]. The surgical-site injection with a
multimodal analgesic cocktail provided the improved pain
control at the 4, 8, and 12-hour postoperative time points.
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FIGURE 3: Female, 33, multi-fragment fracture of left femur with AO classification A3 in shaft, and Al in distal part (a). Treated with
retrograde nailing and postoperative FIB, 1-day postoperative radiograph (b). 1 month (c), 3-month (d) follow-up radiographs. 9-month

follow-up radiographs indicated union (e, f).

N 4
FIGURE 4: Male, 33, multi-fragment fracture of left femur with AO classification B3 in shaft, and A2 in distal part (a). Treated with retrograde

nailing and postoperative MDI, 1-day postoperative radiograph (b). 1 month (c), 3-month (d) follow-up radiographs. 1-year follow-up
radiographs indicated union (e, f).

Cocktail treatment was more popular in arthroplasty.
Multimodal periarticular injection provided comparable
analgesia to continuous femoral nerve block after total knee
arthroplasty [16]. In our study, the MDI group presented
satisfactory pain control during hospital stay and continu-
ously improved pain relief during 3 months of follow-up.
The knee function improved in the similar trend.

FIB and femoral nerve block provided similar analgesia
after femoral fracture surgery [23]. Femoral nerve blocks for
tibial plateau fractures operations demonstrated a similar
pain relief compared with patients controlled analgesia
(PCA), as reported by Cooke et al. [24]. In our study, the FIB
group presented immediate analgesia effects after retrograde
nailing and got the same level of pain relief at postoperative 3
months. However, pain rebounded when patients were
discharged and performed voluntary knee rehabilitation at
home. The knee function improvement came to a standstill
at the same time.

The results revealed that FIB provided immediate pain
relief rather than long-lasting analgesia. Indeed, the major
component for FIB injection was ropivacaine, which pro-
vided pain relief for 12-24 hours [25]. Coincidently, most
studies concerning FIB or femoral nerve block recorded the

score of pain in less than 3 days [20, 26]. The short-term
analgesic effect may be one of the explanations for VAS
rebounded. Another explanation was the increased active
exercise for knee and weight bearing. Angers et al. revealed
that femoral nerve block had a negative influence on re-
covery at 6 weeks and 6 months following total knee re-
placement [27]. As an important part of knee extensional
apparatus, weakened quadriceps may be responsible to the
slow rehabilitation of the knee.

For the MDI group, pain and function of the knee
displayed continuous relief and improvement. Recent re-
search claimed that intraoperative periarticular injection of
multimodal drugs could alleviate the inflammatory response
and enhance joint function recovery after hip arthroplasty in
elderly patients [19]. Similar multimodal drugs may have
equally beneficial effects for the MDI group.

The limitations of our study were attributed to the
retrospective analysis and could be underpowered. It was a
single center study with a small number of cases, and
conclusions could not be generalized. Furthermore, we did
not use other scoring systems which were more reliable and
comprehensive, such as the Lysholm scale and the American
Academy of Orthopedic Surgeons hip and knee scale. The



life quality should be quantitatively recorded and analyzed in
further study. The correlation of pain and knee function was
not quantitatively analyzed. In the future, randomized
controlled trials with high quality are needed.

5. Conclusion

The knee pain was commonly experienced in this series of
retrograde femoral nailings. Both MDI and FIB provided
immediate and satisfactory pain control after femoral
fracture surgery, but pain rebounded after discharge in the
FIB group. MDI was more beneficial to continuously pain
control and knee rehabilitation during the first month
postoperative. Pain relief and knee function improvement
reached the same level at postoperative 3-month.
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Objective. Through the follow-up analysis of cervical spine fracture cases with ankylosing spondylitis (AS), a treatment-oriented
fracture classification method is introduced to evaluate the clinical efficacy guided by this classification method. Method. A
retrospective analysis was performed on 128 AS patients who underwent comprehensive treatment in the Spine Surgery De-
partment of Qingdao University Hospital from January 2009 to May 2018. Statistics of patient demographic data, distribution of
different fractures corresponding to surgical methods, 3-year follow-up outcomes, and summary of objective fracture classi-
fication methods were analyzed. A prospective 5-year follow-up study of 90 patients with AS cervical spine fractures from June
2015 to August 2020 was also included. Statistical differences on the distribution of factors such as case information, cervical spine
sagittal sequence parameters, and fracture classification were assessed. Correlations between surgical information, American
Spinal Injuries Association grade (ASIA), modified Japanese Orthopaedic Association scores (mJOA), and other factors were
analyzed to establish a nomogram predictive model for curative effect outcomes. Overall, three major types and the four subtypes
of AS cervical spine fractures were evaluated based on the clinical efficacy of the classification and the selection of surgical
treatment methods. Result. The most common type of fracture was type II (30 cases, 33.33%), most of the subtypes were A (37
cases), followed by B (36 cases) and C (17 cases). Twenty-four of 28 patients with type I underwent anterior surgery, and 47 of 62
patients with type IT and III underwent posterior surgery. The average follow-up time was 25.76 + 11.80 months. The results of
predicting clinical variables are different but include factors such as fracture type and subtype, type of operation, and age. The
predictor variables include the above-mentioned similar variables, but survival is more affected by the fracture type of the patient.
Conclusion. This predictive model based on follow-up information delineation points out the impact of ankylosing spondylitis
cervical spine fracture classification on surgical selection and clinical efficacy.

1. Introduction

Ankylosing spondylitis (AS) is a progressive inflammatory
rheumatic spondyloarthropathy affecting nearly 0.5% of the
global population [1, 2]. The rigid segment becomes stiff; the
lever arm deforms and is more likely to fracture following a
small amount of force. It is estimated that the relative risk of
AS vertebral fractures is thrice that of the global population.
About 14% of AS patients experience a fracture in their
lifetime [3, 4]. More than 80% of fractures in AS patients are

associated with the lower cervical spine and the cervical-
thoracic junction [1, 5]. Although various sophisticated
surgical techniques have been developed to explore the
treatment of cervical spine fractures in AS, the management
of patients with AS may still be complicated by the presence
of high risk of limited spinal motion, osteoporosis, potential
clinical complications, or neurological injury [1, 3, 6, 7]. In
addition, the incidence of cervical spine fractures in AS is
low, and some patients even lose their lives early in the
trauma due to direct spinal cord injury. The basis for clinical
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management of cervical fractures in AS is staging, but
unfortunately, the classification is still ambiguous and tends
to separate from actual clinical observations. So far, there is a
lack of cumulative clinical predictive analysis and classifi-
cation-related surgical methods and outcome selection
criteria [8]. This adds uncertainty to the effective inter-
vention of AS cervical spine fractures and surgical expec-
tations. Also, there are often unexpected results and
improper surgical applications caused by the “the injury of
both people and money” phenomenon.

In this study, we adopted the AS cervical spine fracture
classification method based on the combination of surgical
experience and clinical surgical observation. We considered
both a neurological condition and a radiological assessment
[2]. With the accumulated cases, we attempted to analyze
and predict the treatment situation under the new classi-
fication by reviewing the previous treatment expectations.
This provided a new basis for the clinical treatment of AS.

2. Materials and Methods

2.1. Retrospective Demographics. We retrieved 128 inpatient
and outpatient electronic medical records from January
2009 to May 2018 in Qingdao University Affiliated Hospital
for cervical spine fractures with imaging diagnosis of AS.
All patients were hospitalized to have received surgical
cervical spine interventions or cervical rehabilitation
treatment. Data collected included basic statistics of pa-
tients, symptoms, and intervention options. This leads to a
summary of the types of surgery and fracture types. This
study has been approved by the Medical (Ethics) Com-
mittee of the Affiliated Hospital of Qingdao University
(QDFY WZ 2015-15-07), and all participating patients are
in compliance with ethical standards.

2.2. Prospective Demographics. We conducted a prospective
5-year follow-up study on 90 patients with AS cervical spine
fractures from June 2015 to August 2020. The hospital ethics
committee approved each intervention and research project.
Before the operation, the patients were treated according to
the new classification summarized through retrospective
analysis. Patients signed an informed consent statement
either by themselves or by family members. Data collected
included patient case information, imaging cervical spine
sagittal sequence parameters, and fracture classification.
Results included surgical information, ASIA score, mJOA
score, and so on.

2.3. Inclusion and Exclusion Criteria. For prospective
studies, inclusion and exclusion criteria are established. The
inclusion criteria were patients with clear clinical evidence of
AS combined with cervical fracture, and all study data were
recorded in the hospital electronic information system. The
clinical diagnostic criteria for ankylosing spondylitis are: (1)
restricted chest expansion with a maximum difference be-
tween expiration and inspiration of less than 2.5cm; (2)
sacroiliac arthritis seen on X-ray, bilateral grade II, unilateral
grade III, or higher; (3) restricted range of motion in three
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directions, including forward bending, backward bending,
and lateral bending of the lumbar spine; and (4) painful
stiffness in the lower back for more than three months that
does not improve with rest. The diagnosis of ankylosing
spondylitis can be confirmed if one of the fourth plus 1 to 3
items is present. Patients with an unconfirmed AS diagnosis,
upper cervical fracture, and significant spinal deformity were
excluded, as were patients with injuries sustained earlier
during the disease progression when the spine was still
flexible [9]. All the patients were evaluated using X-rays, CT,
and MRI before surgery to describe the circumstance of the
injury site and the details of the spinal cord.

2.4. Classification and Treatment of Fracture. CT scan was
used as an important examination for fracture staging,
using 128-row medical spiral CT equipment (GE, Mil-
waukee, Wisconsin, USA), setting scan parameters: tube
current, 200 mA; layer thickness and reconstruction in-
terval, 5mm and 5mm, respectively; display field of view
(DFOV), 20 cm; interval, 0.531:1; pixel interval, 0.430 mm;
and spiral transient switching between 140kVp and
80kVp. Image reconstruction and analysis were per-
formed using an advanced workstation (AW 4.7; GE
Healthcare, USA), and all organ unit scans were performed
according to routine procedures for scanning major
pathological units, with informed consent from the family
and the patient himself and ethical approval on file by the
hospital.

Prior to further treatment, the fracture was classified into
three types based on the fracture line and severity: type I, disc
injury; type II, vertebral body injury; and type III, vertebral
body and disc injury. Four subtypes were also defined as
follows: (A) fracture without dislocation, (B) fractures with
dislocation without obvious bone defects, (C) fractures with
obvious dislocation or severe bone gap, and (D) fractures
with epidural hematoma or CSF leakage (Figure 1). Pre- and
intraoperative skull tractions were used to immobilize the
spine especially when the fracture was unstable.

All these patients underwent intraoperative neuro-
physiologic monitoring (IONM) including sensory and
motor-evoked potentials during surgery [10]. Patients with
incomplete neurological deficits were treated urgently
(within 24 hours), whereas those with complete and central
cord syndrome were surgically treated at a later time [2].
Surgical procedures were determined according to the dif-
ferent individual factors, such as fracture location, numbers
of involved segments, fracture types, neurological deficits,
among others.

Anterior decompression and fusion (AF) were con-
ducted on at least one segment above and below the fracture
site if anatomical access was permitted. A tricortical iliac
graft was placed into the disc or fracture defects, and a plate
internal fixation was then performed [5]. The posterior
approach (PF) was conducted with long segments fixation in
cases of instability, using the Mayfield head holder for
traction and locking [8]. A combined laminectomy was
performed on cases involving neurological deficit or epi-
dural hematoma.
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Halo-vest, sterno-occipital mandibular immobilization
device (SOMI), or cervical collar was given to obtain cervical
immobilization for 1-1.5 months after surgery.

All surgeries are performed by a unified team of six
surgeons of equal level and appropriate rank and clinical
background, and more importantly, the surgeons are fully
executed intraoperatively with a consensus team preoper-
ative discussion as the established plan for the surgery.

2.5. Evaluation Index. The clinical follow-up examinations
were performed up to 5 years postoperatively. CT scans and
X-rays evaluations were taken at each follow-up. The clinical
outcomes were assessed using the ASIA grade and mJOA
score. The ASIA grading scale is a neurological assessment of
spinal cord injury developed by the American Spinal Cord
Injury Association (ASIA), which classifies spinal cord in-
juries into grades A-E, with the degree of injury decreasing
as the grade increases, focusing on the evaluation of neu-
rological structure and function, while the modified Japa-
nese Orthopaedic Association cervical spinal cord scoring
system (mJOA) focuses more on the clinical evaluation of
neurological function, with a total score of 18 points, in-
volving the motor function of the upper extremity (5 points),
lower extremity (7 points), sensation (3 points), and uri-
nation (3 points), with lower scores indicating more severe
disability and impairment of spinal cord function. Secondly,
injury site, fracture patterns, surgical procedures, fixation
levels, operation time and blood loss, fusion rate, and
complications were also documented. Complications were
categorized as general (such as infection, respiratory failure,
or death) and surgical (such as early implant failure or screw
loosening).

Imaging measurements are measured by standard X-rays
in the corresponding position, and the measurement pa-
rameters and methods are: (1) C,_, COBB (°): C,_, COBB’s
angle is the angle between the lower endplate of C, and the
upper endplate of C; (anterior convexity is negative), (2)
c¢SVA (mm): cervical sagittal vertical axis is the C, vertebral
body midpoint vertical axis to the distance of C; vertebral
body posterior superior angle, and (3) T slope (°): T; tilt
angle is the angle between the tangent line of the upper
endplate of T; vertebral body and the horizontal plane.

2.6. Statistical Analysis. Continuous data were presented as
the mean + standard deviation or median, the interquartile
range, whereas the categorical data were presented as counts
(percentages). According to the specific results, the sample
size was calculated dependent on the regional incidence rate.
Due to the five-year follow-up, all subjects had quality of life
follow-up results. Multivariate logistic regression was used
to establish a binary outcome prediction model, while
multiple variables were used to establish a numerical out-
come prediction model linear regression. The candidate
variable of each model was a screening step where the P
value was less than 0.3 in the univariate analysis. For the
relaxation of the linear assumptions of numerical predictors,
we used a restricted cubic spline function model [11].
Calibration was conducted by plotting the predicted patient

proportion for each outcome and developing the actual
proportion sample (obvious) and guide sample (bias cor-
rection) on each outcome for the original outcome. Ap-
pearance closely following the 45° equivalence line (ideal
line) indicated high model calibration. For the numerical
results, each final model reached the maximum deviation
correction consistency correlation coefficient (pressure re-
duction CCC R software package). It represents the model fit
through the adjusted coefficient of determination (R%).

3. Results

3.1. Descriptive Data. Of the 128 patients, 90 (81 males and 9
females) were enrolled and subjected to follow-up consec-
utively. Their mean age was 52.1 + 10.4 years (range, 29-77).
Three patients (3.33%) had 1 vertebral body or disc involved,
whereas 87 patients (96.67%) involved 2 or more bodies.
Notably, C6, C7 body, and C6-C7 disc were the most fre-
quently involved (84 patients, 93.33%).

3.2. Surgical Approach Related to Classification. Here, 82
patients underwent surgery according to our classification
except for one patient who was subjected to revision surgery
(AF + PF) because of early AF failure, and another three
patients who underwent posterior surgery combined ante-
rior surgery (PF + AF) owing to a sizeable anterior gap after
posterior fixation (Figure 2).

An anterior-only approach was performed on 31 patients
including the 1 patient mentioned above who underwent
anterior surgery firstly, followed by AF +PF for revision.
Besides, 48 patients underwent a posterior-only approach.
The fixation segments related to classification are summa-
rized in Table 1.

In type I (a total of 28 patients), 24 patients underwent
anterior surgery, whereby 1 patient needed revision surgery
after AF, while posterior surgery was performed on one
patient. In type II (a total of 30 patients), 27 patients un-
derwent posterior surgery, whereas anterior surgery was
performed on 1 patient (type IIA). In type III (total 32
patients), 20 patients underwent posterior surgery with the
fixation on more than 3 segments, whereas anterior surgery
was performed on 6 patients; in addition, three patients
received PF + AF. In addition, we have followed the principle
of individualized surgical protocols, giving priority to: (1)
maximum release of the spinal cord injury, (2) least trau-
matic and most mechanically stable fixation, and (3) best
survival expectations and postoperative needs.

Using the anterior-only approach, the operation time
was 130 +41.7 minutes (range: 80 to 305min) on average
and 185.9 +£46.5 minutes (range: 110 to 280 min) in the
posterior-only approach with significant difference
(P <0.001). Intraoperative blood loss during the anterior-
only approach was 177.6 + 138.0 cc on average (range: 50 to
800 ml), and 494.4 + 313.6 cc (range: 100 to 1500 ml) in the
posterior-only approach with significant difference
(P <0.001). There was a statistical difference in operation
time and blood loss among type I, II, and III groups
(P =0.020 and 0.027, respectively; Figure 2). The average
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FIGURE 1: Fracture classification.
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FIGURE 2: Treatment basis diagram.

operation time was 140.6+49.7 minutes in type I,
178.3+37.5 in type II, and 176.3 £ 62.4 in type IIL. In type I,
the average blood loss was 231.4 + 247.5 cc, whereas it was
485.8+237.3 in type II and 447.5+336.2 in type IIL
However, there was no statistical difference in average op-
eration time and blood loss among subtype A, B, and C
groups (P = 0.534 and 0.444, respectively).

3.3. Distribution of Fracture Types in Retrospective Analysis.
According to our classification, different type and subtype of
these fractures were recorded, including type I (28 patients,

31.11%), type II (30 patients, 33.33%), and type III (32
patients, 35.56%). The most common fracture pattern was
type ITA (15 patients, 50%), and the majority of subtype was
A (37 patients), followed by B (36 patients) and C (17 pa-
tients; Figure 3).

3.4. Basic Information in Prospective Research. In the pro-
spective analysis, a total of 90 patients were selected, in-
cluding 81 males and 9 females. The specific information of
these 90 patients is given in Table 1.

3.5. Classification and Predictors of Treatment Outcomes.
Prediction of clinical outcome was mainly classified as
follows (Figure 4): the patients who were followed up for 36
months were classified according to the main classification,
and the survival curve was generated according to the
survival situation of the patients. It is evident that the
survival rates of type I and II patients in the main classi-
fication are basically the same; there is a slight decline in the
first 6 months, whereas the survival rate remains unchanged
during the remaining time (Figure 4). However, the survival
rate of type III was significantly different from the first 2
types. In the first 12 months, the survival rate of patients of
this type dropped sharply, especially in the first 6 months;
the decline was more obvious. After 12 months, the patient’s
survival rate remained constant at about 60%, which was
much lower than that of type I and II patients. Comparing
the survival rates of the 3 types of fractures in pairs, there was
no significant difference between types I and II (P >0.05),
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TABLE 1: Basic information.

Total
. o .

Variable N (%) or median (IQR) number

Sex 90
Female 9 (10%)

Male 81 (90%)

Age 90
>60 20 (22.2%)
<60 70 (77.8%)

BMI 90
<25 46 (51.1%)
>25 44 (48.9%)

Smoking 90
Yes 34 (37.8%)

No 56 (62.2%)

COBB 90
<10° 58 (64.4%)
>10° 32 (35.6%)

cSVA 7.8 (6.25-9.15) 89

T1 slope 34.2 (30.05-38)

Fracture site 6 (2-8) 90
Single 27 (30%)

Multi 63 (70%)

Fracture type 90
1 28 (31.1%)

1I 30 (33.3%)
111 32 (35.6%)

Subtype 90
A 37 (41.1%)

B 36 (40%)
C 17 (18.9%)

Preoperative ASIA 90
A, B, C 47 (52.2%)

D, E 43 (47.8%)

Preoperative mJOA 90
Operation time 155 (120-210) 81
Blood loss 300 (150-500) 81

Treatment 90
PF 48 (53.3%)

PF + AF 3 (3.3%)
Conservative treatment 8 (8.9%)
AF 31 (34.4%)

while type III was highly significantly different whether it is

type I or II (P <0.05).

Prediction of subtype clinical outcome (Figure 5): the 36-
month follow-up patients were classified according to
subtypes, and survival curves were made according to the
survival conditions of patients. By drawing a survival curve
based on subtypes, we reported a certain degree of difference
in the survival rates of the 3 types of patients. The survival
rate of type A patients dropped slightly in the first 3 months;
the survival rate of type B patients dropped to a certain
extent within 6 months; and the survival rate of type C
patients dropped significantly within 12 months. The sur-
vival rate of patients with types A and B was relatively small
(P >0.05) but could be maintained above 90%, and the main
decline time was in the first 6 months. However, the survival

The treatment of fracture type
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FIGURE 3: Statistics of fracture types and treatment methods.
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FIGURE 5: Prediction of subtype clinical outcomes (survival curve).



rate of type C decreased significantly in the first 12 months,
especially in the first 6 months where the survival rate of
patients dropped sharply. Besides, the survival rate of type C
patients was maintained at about 50% after 12 months,
which was much lower than types A and B. Notably, the
survival rate of type C patients was significantly different
from that of type A or B (P <0.05).

Based on the above results, we constructed a predictive
evaluation nomogram for fracture classification and clinical
evaluation (Figure 6), which was validated using a calibra-
tion curve (Figure 7). The deviation-corrected c-index of the
one-year survival rate was 0.63. For the QOL index, R* = 0.4
after deviation correction adjustment.

3.6. Predictors of ASIA. After analyzing data of the collected
cases, 13 factors such as gender, age, and BMI were com-
pared. Compiled results are presented in Table 2. The data
mainly elucidated the type of fracture risk and 95% confi-
dence interval. Thereafter, the obtained data were calibrated
using a uniform standard to obtain the most valuable results
with the smallest variables. To evaluate the impact of the
ASIA score on the occurrence and development of fractures,
the surgical method was inferred.

Notably, factors including gender, smoking or not,
COBB angle, and T1 tilt rate were not statistically significant
in the risk of fracture (P> 0.05; Table 2). The difference
between BMI and ASIA scores may be attributed to the
different risks of fracture (P <0.05). A larger BMI index
indicated a worse ASIA score, which increased the proba-
bility of fracture. Moreover, the ASIA score was more closely
related to the occurrence of fractures and had a higher
correlation. Of note, the 95% confidence interval of the ASTA
score was 3.79-433.73, which could correlate the fracture
classification with the ASIA score.

3.7. Predictors of mJOA. Similar to the ASIA score, the
factors related to the mJOA score are presented in Table 3.
Among them, gender, COBB angle, T1 tilt rate, and fracture
type and risk were not statistically significant (P> 0.05).
Moreover, mJOA had a high correlation with the type and
probability of fracture (P < 0.05). Similarly, in comparison to
the data related to the ASIA score, BMI was not statistically
significant at this time (P > 0.05). Although slight differences
in specific values were reported (Tables 2 and 3), the overall
trend was the same. This demonstrated that the type of
fracture is not only related to the ASIA score but also to
mJOA. The 95% confidence interval of mJOA was 0.5-0.84
(see Table 3). Thus, we speculated that this would be more
accurate in predicting the type of fracture and the risk of
occurrence. Compared with other factors, the significance of
mJOA in the data may be more significant. Through a
comprehensive comparison, in the fracture classification, the
ASIA score may also have a certain correlation with mJOA.

3.8. Cox Regression Analysis of Fracture Predictors.
Through COX regression analysis, we revealed the factors
that may be attributed to different fracture types (Table 4).
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Among them, age, ASIA score, and mJOA score significantly
had a huge impact on the predictive factors of fracture
(P <0.05). There is no doubt that age had a definite influence
on the occurrence of fractures. With the increase of age,
especially the elderly above 60 years, the risk of fracture
inevitably increased, and the type of fracture was more
severe.

At the same time, the role of the ASIA score and mJOA
score in the types of fractures could not be ignored. As the
degree of fracture worsened, severe spinal cord injury in-
evitably led to more obvious sensorimotor disorders. We
validated this phenomenon using COX regression analysis.
Results demonstrated that ASIA score and mJOA score were
important predictors; thus, their influence cannot be ig-
nored, and they were highly correlated. Among them, the
95% confidence interval of the ASIA score was 1.48-88.85,
whereas that for the mJOA was 0.47-0.83, indicating their
highly significant correlation with the type of fracture.

4. Discussion

4.1. Cervical Fracture Characteristics and Classification
Related to AS. AS, which is a chronic disease, typically starts
before the age of 30 with a slow but steady progression
[11, 12]. In the present study, patients suffering from AS for
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TaBLE 2: Logistic and ASIA.
Variable Unadjusted OR (95% CI) P value Adjusted OR (95% CI) P value
Sex (female vs. male) 0.51 (0.1-2.63) 0.423
Age (260 vs. <60) 7.28 (2.42-21.88) 0 2.31 (0.35-15.21) 0.383
BMI (=25 vs. <25) 0.3 (0.12-0.76) 0.011 0.26 (0.06-1.2) 0.084
Smoking (yes vs. no) 0.69 (0.28-1.73) 0.435
COBB score (>10° vs. <10°) 1.01 (0.41-2.49) 0.992
cSVA (every 1 increment) 1.2 (1-1.43) 0.051 1.23 (0.89-1.69) 0.205
T1 slope (every 1 increment) 0.94 (0.87-1.03) 0.187
Fracture site (single vs. multiple) 0.16 (0.04-0.57) 0.005 — —
Fracture type <0.001 0.821
I Reference Reference
il 0.33 (0.08-1.45) 0.142 — -
111 5.73 (1.86-17.63) 0.002 1.8 (0.29-11.35) 0.53
Subtype 0.072 0.869
A Reference Reference
B 1.19 (0.43-3.28) 0.739 1 (0.17-6.08) 0.997
C 3.86 (1.15-12.91) 0.029 1.64 (0.23-11.44) 0.62
ASIA (A, B, and C vs. D and E) 74.12 (9.35-587.66) <0.001 40.52 (3.79-433.73) 0.002
mJOA (every 1 increment) 0.68 (0.57-0.81) <0.001 0.91 (0.69-1.2) 0.495
Treatment
AF Reference 0.741
PF 1.34 (0.51-3.56) 0.556
PF + AF 1.22 (0.1-15.23) 0.876
Conservative treatment 2.44 (0.5-11.97) 0.27
TaBLE 3: Logistic and mJOA.
Variable Unadjusted OR (95% CI) P value Adjusted OR (95% CI) P value
Sex (female vs. male) 1 (0.25-4) 1
Age (=60 vs. <60) 10.69 (2.3-49.59) 0.002 4.73 (0.45-49.46) 0.194
BMI (225 vs. <25) 0.76 (0.33-1.74) 0.51
Smoking (yes vs. no) 0.47 (0.2-1.13) 0.091 0.24 (0.06-0.95) 0.043
COBB score (210° vs. <10°) 0.96 (0.4-2.28) 0.922
cSVA (every 1 increment) 0.95 (0.8-1.11) 0.507
T1 slope (every 1 increment) 0.99 (0.92-1.07) 0.821
Fracture site (single vs. multiple) 0.21 (0.08-0.56) 0.002 0.05 (0-1.28) 0.07
Fracture type 0.003 0.538
1 Reference Reference
I 0.33 (0.08-1.45) 0.142 3.68 (0.15-88.42) 0.421
11 5.73 (1.86-17.63) 0.002 0.61 (0.1-3.56) 0.578
Subtype 0.001 0.053
A Reference 0.04 Reference
B 1.19 (0.43-3.28) 0.739 2.29 (0.56-9.37) 0.25
C 3.86 (1.15-12.91) 0.029 16.73 (1.62-172.93) 0.018
ASIA (A, B, and C vs. D and E) 8.54 (3.29-22.18) <0.001 2.93 (0.75-11.45) 0.123
mJOA (every 1 increment) 0.64 (0.54-0.77) <0.001 0.65 (0.5-0.84) 0.001
Treatment
AF Reference 0.866
PF 1.06 (0.43-2.63) 0.902
PF + AF 0.41 (0.03-5.03) 0.487
Conservative treatment 1.37 (0.28-6.78) 0.697

an average of 25-28 years at the time of injury [5, 13] were
enrolled for analysis. Notably, the age distribution indicated
that cervical fracture in AS is, in most cases, associated with
patients between the age of 40 and 60 years (58 patients,
71.60%). Previous reports demonstrated that 75% to 81% of
cervical fractures with AS involved lower cervical spine
(C5-C7) [3, 14], a finding that was nearly consistent with our
results.

Due to the long lever arms and biomechanics of the
ankylosed spine, the classical three columns were not ap-
plicable for managing cervical fracture in AS patients [8, 15].
Although the new AO spine fracture classification system
introduced the modifier M2 to mark the severity of the
fracture with AS, it is only applicable for thoracolumbar
fracture [16]. Recently, three classifications have been de-
veloped concerning AS-related cervical fractures [4, 9, 17].
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TaBLE 4: COX and OS.
Variable Unadjusted HR (95% CI) P value Adjusted HR (95% CI) P value
Sex (female vs. male) 0.04 (0-130.87) 0.44
Age (260 vs. <60) 13.09 (3.53-48.49) 0 2.93 (0.6-14.32) 0.185
BMI (=25 vs. <25) 0.46 (0.14-1.53) 0.205
Smoking (yes vs. no) 1.2 (0.38-3.78) 0.756
COBB score (>10° vs. <10°) 0.38 (0.12-1.21) 0.101
cSVA (every 1 increment) 1.01 (0.81-1.26) 0.931
T1 slope (every 1 increment) 0.95 (0.85-1.07) 0.381
Fracture site (single vs. multiple) 0.2 (0.03-1.55) 0.124
Fracture type 0.01 0.59
I Reference Reference
I 0.95 (0.06-15.17) 0.971 0.55 (0.03-11.43) 0.701
III 10.33 (1.32-80.74) 0.026 1.65 (0.14-19.59) 0.69
Subtype 0.001 0.085
A Reference Reference
B 3.16 (0.33-30.33) 0.32 3.01 (0.3-29.73) 0.346
C 21.47 (2.68-171.94) 0.004 9.24 (1.04-82.06) 0.046
ASIA (A, B, and C vs. D and E) 11.46 (1.48-88.85) 0.02 1.46 (0.11-18.56) 0.773
mJOA (every 1 increment) 0.63 (0.47-0.83) 0.001 0.77 (0.53-1.11) 0.155
Treatment 0.741
AF Reference
PF 172324.78 (0-2.994E + 144) 0.941
PF+ AF — —
Conservative treatment 386706.5 (0-6.727E + 144) 0.937

Metz-Stavenhagen et al. described two subtypes for
cervical fracture in AS: type I, the complete disruption of
anterior and posterior bony and ligamentous structures, and
type II, the sintering fracture, often after a minor injury,
unnoticed by the patient [8, 9]. Elsewhere, de Peretti et al.
described a classification of four fracture types according to
radiographic dislocation: type I with anterior opening, type
IT with horizontal dislocation, type III non-displaced, and
type IV being similar to spinal fracture and unrelated to AS6.
In addition, the classification introduced by Caron et al.
involved the radiographic course of the fracture line (type I,
disc injury; type II, body injury; type III, anterior body or
posterior disc injury; and type IV, anterior disc or posterior
body injury). Collectively, these classifications remained
academic, and no impact of fracture type on patient treat-
ment or outcome has been described until now [8]. Thus, we
assessed the radiographic fracture severity and presented a
new classification for further treatment and prediction of
outcomes. The classification was as follows: type I, disc
injury; type II, body injury; and type III, body and disc
injury, and three subtypes were added (A, fracture without
dislocation; B, obvious dislocation without bone defects; and
C, obvious dislocation and bone defect in the vertebral
body). Types L, I1, and I1I presented the transverse diaphyseal
long bone fracture with different fracture lines, whereas
subtypes A, B, and C revealed cervical fracture severity
complicated with dislocation or bone defect in the vertebral
body. We also revealed that type III and subtypes B and C
may be the most unstable patterns, which should be taken
into thoughtful consideration before the surgical approach;
however, fixed segments were chosen.

In addition, this study combined the characteristics of
the three original typologies to combine clinical prognosis
and spinal cord functional recovery, presenting not only the

anatomical characteristics of AS cervical fractures but also
taking into account the risk factors of spinal cord injury,
making the typology closely related to the choice of treat-
ment, which is the advantage of this study’s typology.

4.2. Choice of Treatment Related to Different Fracture
Classifications. Treatment for this kind of fracture was
controversial. It has been described that the fracture without
dislocation or neurological deficit may be the gold standard
for conservative treatment. This typically involved bed rest,
axial traction, and immobilization with halo-vest [5]. Once
an unstable cervical fracture was confirmed, patients could
be managed with axial traction or through immobilization
[18]. Of note, these conservative treatments were associated
with significant problems: risk of skin ulcerations, local
septic, and respiratory problems, worsening of the regional
kyphosis with loss of reduction, risk of non-union because of
the shearing forces on the fracture site [19], and risk of
neurological aggravation [20]. Overall, we suggest that
conservative treatment only may not be suitable for this kind
of fracture, particularly, in patients with severe neurological
symptoms and unstable patterns such as type III and sub-
types B and C. Furthermore, we strongly recommend sur-
gery for a cervical fracture in AS, which is presently widely
used [11, 21-26]. The procedures had been described in-
cluding anterior approach, posterior approach, and com-
bined approach, and the surgical procedures in relation to
classification were analyzed as described below.

4.3. Anterior Approach. Although the anterior approach
may pose less trauma, blood loss, and operation time and
minimize risks of displacement during positioning and
postoperative infections [15], the anterior-only approach



Pain Research and Management

was not recommended for transverse, rotationally unstable
fractures in AS [27]. Beyond that, many patients with AS
were kyphotic, and the anterior access was anatomically
impossible especially when the fracture was located at the
cervicothoracic junction [8]. Therefore, the inferiority of the
anterior-only surgery was reflected by the finding from
several previous studies, in which implant failure occurred in
the anterior-only treated patients [28, 29]. For instance,
Kouyoumdjian et al. [5] suggested that anterior plate fixation
may provide sufficient stability if the hardware is long
enough to avoid significant moment arms.

In our series, 36 patients underwent an anterior-only
approach, and most of them were type I (30 patients, 83.3%)
with transdiscal fracture, located between the former end-
plates. We considered that this type of fracture may preserve
the bone stock of the anterior column with fair contact
between the fragments without adding the anterior graft.
Although we tried a shorter fixation in patients with the mild
transdiscal fracture (type IA) who were treated with SOMI
postoperatively for additional immobilization and showed
satisfactory outcomes (Table 1), we still recommended a
longer segment fixation in type I in case of implant failure
(Figure 8).

4.4. Posterior Approach. Multilevel posterior-only approach
for lower cervical fracture seemed biomechanically rea-
sonable, even if the posterior approach may have consid-
erable bleeding and more risk of infection. Posterior-only
fixation was strong and stable with few implant failures, and
the fixed region was sufficient with two segments above and
two below the fracture segment [30, 31].

In our series, 42 patients underwent posterior-only
approach, most of them were treated with long-segment
fixation (39 patients, 92.9%), and only 3 patients in type IIA
were treated with fixation equal to or less than 3 segments
(Table 1). We have found that posterior fixation alone for
lower cervical fracture was sufficient to obtain fusion if the
fixation was long enough (Figure 9). Postoperatively, an
additional cervical collar was mandatory with long-segment
fixation, whereas SOMI for immobilization was initially
preferred in patients with shorter segment fixation [18].

4.5. Combined Approach. A combined approach may be
necessary only when the structural integrity of the vertebral
body has been significantly compromised. Circumferential
fusion should be a suitable method for these reasons: three-
column instability, poor bone quality, and severe
kyphosis [28].

In our experience, posterior decompression or fixation
was performed combined with the anterior surgery when
posterior compression and instability or epidural hematoma
were noted on MRI with persistent neurological deficits after
anterior surgery, or revision surgery was needed [5]. Sim-
ilarly, anterior decompression and fixation were conducted
after posterior surgery when anterior compression, signifi-
cant instability, or severe anterior bone defect was revealed;
notably, neurological deficits did not completely regress after
posterior surgery. In our series, we conducted revision

surgery (AF + PF) in one patient with early implant failure.
Posterior surgery combined anterior surgery (PF + AF) was
performed in three patients who underwent an anterior
autologous iliac bone interbody fusion because of a sizeable
anterior gap after posterior surgery.

In a nutshell, we do not recommend a one-stage com-
bined approach as the first choice owing to increased blood
loss, operation time, and complication. Thus, we preferred a
unique approach most of the time. In type I, we preferred an
anterior-only approach (> 3 segments) if anatomical access
permitted. In types II and III, we recommended the pos-
terior-only approach (>3 segments) as the first choice.
However, if long posterior instrumentation was performed,
the anterior access became obsolete, since stabilized frac-
tures related to AS had a tendency to heal, even if slight
anterior defects were present. The fixation allowed early
rehabilitation with molded collar or SOMI for stronger
immobilization postoperatively. Thus, we preferred the
anterior-only approach in type I most of the time, whereas
the posterior-only approach in types II and III, and fixations
were long but not systematically circumferential.

4.6. Outcomes and Complications. In our series, the criteria
for determining bone fusion on CT are: (1) the presence of
bridging bone trabeculae around the fracture line on the thin
scan, (2) the presence of bridging bone trabeculae through
the fusion device, (3) the presence of the above fracture
healing signs in at least two vertical null straight scan planes,
and (4) the presence of both of the above. All living patients
achieved bone fusion confirmed by CT scan at last follow-up
and improved or maintained their neurological status except
for three patients who suffered deterioration in neurological
status after surgery. The fracture subtype related to fracture
severity may be predictive of neurological status and out-
comes. Also, patients with subtype C may have more severe
neurological symptoms and poor recovery, followed by
patients with subtypes B and A. This indicated that subtypes
may be related to neurological deficits and outcomes.

Moreover, AS Patients with cervical fractures were ex-
tremely prone to complications after surgical intervention.
In another study, Einsiedel et al. [28] revealed that early
implant failures occurred exclusively after single-session
anterior stabilization (50%). In our series, two patients
developed early implant failure or screw loosening after
anterior stabilization alone. Implant failure may be attrib-
uted to difficult anatomy and osteoporosis of the spine and
the surgeon’s misunderstanding of biomechanics. For such
predictable implant failures, we have taken compensatory
measures in the form of adjunctive external fixation in all
postoperative cases and opted for compensatory measures in
the form of reoperation for endograft failures that may
endanger neurological function.

As with other published reports [1, 5], the overall
mortality rate in this injury was higher (33%), and related to
the initial medullary involvement, the death in our series was
in one patient (type IIIC, ASIA B before the surgery), who
had significant medulla injuries visible on MRI. The patient
was aged above 70 years with poor condition and died of



10 Pain Research and Management

(d) (e)

(e)

FIGURE 9: Treatment of type IIA; most fracture patients can be treated with posterior surgery, which is safer.

respiratory failure and infection. These fetal complications In the present study, the obvious epidural hematoma was
may necessitate making difficult decisions regarding post-  identified on neuroimaging or during operation in nine
operative immobilization to avoid chest compressions and  patients (Figure 1), with a higher risk than in the non-AS
significantly interfere with the surgical strategy [18]. population. All these patients presented with severe
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neurologic deficits (ASIA A or B). Although they experi-
enced an improvement in their clinical status after surgery,
there were still severe neurological deficits at the last follow-
up. Thus, the hematoma could be a key factor in AS patients
with cervical fracture as being predictive of severe neuro-
logical deficits and poor recovery.

4.7. Limitations. The limitations of this study are as follows:
(1) the partial time overlap between the retrospective and
prospective studies resulted in some patients appearing in
different studies, and there may be a small bias in the
summary of experience in the time frame; (2) the postop-
erative medical treatment of ankylosing spondylitis fractures
may have an impact on the prognosis and partially influence
the experimental results; and (3) the uncontrollable out-of-
hospital rehabilitation and the uneven postoperative reha-
bilitation exercise methods had some influence on the
clinical efficacy assessment of this study, which needs to be
further extended and controlled by improving the experi-
mental follow-up methods.

5. Conclusions

The present study demonstrated that patients with AS are
highly susceptible to cervical fracture and extensive neu-
rological injury caused by even mild traumatic force. X-ray,
CT, and MRI imaging were strongly recommended re-
gardless of whether minor initial clinical findings are
present. Since conservative treatment alone is inadequate for
this kind of fracture, we assessed the severity of the fracture
based on radiological findings and presented a new classi-
fication to assist surgeons in their efforts to provide optimal
surgical treatment.

Notably, the anterior-only approach is preferable in type
I as it presents satisfactory results, whereas the posterior-
only approach in types IT and III, and fixation is long but not
systematically circumferential. Also, the fracture subtypes
especially B and C often indicated a more severe neuro-
logical status. It was revealed that S patients with a cervical
fracture are extremely prone to complications after surgical
intervention, which is related to the severity of the initial
neurological presentation, and the epidural hematoma may
be a key factor in AS patients with cervical fracture as being
predictive of severe neurological deficits and poor recovery.

To better show our improved fracture classification, a
nomogram was introduced in data analysis. The nomogram
as an important data analysis tool may be of great signifi-
cance to clinical research. This analysis method has been
applied in many fields such as oncology and cervical dis-
eases. It enables clinicians and patients to choose more
reasonable treatment plans for specific diseases in a sys-
tematic manner based on data [32, 33].

Unfortunately, there was still no high-level evidence to
guide the treatment, and the current data was based on our
sentinel experience and small cases. Patients with obvious
kyphosis or deformity were not in our series; thus, further
studies are warranted to confirm these early findings.
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Objective. The present study investigated the clinical efficacy of percutaneous kyphoplasty (PKP) combined with calcitriol and
calcium in the treatment of traumatic nonosteoporotic vertebral compression fractures (TNVCFs). Methods. The patients were
equally divided into a control group and a treatment group by a random number table. The patients in the control group
underwent PKP surgery, and the patients in the treatment group received calcitriol and calcium on the basis of PKP surgery. The
visual analog scale (VAS) pain scores, Oswestry Disability Index (ODI) scores, the height of the anterior edge of the vertebral body,
Cobb’s angle, and the level of the bone mineral density of the two groups of TNVCEF patients before surgery were recorded and
compared, one and six months after surgery. Results. Thirty-six inpatients with TNVCFs admitted to the trauma center of the First
Affiliated Hospital of Soochow University from January 2019 to January 2020 were recruited. There were no significant differences
in the VAS and ODI scores, the height of the anterior edge of the injured vertebral body, Cobb’s angle, and bone mineral density
between the two groups before surgery (P >0.05). The VAS scores, ODI scores, the height of the anterior edge of the injured
vertebral body, and Cobb’s angle of the two groups of patients after surgery were significantly better than those before surgery.
One and six months after surgery, the VAS and ODI scores, the height of the anterior edge of the injured vertebral body, Cobb’s
angle, and the bone mineral density of the patients in the treatment group improved significantly compared to those in the control
group (P <0.05). Conclusions. PKP combined with calcitriol and calcium medications could significantly relieve pain, alleviate the
loss of compressed vertebral height and kyphosis, and improve the spinal function and the life quality of the TNVCF patients.

1. Introduction

Trauma is the leading cause of death in the youngest and
most productive individuals and the fourth leading cause of
mortality in all age groups [1]. Death, disability, and loss of
productivity imposed by trauma have imposed significant
economic burden and rehabilitation costs on the society and
families. Trauma often damages the musculoskeletal system,
including traumatic spinal fractures. As increasingly more
such injuries occur every day, traumatic spinal fractures can

lead to devastating consequences, including pain, deformity,
and paralysis [2-5]. Among the spinal fractures caused by
this high-energy impact, there is a special type of traumatic
nonosteoporotic vertebral compression fracture (TNVCE),
which is different from the osteoporotic vertebral com-
pression fractures (OVCFs) in osteoporotic patients, with
the latter generally caused by low-energy impacts. Treatment
for patients with vertebral compression fractures usually
includes bed rest, open reduction, internal fixation, and
minimally invasive percutaneous kyphoplasty (PKP).
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Since Garfin et al. [6] first reported the clinical application
of PKP in 1998, it has been widely used to correct spinal
deformities, relieve pain, and maintain spinal stability and has
gradually become the most popular surgical treatment for
OVCFs. In addition to surgical treatment, active anti-
osteoporosis treatment is the basis for OVCEF treatment since it
can improve the therapeutic effect of PKP and reduce long-
term complications. Calcitriol and calcium are the most
commonly used clinical antiosteoporosis drugs. Calcium is the
basic raw material for bone synthesis, and calcitriol can pro-
mote bone formation, increase the absorption of calcium in the
intestine, and play a crucial role in OVCF treatment. However,
the effectiveness of calcitriol and calcium in TNVCFs remains
controversial. There is still no unanimous consensus on the
management of TNVCFs with PKP.

This study enrolled 36 TNVCF patients admitted to the
trauma center of our hospital and explored the effect of
combined calcitriol and calcium on TNVCF patients un-
dergoing PKP. Our research tried to provide evidence for
clinicians to choose optimal treatment for TNVCF patients.

2. Materials and Methods

2.1. Inclusion and Exclusion Criteria. The inclusion criteria
were as follows: (1) patients presenting with spinal trauma
(an accident or severe fall); (2) X-ray and CT scans indicating
vertebral compression fractures, with the MRI showing that
the injured vertebrae had T1-weighted low signal and T2-
weighted high signal, consistent with a diagnosis of fresh
vertebral fracture; (3) normal bone mineral density (BMD)
(t-value > —1); (4) patients’ cooperation with the research
and effective communication with the researcher; (5) sub-
jects signing an informed consent form.

The exclusion criteria were as follows: (1) patients with
severe heart, liver, lung, and other organ diseases or mental
and nervous system conditions; (2) vertebral osteomyelitis,
vertebral tuberculosis, pathological fractures, and acute
infections; (3) neurological impairment, such as spinal cord
injury or cauda equina injury; (4) a history of osteoporosis;
(5) patients who could not cooperate, could not be followed
up, or could not perform imaging examinations on time.

2.2. Patient Population. According to the inclusion and ex-
clusion criteria, 36 TNVCEF patients were recruited from those
hospitalized in the trauma center of the First Affiliated Hospital
of Soochow University from January 2019 to January 2020.
Thirty-six patients were divided into the control and treatment
groups by a random number table (n = 18). Each case only had a
single-segment lesion. In the control group, there were 6 males
and 12 females, 18-56 years of age (average = 35.8 + 7.4). All the
involved vertebral segments were the thoracic (T) and lumbar
(L) vertebrae: two cases of T10, three cases of T11, five cases of
T12, four cases of L1, two cases of L2, and two cases of L3. In the
treatment group, there were eight males and ten females, 19-59
years of age (average =36.7 £+ 8.3). The involved vertebral seg-
ments were as follows: three cases of T10, four cases of T11, five
cases of T12, three cases of L1, one case of L2, and two cases of
L3. There was no statistically significant difference in general
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information between the two groups (P > 0.05); therefore, the
two groups were matched and could be compared. All the
patients signed informed consent forms, which were approved
by the Medical Ethics Committee of our hospital.

2.3. Surgical Procedure in the Control Group. In this study, all
the PKP procedures were performed by the same spine surgeon
in the trauma center. Patients in the control group were treated
with a standard PKP surgical procedure [7] and postoperative
management. Under C-arm fluoroscopy, the pedicle approach
was used for a bilateral vertebral puncture, and then a puncture
trocar was gently tapped into the vertebral body through a bone
hammer. When the C-arm fluoroscopy showed that the tip of
the puncture needle was located at the inner edge of the pedicle
and the posterior edge of the vertebral body, the puncture
needle was moved forward about 0.5 cm; then, the inner core of
the puncture needle was pulled out, and the K-wire was
inserted. A working cannula was inserted to obtain a small
amount of bone for pathological examination. Then, two ex-
pansion balloons were inserted, expanded sequentially, and
withdrawn after satisfactorily reducing the compressed vertebral
body. The prepared bone cement was slowly pushed into the
working sleeve from both sides. C-arm fluoroscopy confirmed
that the bone cement penetrated well, with no leakage. The
working casing was removed after the bone cement solidified.

2.4. Medications in the Treatment Group. After the PKP
procedure, the patients in the treatment group were pre-
scribed calcitriol (Rocaltrol, no. J20150011, Shanghai Roche
Pharmaceutical Co., Ltd.), 0.25 ug twice daily, and calcium
(Caltrate D, no. H10950029, Wyeth Pharmaceuticals Co.,
Ltd.), 0.6 g daily for six months.

2.5. Clinical and Radiographic Evaluation. During the entire
treatment period, the visual analog scale (VAS) score and
Oswestry Disability Index (ODI) score, the height of the
anterior edge of injured vertebrae, Cobb’s angle, and bone
mineral density (BMD) levels of the two groups of patients
were recorded before the PKP procedure and one and six
months after the procedure. A typical case of a 44-year-old
female patient with TNVCFs is shown in Figure 1.

2.6. Statistical Analysis. All data conforming to the normal
distribution were expressed as means + standard deviations
(x xs). Statistical analyses were performed using SPSS 22.0.
Comparisons before and after treatment were performed
using paired-sample t-test, and intergroup comparisons
were performed with independent-sample t-test. P <0.05
indicated statistical significance.

3. Results

3.1. VAS and ODI Scores between the Two Groups.
Table 1 indicates no significant differences in the preoper-
ative VAS scores between the two groups of TNVCEF patients
(P >0.05). Compared with the baseline, the VAS scores of
the two groups of patients decreased significantly (P < 0.05).
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TasLE 1: Comparisons of VAS scores between the two groups of TNVCF patients before and after the PKP procedure (x+s).
Time Control group (n=18) Treatment group (n=18) t P
Preoperative 7.98+0.83 7.56 +0.67 1.671 0.104
One month after surgery 3.45+0.56" 2.99+0.69" 2.196 0.035
Six months after surgery 2.66+0.45" 2.18£0.56* 2.835 0.008

*p <0.05 compared with the preoperative period.

At 1- and 6-month postoperative intervals, the VAS scores of
the patients in the treatment group were significantly lower
than those in the control group (P <0.05).

As shown in Table 2, there were no significant differences
in the preoperative ODI scores between the two groups
(P >0.05). Compared with the baseline, the ODI scores of
the two groups of patients decreased significantly (P < 0.05).
At 1- and 6-month postoperative intervals, the ODI scores of
the patients in the treatment group were significantly lower
than those in the control group (P <0.05).

3.2. Comparison of the Height of the Anterior Edge of Injured
Vertebrae and Cobb’s Angles between the Two Groups.
Table 3 shows no significant difference in the preoperative
height of the anterior edge of the injured vertebrae between
the two groups (P > 0.05). Compared with the baseline, the
height of the anterior edge of the injured vertebral body
increased significantly in the two groups (P <0.05). At 1-
and 6-month postoperative intervals, the height of the an-
terior edge of the injured vertebrae in the treatment group
significantly increased compared with the control group
(P <0.05).

Data in Table 4 show no significant difference in the
preoperative Cobb’s angle between the two groups of
TNVCEF patients (P >0.05). Compared with the baseline,
Cobb’s angles in the two groups of patients decreased sig-
nificantly (P <0.05). At 1- and 6-month postoperative in-
tervals, Cobb’s angles of patients in the treatment group
decreased significantly compared with the control group
(P <0.05).

3.3. BMD between the Two Groups. Table 5 shows no sig-
nificant difference in the preoperative BMD between the two
groups (P >0.05). There was no significant difference be-
tween preoperative and postoperative BMDs in the control
group (P>0.05). In the treatment group, postoperative
BMD increased significantly compared with the preopera-
tive BMD (P <0.05). At 1- and 6-month postoperative in-
tervals, the BMDs of the patients in the treatment group
increased significantly (P < 0.05) compared with the control

group.
4. Discussion

Traumatic spine fractures most commonly occur in the
thoracolumbar vertebrae (especially the T10-L2 region) and
can be divided into several types, including compression
fractures, stable or unstable burst fractures, flexion-dis-
traction fractures, and fracture dislocations. These patients’
need for surgery depends on several factors: the degree of

bone compromise, neurological involvement, and the in-
tegrity of the posterior ligamentous complex. OVCF is an
important factor leading to morbidity and even death of the
elderly, and one of its characteristics is low-energy impacts.
However, TNVCF, often occurring in young and middle-
aged individuals, is often caused by high-energy impacts.
TNVCEF patients usually experience a high level of pain and
disability.

The treatment goals of TNVCFs are to reduce pain,
restore vertebral height and mobility, and reduce the risk of
vertebral collapse. Treatment options include conservative
treatment, PKP, vertebroplasty, open reduction, and internal
fixation [8-12]. Conservative treatment includes bed rest,
waist protection, functional exercises, and appropriate
medications. In the past few decades, minimally invasive
PKP has become a popular treatment worldwide for patients
with vertebral compression fractures without neurological
impairment [13-15]. Many clinical studies have confirmed
that PKP fills the balloon in the vertebrae before injecting
bone cement to achieve partial reduction [16], relieving pain
and stabilizing the fractured vertebral body [17-19]. In this
study, all TNVCF patients successfully completed the PKP
surgical procedure, and the patients’ postoperative VAS and
IDO scores were significantly reduced. The heights of the
anterior edge of the injured vertebrae and Cobb’s angles
were restored significantly, indicating that PKP is a safe and
effective treatment option for TNVCF patients. Actually,
over the last decade, increasingly more surgeons have se-
lected PKP as a viable approach to treat posttraumatic
compression fractures [20-22], although PKP was mainly
used to treat OVCF initially. The current study confirmed
earlier findings. One prospective single-arm study found
that percutaneous cement augmentation (PVP and PKP) in
TNVCE patients could rapidly relieve pain and significantly
improve physical and social functions [23]. In a retrospective
study, the authors explored the evolution of vertebral and
regional kyphosis in TNVCEF patients treated with PKP,
reporting that PKP was an efficient and reliable procedure to
treat posttraumatic vertebral compression fractures, al-
though there was a slight deterioration of kyphosis cor-
rection over time. However, some patients still have a poor
prognosis after PKP surgery, accompanied by chronic pain
or gradual vertebral collapse. This may be related to the lack
of active drug treatment after surgery in some TNVCF
patients, which is exactly the focus of this study.

Vitamin D and calcium supplementation is essential to
prevent and treat osteoporosis and secondary OVCEF. Vitamin
D helps absorb calcium and phosphorus from the intestines
and maintain bone mineralization and muscle mass and has
potential benefits for other organs and systems [24]. Vitamin D
can be synthesized in the skin after exposure to the sun and can



4 Pain Research and Management
TabLE 2: Comparisons of ODI scores between the two groups of TNVCF patients before and after the PKP procedure (x ).
Time Control group (n=18) Treatment group (n=18) t P
Preoperative 50.67 +7.28 52.34+7.21 0.692 0.494
One month after surgery 34.71+6.08" 30.31+5.15" 2.343 0.025
Six months after surgery 15.44 +3.07* 13.02+2.76* 2.487 0.018

*p <0.05 compared with the preoperative period.

TasLE 3: Comparisons of the height of the anterior edge of injured vertebrae between the two groups of TNVCEF patients before and after the

PKP procedure (x+s, cm).

Time Control group (n=18) Treatment group (n=18) t P

Preoperative 1.49+0.11 147 +0.14 0.477 0.637
One month after surgery 1.96 £0.16" 2.08+0.19" 2.050 0.048
Six months after surgery 1.91+0.15 2.05+0.16" 4.256 0.011

*p<0.05 compared with the preoperative period.

TaBLE 4: Comparisons of Cobb’s angle between the two groups of TNVCF patients before and after the PKP procedure (x *s, °).

Time Control group (n=18) Treatment group (n=18) t P

Preoperative 25.27+3.19 25.09+2.99 0.175 0.862
One month after surgery 17.48 £2.21* 15.66 +2.11* 2.527 0.016
Six months after surgery 17.55+2.05" 15.83+1.78" 2.688 0.011

*p<0.05 compared with the preoperative period.

TaBLE 5: Comparisons of BMD between the two groups of TNVCF patients before and after the PKP procedure (x +s, g/cm’).

Time Control group (n=18) Treatment group (n=18) t P

Preoperative 0.98 £0.09 0.94+0.11 1.194 0.241
One month after surgery 1.03+0.11 1.11+0.12* 2.085 0.045
Six months after surgery 1.01 +£0.14 116 +0.15 3.102 0.004

*p<0.05 compared with the preoperative period.

also be taken in through a balanced diet. With changes in
modern lifestyles (reduced outdoor activities and unbalanced
diets), in addition to the elderly, some young and middle-aged
individuals may also suffer from vitamin D deficiency. Vitamin
D deficiency causes osteopenia and osteoporosis in men and
women, resulting in bone mineralization defects and muscle
weakness, which increases the risk of fractures and refractures
after surgery. This is especially true in patients with hip
fractures and spine VCFs [25]. Therefore, for the elderly,
middle-aged, and young people, especially patients with OVCF
or TNVCE, adequate vitamin D levels are a requisite for the
efficacy of surgical treatment and comprehensive drug treat-
ment. In addition, it is also important to ensure adequate
calcium intake through a balanced diet. Calcium and vitamin D
supplements can reduce secondary hyperparathyroidism in the
elderly, decreasing the risk of proximal femoral fractures [26].

BMD is a method of measuring bone mass and min-
eralization by dual-energy X-ray absorptiometry. Past meta-
analyses have shown that oral vitamin D3 and calcium
supplements in postmenopausal women can increase BMD
in the spine, body, femoral neck, and total hip, while oral
vitamin D3 supplementation alone is not effective [27]. This
sampling test was mainly for menopausal and postmeno-
pausal women, in which the subjects were given 800 IU of

vitamin D3 and 500mg of dietary calcium. In addition,
researchers have also found that 400 IU of vitamin D3 and
1000 mg of calcium can significantly increase hip BMD levels
[28].

The present study explored the effect of the combined use
of calcitriol and calcium on the surgical efficacy and BMD
levels in TNVCEF patients after PKP surgery. In this study, we
administered 0.5 pg of calcitriol (active vitamin D) and 600 mg
of calcium per day to the treatment group. The postoperative
indicators of both groups were significantly better than the
baseline one and six months after surgery. We also found that
compared with the control group at the same time intervals, the
VAS and ODI scores of the patients in the treatment group
decreased significantly after surgery. In addition, the height of
the anterior edge of the injured vertebrae and Cobb’s angle of
the injured vertebrae were restored significantly, and the BMD
levels increased significantly. There is growing evidence that
vitamin D and calcium are indispensable for bone minerali-
zation, with a key role in fracture healing [29, 30]. A fracture
could cause systemic bone loss and reduce 2-15% of total bone
mass compared to age-matched controls without fractures
[31, 32]. Since secondary posttraumatic bone loss might affect
bone mineralization and bone repair and daily dietary vitamin
D and calcium supply may not meet the body’s requirement for
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FIGURE 1: A 44-year-old female patient with TNVCF at L1 in the treatment group. (a) Anteroposterior X-ray film before surgery. (b) Lateral
X-ray film before surgery. (c) Vertebral compression fracture shown in the sagittal CT view before surgery. (d) A low-signal intensity in the
injured vertebrae shown in the sagittal T1-weighted MRI image before surgery. ((e), (f)) A high-signal intensity in the injured vertebrae
shown in the sagittal T2-weighted and short tau inversion recovery (STIR) MRI image before surgery. (g) Anteroposterior X-ray film one
month after surgery. (h) Lateral X-ray film one month after surgery. (i) Anteroposterior X-ray film six months after surgery. (j) Lateral X-ray

film six months after surgery.

callus mineralization, additional vitamin D and calcium sup-
plements are necessary when a fracture occurs. This partly
explains why the postoperative recovery in the treatment group
in the present research was significantly better than that in the
control group.

However, the present study had some important limi-
tations. First, only small groups of TNVCF patients were
included; therefore, a large-scale study of PKP is warranted
to reach more convincing conclusions. Second, the duration
of the follow-up period was only six months, with possible
negative impacts on our findings. Third, we did not de-
termine the levels of vitamin D3 and calcium in blood before
and after surgery. Serum calcium concentrations should be
better monitored to avoid hypercalcemia.

5. Conclusions

PKP can significantly relieve the pain, alleviate the loss of
compressed vertebral height and kyphosis, and improve the
spinal function and the quality of life of TNVCF patients.
The therapeutic effect of PKP combined with calcitriol and
calcium medications is significantly better than that of PKP

alone, and it is incumbent on surgeons to choose the best
strategy to treat patients with TNV CFs.
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Background. Due to the presence of multimorbidity and polypharmacy, patients aged 75 and older are at a higher risk for
postoperative adverse events after lumbar fusion surgery. More effective enhanced recovery pathway is needed for these patients.
Pain control is a crucial part of perioperative management. The objective of this study is to determine the impact of multimodal
pain management on pain control, opioid consumption, and other outcomes. Methods. This is a retrospective review of a
prospective collected database. Consecutive patients who underwent elective posterior lumbar fusion surgery (PLF) from October
2017 to April 2021 in our hospital were reviewed. Perioperative multimodal pain management (PMPM) group (from January 2019
to April 2021) in which patients received multimodal analgesia was case-matched to the control group (from October 2017 to
December 2018) in which patients were treated under the conventional patient-controlled analgesia (PCA) method. Postoperative
visual analogue scale (VAS), opioid consumption, complications within 3 months, and other outcomes were collected and
compared between groups. Results. A total of 122 consecutive patients (aged 75 and older) were included in the PMPM group and
compared with previous 122 patients. The PMPM group had a lower maximal VAS score (3.0 +1.7 vs. 3.7+ 2.0, p <0.001) and
frequency of additional opioid consumption (6.6% vs. 19.7%, p = 0.001) on POD3 than the control group. The rates of post-
operative complications were lower in the PMPM group compared with the control group (25% vs. 49%, p = 0.006) during a 3-
month follow-up period. Conclusions. This study demonstrates that the PMPM protocol is effective in pain control and reducing
additional opioid consumption when compared with conventional analgesia, even for patients aged 75 and older. Moreover, these
improvements occur with a lower incidence of postoperative complications within three months after PLF surgery.

1. Introduction

With rapid population aging in many countries, the inci-
dence of lumbar degenerative disease is gradually increasing
and seriously deteriorating the quality of life of patients
[1, 2]. Short-segment (one- or two-level) posterior lumbar
interbody fusion (PLF) surgery with or without depression is
an important way to treat lumbar degenerative diseases such
as lumbar disk herniation (LDH), lumbar spinal stenosis,

and lumbar spondylolisthesis [3]. Age is a risk factor for
increased incidence of postoperative complications after
PLF; however, age is not associated with worse patient-re-
ported outcomes [4]. Due to the presence of multimorbidity
and polypharmacy, patients with age 75 and older are at a
higher risk for postoperative adverse events, which increases
the costs of hospitalization [5]. Efforts are needed to ac-
celerate recovery after surgery and improve these patient’s
clinical outcomes and experience.
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Poor pain control is associated with patients’ dissatis-
faction [6], postoperative complications [7], and excessive
opioid consumption [8]. Patient-controlled analgesia (PCA)
and perioperative multimodal pain management (PMPM)
(also known as multimodal analgesia) relive unnecessary
suffering after fusion surgery [9]. PCA is a conventional
method that allows the patients to self-administer intravenous
opioid medication to control pain [10]. Perioperative opioid
use was associated with gastrointestinal complications [8, 11],
more extended hospital stays [12], and long-term opioid use
[13] after surgery. Multimodal pain management involves a
combination of acetaminophen, pregabalin, gabapentin,
cyclooxygenase-2 (COX-2) inhibitors, steroids, and neuraxial
anesthesia with different mechanisms of action to reduce the
use of opioids and the incidence of opioid-related adverse
events [14]. Since Kehlet et al. [15] proposed the effects of
multimodal analgesia, multimodal pain management had
been implemented in animal studies and perioperative pain
control. Durand et al. [16] found that multimodal analgesia
was more effective in long-term pain management following
castration in sheep. Coutens et al. [17] also found that the
combination of morphine with ketamine or ketoprofen
produced antinociceptive responses in animals with severe
nociceptive acute pain induced by a closed tibial fracture.

At present, despite great advances in medicine and in-
fusion devices in recent decades, opioids remain the primary
drug to achieve adequate pain control. Given the side effects
of opioids, effective multimodal medication regimens are
needed to reduce postoperative opioid use and improve
outcomes without increasing pain levels in older patients.
Previous studies had demonstrated the associations between
PMPM and outcomes including cost reduction, less mor-
phine consumption, shorter length of hospitalization, and
lower complications rates in various patient cohorts with an
average age range of 50-70 years [9, 18-21]. However, few
studies reported PMPM implementation in older patients
undergoing lumbar fusion surgery. To our knowledge, this is
the first report on the role of PMPM in patients aged 75 and
older. Our primary aim was to compare the efficiency of our
multimodal pain management program (ie., reducing
postoperative pain levels and opioid use during hospitali-
zation) to a traditional pain management method, and the
secondary aim was to evaluate the impact of multimodal
pain management on length of hospital stays (LOS), post-
operative complications, and readmission within three
months in patients (aged 75 and older) undergoing short-
segment lumbar fusion surgery.

2. Materials and Methods

This was a single-center retrospective study. We reviewed
consecutive patients who underwent elective posterior
lumbar fusion surgery for degenerative lumbar spinal ste-
nosis, lumbar disc herniation, and lumbar spondylolisthesis.
The same surgical team performed surgery from October
2017 to April 2021 in our hospital, and data from the electric
medical records’ system and prescription records were
collected. Approval was obtained from the ethics committee
of our hospital (permit data 2018.4.3; no. 2018086).

Pain Research and Management

2.1. Inclusion and Exclusion Criteria. The inclusion criteria
were as follows: (1) age 75 and older; (2) short-segment
fusion surgery for lumbar degenerative disease. The exclu-
sion criteria were as follows: (1) revision surgery; (2)
emergency surgery; (3) lumbar tuberculosis and tumor; (4)
incomplete perioperative clinical data.

2.2. Surgical Technique. We reviewed all patients who
underwent depression with standard posterior lumbar
fusion. Under general anesthesia, the patient was placed
on the operating table in a prone position. The surgical
approach was chosen depending on the planned range of
decompression. A midline incision was made for all pa-
tients. For patients undergoing the traditional approach,
the erector spinae muscles were separated from lumbar
bony elements to expose the lamina and facet joints and
transverse as needed for the levels that must be visualized.
For patients undergoing open-Wiltse approach, only the
plane between the multifidus and longissimus muscles was
exposed by blunt dissection. The vertebral pedicle screws
of surgical segments were implanted according to pre-
operative radiography and intraoperative fluoroscopy.
The nerve roots were decompressed by hemilaminectomy
or laminectomy according to the preoperative lumbar
symptoms and radicular symptoms and MRI. After re-
moval of the intervertebral disc, the bone graft was placed
at the anterior part of the intervertebral space, the cage
filled with the bone graft was also implanted into the
intervertebral space, and at last, the remaining part of
autogenous bone grafts from the decompression lam-
inectomy was placed in the bone bed. Once the position
and direction of implants were satisfactory, the wound
was flushed, and the drainage tube was placed, incision
was sutured layer by layer.

2.3. Perioperative Pain Management. An enhanced recovery
after surgery (ERAS) protocol was applied in our institute
from January 2019 with the multimodal analgesia as the only
pain management method, and the patients were divided
into a control group (from October 2017 to December 2018)
in which patients were treated with the conventional PCA
method and a case-matched PMPM group (from January
2019 to April 2021). Intraoperatively, both groups received
general anesthesia with intravenous propofol and remi-
fentanil according to patients’ weight and operation time. In
the PMPM group, all patients were given 150 mg of pre-
gabalin 2 h before surgery. A mixture of 10 ml 2% lidocaine
and 10 ml 1% ropivacaine was infiltrated around the surgical
incision before incision and after skin closure. All patients
received an intravenous cyclooxygenase-2 (COX-2) infusion
on postoperative day 0 (PODO0), POD1, and POD2. In the
PMPM group, pain medications were prescribed according
to the World Health Organization’s (WHO) three-step
analgesic ladder protocol. Oral or intravenous drugs were
used to improve perioperative analgesia with the nonopioid
drug as the first choice (which differed from the control
group). In the control group, pain medications were pre-
scribed according to the experience of the attending
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physicians, and PCA (containing sufentanil and other agents
in 100 mL saline) was used for anesthesia on PODO, POD1,
and POD2 (Table 1).

2.4. Outcome Measure. We extracted age, gender, body mass
index (BMI), comorbidities, primary diagnosis, American
Society of Anesthesiologists score (ASA score), and visual
analogue scale (VAS) of the leg and lower back. Operation-
related variables from the electronic medical records’ system
and perioperative opioid prescription information from the
prescription monitoring program were collected. The pri-
mary outcomes were additional oral opioids’ doses and
postoperative maximal VAS score on postoperative days 1, 2,
and 3. The secondary outcomes were the day of first am-
bulation and postoperative complications within three
months of surgery, postoperative LOS, and readmissions
within 3 months. Two independent researchers analyzed all
data.

2.5. Statistical Analysis. All continuous variables (e.g., age)
were presented as mean + standard deviation and analyzed
using the two-tailed Student’s t-test and one-way ANOVA.
For nonnormally distributed data, data conversion or the
Mann-Whitney test was used. Qualitative variables (such as
gender) were represented as frequency (percentages) and
analyzed using Fisher’s exact or chi-square tests. SPSS
software (version 22.0; SPSS Inc., Chicago, IL, USA) was
used for statistical analysis. Significance was set at p < 0.05.

3. Results

A total of 122 consecutive patients in the PMPM group
received multimodal analgesia protocol at our institute.
Baseline data for these patients were compared to the
previous 122 consecutive patients (from October 2017 to
December 2018), and no differences were observed in age,
gender, BMI, and fused levels; therefore, further matching
was not attempted. In the PMPM group, 62.3% of patients
were female, with an average age of 77.9 years. The average
age was 77.9 years in the control group, and 59.0% were
female. No significant differences were observed between
two groups in ASA scores or surgery-related variables
(Table 2).

The pain level was defined as the maximal VAS score in
the current study. The VAS scores were similar on POD1
between groups and were higher in the PMPM group than in
the control group on POD2 (however, without reaching
statistical significance). The maximal VAS score was sig-
nificantly lower on POD3 in the PMPM group than the
control group (3.0+ 1.7 vs. 3.7+ 2.0, p<0.001) (Figure 1).
No significant differences were observed in the frequency of
additional oral opioid prescriptions between the two groups
on PODI1 and POD2; however, the frequency and per-
centages were significantly lower in the PMPM group than
in the control group on POD3 (6.6% vs. 19.7%, p = 0.001)
(Figure 2), and total oral opioid consumption was lower in
the PMPM group (213 mg vs. 655 mg) (Table 3).

The rates of postoperative complications were lower in
the PMPM group than the control group (25% vs. 49%,
p =0.006) during the 3-month follow-up. The most com-
mon complications in both groups were constipation and
hypoalbuminemia. The PMPM group had a lower incidence
than the control group for constipation (18% vs. 28.7%,
p = 0.049) and hypoalbuminemia (13% vs. 38%, P = 0.012);
however, there were no differences in other complications
including surgical site infection (SSI) and urine retention.
The rates of 3-month readmission and transferring to re-
habilitation were similar between the groups, with shorter
postoperative LOS (7.7 +£3.9 vs. 9.0+4.1, p=0.013) and
frequency of extended LOS (28% vs. 42%, p = 0.023) in the
PMPM group. The average time of first bedside ambulation
was 1.7 days in the PMPM group and 4.1 days in the control
group after surgery (Table 4).

4. Discussion

Due to the presence of more significant risks of frailty and
comorbidity, the incidences of postoperative complications
and mortality are higher in patients aged 75 and older; for
these reasons, careful perioperative management protocol of
these patients is needed [22]. Postoperative pain control is an
essential component of ERAS. Inadequate pain control is
detrimental to early mobilization and recovery and is as-
sociated with increased LOS, costs of hospitalization, and
incidence of postoperative complications [23, 24]. Although
many nonopioid analgesics were prescribed for pain man-
agement after orthopedic surgery, the use of opioids con-
tinues to increase. Opioid overdoses are associated with a
higher risk of death and postoperative complications, in-
cluding constipation, nausea, vomiting, and urinary reten-
tion [8]. The minimization of postoperative opioid
consumption relies on the comprehensive analgesia protocol
and is critical in the context of the opioid epidemic. Tra-
ditional analgesia methods include nurse-controlled anal-
gesia and PCA. PCA is effective for pain control; however, it
increases the use of opioid and opioid-related side effects
[10]. In the current study, we hoped to evaluate the effects of
the multimodal analgesia pathway on pain control and other
outcomes in older patients in China.

Multimodal analgesia is an alternative to PCA and is
based on concurrent use of primary nonopioid agents.
Nonsteroidal anti-inflammatory drugs (NSAIDs) are effec-
tive analgesics for musculoskeletal pain control; they inhibit
cyclooxygenase (COX) isozymes and decrease prostaglandin
generation. Acetaminophen produces an analgesic effect
through peripheral and central COX inhibition like NSAIDs.
Jirarattanaphochai and Jung [25] reviewed 17 randomized
controlled trials and found that the addition of NSAIDs to
opioid analgesics provided better pain control than opioid
analgesics alone. However, a previous study had shown that
NSAIDs had dose-dependent and duration-dependent ef-
fects on fusion rates, and high-dose COX inhibitors de-
creased fusion rates [26]. As structural analogues of gamma-
aminobutyric acid, gabapentin and pregabalin could relieve
acute and chronic neuropathic pain through reducing
neuronal excitability. A systematic review and meta-analysis
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TaBLE 1: Two different perioperative pain management protocols.
Control group PMPM group Time
. No Step one: acetaminophen and/or NSAIDs and/or gabapentin, PO After admission, PRN
Preoperatively

intervention

Step two: opioids, PO PRN

— 150 mg of pregabalin, PO
Propofol, IV
Sufentanil, IV

Propofol, IV
Intraoperatively ~Sufentanil, IV

2h before surgery
During surgery
During surgery

A mixture of 10ml 2% lidocaine and 10 ml 1% ropivacaine, local =~ Before incision and after skin

anesthesia closure
PCA Cyclooxygenase-2 (COX-2) inhibitors, IV Day 0-day 2
Postoperativel No Step one: acetaminophen and/or NSAIDs and/or gabapentin, PO PRN
p Y intervention Cyclooxygenase-2 (COX-2) inhibitors, IV PRN
Step two: opioids, PO PRN

PMPM: perioperative multimodal pain management; IV: intravenous; NSAIDs: nonsteroidal anti-inflammatory drugs; PO: peros (oral); PRN: as required.

TaBLE 2: Baseline characteristics of patients in the two groups.

Variable PMPM group (n=122) Control group (n=122) p value
Female, n (%) 76 (62.3) 72 (59.0) p =0.600
Age (yr) 77.9 (74.0-81.8) 78.7 (74.8-82.6) p=0.230
Height (cm) 161 (153-169) 161 (153-169) p=0.075
Weight (kg) 65.1 (54.8-75.4) 64.8 (54.1-75.5) P =0.896
BMI (kg/m>) 25.1 (21.4-28.8) 24.9 (21.3-28.5) p=0723
Comorbidities, n (%)

Hypertension 86 (70) 82 (67) p =0.580
Coronary heart disease 30 (25) 32 (26) p=0.769
Diabetes disease 41 (33) 32 (26) p=0.208
Mental disease 2(2) 4 (3) p =0.320
Digestive disease 8 (7) 7 (6) p=0.790
Old cerebral infarction 14 (11) 8 (7) p=0.180
Pulmonary disease 4 (3) 6 (5) p=0.518
Osteoporosis 17 (14) 18 (15) p=0.855
Preoperative opioid 7 (6) 9 (7) p =0.605
Diagnosis p =0.900
LSS 64 (52.4%) 63 (51.6%)

LDH 39 (32.0%) 40 (32.8%)

Lumbar spondylolisthesis 19 (15.6%) 19 (15.6%)

VAS (lower back) 5.3 (3.2-7.4) 5.6 (3.7-7.5) p=0485
VAS (leg) 7.3 (5.9-8.7) 7.2 (5.7-8.7) p=0718
ODI 60.0 (46.6-73.4) 58.3 (44.8-71.8) p=0.543
Procedure-related

Fusion level p=0.433
1 52 (42.6%) 46 (37.8%)

2 70 (57.4%) 76 (62.2%)

Operative time (min) 190.7 (131.9-249.5) 192.6 (145.2-240.0) p =0.068
EBL (ml) 240.9 (68.2-412.0) 279.0 (115.1-443.0) p=0.549

BMI: body mass index; LSS: lumbar spine stenosis; LDH: lumbar disc herniation; VAS: visual analogue scale; ODI: Oswestry Disability Index; EBL: estimated

blood loss.

performed by Hurley et al. showed that patients receiving
preoperative pregabalin had a significant decrease in post-
operative neuropathic pain significantly [27]. Combining
these drugs with different mechanisms of action has syn-
ergistic analgesic effects on postoperative pain and reduces
the dose of single-agent doses.

PMPM is a comprehensive protocol including multiple
analgesic strategies. Schotanus et al. [28] performed a
randomized controlled trial and found that single-shot local
infiltration analgesia with ropivacaine alone resulted in
clinical acceptable adequate pain control in patients

undergoing total knee arthroplasty. In the present study,
preemptive analgesia and local infiltration analgesia were
applied in patients of the PMPM group. Our PMPM pro-
tocol improved pain control on postoperative day 3, which
was consistent with previous studies. Rajpal et al. [19] re-
ported that preventative multimodal analgesia improved
pain control on all four postoperative days in patients un-
dergoing lumbar fusion surgery, and Choi et al. [9] found
that multimodal analgesia reduced additional opioid use on
postoperative day 2 without increasing pain levels in patients
with one- or two-level posterior lumbar fusion surgery
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Postoperative Maximal VAS

POD1 POD2 POD3

= PMPM Group
Control Group

FIGURE 1: The maximal VAS score on POD1, POD2, and POD3 of patients in the PMPM group and control group.
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FIGURE 2: Percentages of patients receiving additional oral opioids on POD1, POD2, and POD3 for the PMPM group and control group.

TaBLE 3: Postoperative pain level and opioid consumption.

PMPM group (n=122) Control group (n=122) p value

Maximal VAS score

POD1 4.7 (2.8-6.6) 4.6 (2.8-6.4) p =0.690
POD2 3.9 (2.8-5.0) 3.6 (2.6-4.6) p=0.149
POD3 3.0 (1.2-4.6) 3.7 (1.7-5.7) p=0.001"
Additional opioid consumption, n (%)

PODI 6 (4.9) 4(3.3) p=0518
POD2 6 (4.9) 5(4.1) p=0.758
POD3 8 (6.6) 24 (19.7) p =0.001"

213 655

Total oral opioid consumption (mg)
VAS: visual analogue scale; POD1: postoperative day 1; POD2: postoperative day 2; POD3: postoperative day 3; * P <0.05.

compared to a PCA group. In our study, more physical
activity might contribute to the slightly increased VAS score
and additional opioids’ prescription on POD3 in the PMPM
group; the analgesic pump would be turned off on POD3,
which might contribute to a significantly increased VAS

score in the control group. A previous study reported that
opioid requirements were lower in the older patients but
were associated with more adverse events [29].

In the present study, we identified that the PMPM group
had less use of opioids without increasing the level of
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TaBLE 4: Other outcomes of the two groups.

PMPM group (n=122) Control group (n=122) p value

Postoperative LOS 7.7 (3.8-11.6) 9.0 (4.9-13.1) p=0.013"
Extended LOS, n (%) 35 (28) 52 (42) p=0.023"
The day of first ambulation 1.7 (0.8-2.7) 4.1 (2.4-5.8) p =0.001"
Complications 30 (25%) 60 (49%) p =0.006"
Cardiovascular disease 1 (1%) 2 (2%) p=0.561"
Acute cerebral infarction 0 0

Delirium 1 (1%) 2 (2%) p =0.561
SSI 5 (4%) 8 (7%) P =0392
Pneumonia 2 (2%) 1 (1%) p =0.561
Hematoma 1 (1%) 2 (2%) p=0.561
DVT 3 (2%) 3 (2%) p =0.100
Urinary tract infection 2 (2%) 3 (3%) p =0.006
Nausea/vomiting 6 (4.9%) 15 (12.3%) p =0.006
Retention of urine 1 (1%) 4 (3%) p=0.175
Constipation 22 (18%) 35 (28.7%) p =0.049"
Hypoalbuminemia 28 (13%) 46 (38%) p=0.012"
The rate of readmission, n (%) 2 (2%) 7 (6%) p =0.089
Transfer to rehabilitation center, n (%) 2(2) 6 (5) p=0.150

LOS: length of stay; SSI: surgical site infection; DVT: deep vein thrombosis; * p <0.05.

postoperative pain and incidence of severe complications in
patients (75 years or older). Compared with the control
group, the incidences of postoperative complications in the
PMPM group were lower (especially opioid-related com-
plications, such as postoperative constipation and nausea/
vomiting). The use of opioid has a suppressive effect on the
respiratory center and provoked nausea and vomiting by
activation of central chemoreceptors. Poor pain control is
also associated with postoperative complications [7]. The
reduction of opioid use and adequate pain control may
contribute to a low incidence of opioid-related complica-
tions [8, 14]. There was no difference between the groups in
deep venous thrombosis, urinary tract infections, and
wound infections. A retrospective study conducted by Pirkle
et al. [30] found that chronic opioid use was associated with
surgical wound infections; however, the underlying mech-
anisms for this observation remain unclear. The present
study found that the multimodal analgesia pathway was
associated with less postoperative hypoproteinemia. The
reasons for this result might be as follows: firstly, patients in
the PMPM group had a lower risk for gastrointestinal
complications after surgery, and secondly, improved pain
control may make patients feel more at ease than the control
group. Our PMPM program achieved the goal of early
mobilization without increasing postoperative pain levels. A
retrospective study found that early ambulation was asso-
ciated with decreased postoperative adverse events [31]; in
our study, most patients were more likely to ambulate on
PODI in the PMPM group and on POD4 in the control
group. Previous studies demonstrated an association be-
tween opioid agonists and serious postoperative complica-
tions following orthopedic procedures [32, 33]. The safety of
PMPM had been validated in other studies; the rates of
respiratory depression, acute renal failure, and central
nervous system complications were not higher in the PMPM
group than in the non-PMPM group after spinal surgery and
total knee arthroplasty [21, 34]. In the present study, the

rates of postoperative delirium, acute myocardial infarction,
and acute cerebral infarction were similar between groups.

Because of the higher risk for extending postoperative
LOS in patients aged 75 and older, the average LOS of
patients in our study was more prolonged than shown in
other studies; however, patients in the PMPM group had a
shorter postoperative LOS. Tank et al. [12] found that opioid
dependence was associated with prolonged LOS following
lumbar fusion. Our multimodal analgesia protocol com-
bined opioid and nonopioid analgesic mechanisms to
achieve additive or synergistic effects on pain control. ERAS
pain management protocols emphasize a multidisciplinary
and comprehensive approach across the operative episode to
enhance postoperative recovery and minimize opioids’
consumption [14]. A previous study showed that ERAS
reduced LOS and hospital costs significantly in older adults
[25]; however, little attention has been paid to the contri-
bution that ERAS and multimodal analgesia might make to
achieving the same goals considerably in older patients (aged
75 or older). In the present study, we identified that PMPM
resulted in clinical acceptable adequate pain control in
patients undergoing short-segment fusion surgery with less
opioids’ consumption, which contributed to maximization
of early mobilization and recovery in older patients.

Our PMPM strategy included preemptive analgesia and
multimodal analgesia and ensured that the nonopioid agent
was preferentially used for postoperative pain control
according to the three-step analgesic ladder protocol. A
randomized placebo-controlled study conducted by Fujita
et al. [36] showed that administration of 150 mg of pre-
gabalin before spine surgery decreased morphine con-
sumption and postoperative pain intensity, but Trung Kien
et al. [37] found that preoperative pregabalin combined with
celecoxib orally had a good preemptive analgesic effect in
lumbar spine surgery. Vasigh et al. [38] also showed that the
effect of gabapentin plus celecoxib on pain was better than
gabapentin alone after laminectomy. Further research
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should attempt to establish a better combination of pre-
emptive analgesia and nonopioid analgesia based on recent
advancements in analgesics and synergistic effects of various
narcotics.

There are several limitations to the present study. First,
this was not a randomized controlled study and was subject
to inherent limitations associated with retrospective ana-
lyses; nevertheless, it is unethical to perform a randomized
controlled study, given that opioids have been proven to be
correlated with numerous adverse events. Second, only the
impact of multimodal analgesia on pain levels and opioid use
on POD1, POD2, and POD3 were evaluated. The VAS scores
or opioid prescription doses were not acquired after dis-
charge. Longer follow-up is needed to determine the long-
term effects of the PMPM protocol. The ways of pedicle
screw implantation and the procedures of surgical decom-
pression have an impact on postoperative lower back pain;
however, we did not have a detailed record of surgical
approach of each individual. Despite these limitations, our
retrospective review and analysis of a prospectively collected
database was the first to evaluate the effect of multimodal
analgesia on patients aged 75 years and older.

5. Conclusions

This study demonstrates that the PMPM protocol is effective
in pain control and reducing additional opioid consumption
when compared with conventional analgesia, even for pa-
tients with age 75 and older, and these improvements occur
with a lower incidence of postoperative complications
within three months after PLF surgery. The implementation
of multimodal analgesia combined with nonopioid analgesia
could be recommended for accelerating recovery after fusion
surgery. Further research should attempt to establish better
pain management protocol-based recent advancements in
analgesics and synergistic effect of different narcotic drugs.
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Background. Pain following orthopedic surgery has always been a critical issue, which caused great distress to the patients.
Analgesics in the treatment of postoperative pain following orthopedic surgery have aroused great attention from scholars, and
numerous studies have been published in recent years. Bibliometrics could assist scholars in understanding the scope of research
topics better, identifying research focuses and key literature, and analyzing the development and trend of analgesics in the
treatment of postoperative pain following orthopedic surgery. Methods. Literature data were retrieved from the Science Citation
Index Expanded (SCI-E) of Web of Science (WOS) Core collection database. The articles from 1992 to December 2021 on
analgesics in the treatment of postoperative pain following orthopedic surgery were recruited. The citation reports including the
publication numbers, h-index, total citations, and average citations in terms of authors, organizations, and countries were
obtained. Top 20 research directions, funds, and journals with the most publications were charted. The co-authorship relations in
the analysis units of authors, organizations, and countries were analyzed by the online bibliometric tool and VOSviewer software.
The author’s keywords co-occurrence overlay map was visualized by the VOSviewer software. Results. A total of 406 articles were
retrieved from 1992 to December 4th, 2021, with 11,655 times cited, average citations of 28.57 per item, and an h-index of 55. The
most high-yield publication year, authors, organizations, countries, research directions, funds, and journals were 2020 (n = 887),
Iifeld BM from University of California San Diego (n=7), University of California System (n=21), the USA (n=178), An-
esthesiology (n=161), National Institutes of Health (NIH), USA, and United States Department of Health Human Services
(n=12), and Anesthesia and Analgesia (n=29), respectively. Similarly, co-authoring analysis of publications regarding on
different analgesics showed that the authors and countries with the most co-authorship strength were Carr Daniel B (total link
strength = 6) and the USA (total link strength = 30), respectively. The highest occurrence keywords were “postoperative pain” with
135 occurrences (total link strength = 784). The future research hotspots might be “acute pain,” “outcomes,” “oxycodone,” “total
hip,” “replacement,” and “United States.” Conclusion. Analgesics in the treatment of postoperative pain following orthopedic
surgery can be observed in this study by employing the online bibliometric tool and VOSviewer software, which established the
relationship between the units of analysis. It can provide a meaningful resource with detailed information for orthopedic surgeons
who would like to understand the trend in this field better. They can also benefit from the emphasis on citation count to carry out
high-level research in the future.

1. Introduction many other factors can also cause pain, especially following

the orthopedic operations, such as periosteal irritation,
Postoperative pain has always been a problem plaguing  swelling of the affected limb, increased bone fascia tension,
clinical treatment. In addition to the pain of the incision,  postoperative compression bandaging, and external fixation
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[1]. More importantly, pain after orthopedic surgery be-
comes more common and more severe. What is worse, pain
can increase cortisol, blood sugar, tea phenolamine in the
body, and tissue metabolism, which is not conducive to
wound healing. Therefore, the management of postoperative
analgesia following orthopedic surgery is very important [2].

There are more than 53 million records and 1.18 billion
cited references in the Science Citation Index Expanded (SCI-E)
of Web of Science (WOS) Core collection database, which is an
important resource for scientific statistics and evaluation [3].
More frequent citations of the article play a more important role
in the field [4]. A bibliometric analysis and visualization tool can
effectively assess the thematic development of structural con-
tents and help readers understand a field comprehensively [5].

However, no bibliometric research on different anal-
gesics in the treatment of postoperative pain following or-
thopedic surgery has been performed. This study aims to
outline the intellectual connections within the dynamic
changing of scientific knowledge in orthopedic postopera-
tive analgesia using the WOS Core Collection database and
the VOSviewer software.

2. Methods

The literature data were retrieved through SCI-E of WOS Core
Collection database, which is widely applied in bibliometric
research using an advanced search strategy. The search query
was “((((TS= (Orthopedic OR Orthopedic Procedure OR
Orthopedic Surgery OR Orthopedic Surgical Procedure)) AND
TS = (Postoperative = OR  Postoperative  Periods)) AND
TS=(Pain OR Physical Suffering OR Ache)) AND
TS = (Analgesics OR anodyne OR Analgesic Drugs OR Anal-
gesic OR Analgesic Agents OR Antinociceptive Agents)) AND
LA = (English) AND DT = (Article).” Timespan = all years. All
articles were evaluated by two independent reviewers in order to
confirm their relevance. Full records of all articles were searched
on December 4th, 2021.

The trends of publications and citations were charted an-
nually. The distribution of the bibliographic records per year in
different countries was also obtained. The top 20 most cited
articles were recorded and analyzed by the following infor-
mation: first author, article title, journals of publication, year of
publication, total number of citations, and average citations. The
records, h-index, total citations, and average citations in terms
of authors, organizations, and countries were tabulated directly.
The top 20 research directions, funds, and journals with the
most publications were charted. The co-authorship relations in
the analysis units of authors, organizations, and countries were
mapped by the online bibliometric tool (https://bibliometric.
com/) and VOSviewer 1.6.11 software (Nees Jan van Eck and
Ludo Waltman, 2019). The author’s keywords co-occurrence
overlay map was implemented by VOSviewer, setting the
minimum occurrences of a keyword to 5 times.

3. Results

3.1. Publication Outlines. A total of 406 articles were re-
trieved in the SCI-E of WOS Core Collection database from
1992 to December 4th, 2021, with 11,655 times cited, average
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citations of 28.57 per item, and an h-index of 55. Figure 1
shows the annual publications and sum of times cited per
year on analgesics in the treatment of postoperative pain
following orthopedic surgery. The first article was published
in 1992, and the year with the most publications (n = 29) was
2020. The citation started in 1992, and the year with the most
times cited was 2020 (n=887). The results showed a fluc-
tuating increase year by year.

The USA had contributed 178 articles (43.842%) at the
top. Canada was the second contributing country with 25
articles (6.157%), followed by England with 22 articles
(5.419%) and France and Germany both with 20 articles
(4.926%). China only ranked 9th with 13 articles (3.186%).
Only two countries contributed articles in 1992. However,
more and more countries published articles yearly, and the
number of involved countries increased to ten in 2021. The
USA dominates in this field almost every year. The distri-
bution of the bibliographic records each year of the top 10
countries on analgesics in the treatment of postoperative
pain following orthopedic surgery is shown in Figure 2.

3.2. Top 20 Most Cited Articles on Different Analgesics.
This search collected a total of 406 articles between 1992 and
2021 from WOS. The top 20 most cited articles are given in
Table 1, including first author, article title, journals of
publication, year of publication, total number of citations,
and average citations. The total citations of the top 20 articles
ranged from 101 to 1013. The average citations of the top 20
articles ranged from 4.21 to 40.52. The most cited article had
1013 citations and was published in 1997 by Collins et al. [6],
followed by Chung et al. [7] with 271 citations in 1997 and
Sinatra et al. [8] with 252 citations in 2005. The first two
published articles were by Laitinen and Nuutinen [9] and
Baker [10] in February 1992, and the most recent articles
were published in December 2021 by De Biase et al. [11] and
Rajput et al. [12].

3.3. Contribution of Authors, Organizations, and Countries.
There were 1,961 authors, 745 organizations, and 46
countries contributing to this field. Table 2 provides the top 5
high-yield authors (Ilfeld Brian M, Lauretti Gabriela Rocha,
Carr Daniel B, Liu Spencer S, and Capdevila Xavier [13-17]),
organizations (University of California System, Pennsylva-
nia Commonwealth System of Higher Education Pcshe,
Universidade De Sao Paulo, University of Pennsylvania, and
Cleveland Clinic Foundation), and countries (the USA,
Canada, England, France, and Germany), with the corre-
sponding records, h-index, total citations, and average
citations.

3.4. Contribution of Research Directions, Funds, and Journals.
There were 37 research directions, 154 funds, and 174
journals contributing to this topic. Figure 3 shows the top 20
high-yield research directions, the top is Anesthesiology
with 161 publications, followed by Neurosciences Neurology
with 65 publications and Orthopedics with 55 publications.
In the top 20 high-yield funds, National Institutes of Health
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FIGURE 1: Annual publications (column chart) and sum of times cited per year (curve line) on analgesics in the treatment of orthopedic
postoperative pain from 1992 to 2021.
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Figure 2: The distribution of the bibliographic records per year of the top 10 countries on analgesics in the treatment of orthopedic
postoperative pain.

(NIH), USA, and United States Department of Health  3.5. Co-Authoring Analysis of Publications regarding Different
Human Services were tied for first place with 12 publica-  analgesics. The authors with the most co-authorship
tions, followed by European Commission and NIH National strength were Carr Daniel B, Daniels et al. [18], Viscusi et al.
Center for Advancing Translational Sciences (NCATS) both [19], and Lauretti and Reis [20] (Table 3). The strongest
with 4 publications (Figure 4). Figure 5 shows the top 20  collaborative country was the USA with 4,411 citations (total
high-yield journals. Anesthesia and Analgesia had con-  link strength=30), followed by France with 599 citations
tributed 29 articles (7.108%) at the top. Journal of Clinical (total link strength = 9), Canada with 997 citations (total link
Anesthesia was the second contributing journal with 19  strength=8), Germany with 530 citations (total link
articles (4.657%), followed by Anesthesiology and British  strength=8), and Sweden with 279 citations (total link
Journal of Anesthesia both with 12 articles (2.941%). strength =7) (Figure 6).
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TaBLE 1: Top 20 most cited articles on analgesics in the treatment of orthopedic postoperative pain.

Publication Total Average

First author Article title Journal . L.
year citations  citations

The visual analogue pain intensity scale: What is
moderate pain in millimetres?

Chung F Postoperative pain in ambulatory surgery Anesthesia and Analgesia 1997 271 10.84
Efficacy and safety of single and repeated
administration of 1g intravenous acetaminophen
injection (paracetamol) for pain management
after major orthopedic surgery
Treatment of pain in cognitively impaired
Feldt KS compared with cognitively intact older patients
with hip-fracture
Efficacy and kinetics of carprofen, administered
preoperatively or postoperatively, for the
prevention of pain in dogs undergoing
ovariohysterectomy
Postoperative analgesic effects of celecoxib or
rofecoxib after spinal fusion surgery
A descriptive study of the use of visual analogue
Briggs M scales and verbal rating scales for the assessment of

postoperative pain in orthopedic patients
Acute pain management in patients with prior
Rapp SE opioid consumption: a case-controlled Pain 1995 161 5.96
retrospective review
Deriving dichotomous outcome measures from
Moore A continuous data in randomised controlled trials of Pain 1996 158 6.08
analgesics
A preemptive multimodal pathway featuring
Hebl JR peripheral nerve block improves perioperative
outcomes after major orthopedic surgery
The use of a continuous popliteal sciatic nerve
White PF block after surgery involving the foot and ankle: =~ Anesthesia and Analgesia 2003 134 7.05
Does it improve the quality of recovery?
Patient-controlled epidural analgesia with
Liu SS bupivacaine and fentanyl on hospital wards: Anesthesiology 1998 129 5.38
prospective experience with 1,030 surgical patients
The safety and efficacy of intrathecal opioid
analgesia for acute postoperative pain: Seven years’

Collins SL Pain 1997 1013 40.52

Sinatra RS Anesthesiology 2005 252 14.82

Journal of the American

Geriatrics Society 1998 192 8.00

Lascelles BDX Veterinary Surgery 1998 173 7.21

Reuben SS Anesthesia and Analgesia 2000 169 7.68
Journal of Pain and Symptom

Management 1999 168 7.3

Regional Anesthesia and Pain

Medicine 2008 153 10.93

Gwirtz KH experience with 5969 surgical patients at Indiana Anesthesia and Analgesia 1999 125 243
University Hospital
. L Canadian Veterinary Journal-
Dohoo SE ! ostoperative use of analgesics in dogs and cats by Revue Veterinaire 1996 125 481
Canadian veterinarians .
Canadienne

Efficacy and tolerability of celecoxib versus
Gimbel JS hydrocodone/acetaminophen in the treatment of Clinical Therapeutics 2001 114 5.43
pain after ambulatory orthopedic surgery in adults

Intravenous administration of propacetamol
Hernandez-

Palazon | reduces morphine consumption after spinal fusion ~ Anesthesia and Analgesia 2001 109 5.19
surgery
Collins SL Se:eklng a S{mple measure of analgesia for mega- Pain 2001 108 514
trials: Is a single global assessment good enough?
Continuous lumbar plexus block for postoperative Journal of Bone and Joint
Marino J pain control after total hip arthroplasty a . 2009 105 8.08
. . Surgery-American Volume
randomized controlled trial
Comparison of ketoprofen and carprofen Journal of the American
Grisneaux E administered prior to orthopedic surgery for Veterinary Medical 1999 101 4.39
control of postoperative pain in dogs Association
Efficacy of propacetamol in the treatment of . .
Peduto VA postoperative pain: morphine-sparing effect in Acta Anaesthesiologica 1998 101 4.21

orthopedic surgery Scandinavica
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TaBLE 2: The top five high-yield countries, organizations, and authors on analgesics in the treatment of orthopedic postoperative pain from

1985 to 2021.

Category Rank Items Records index citT;(;:glrls Average citations
1 Ilifeld BM, University of California San Diego 7 5 226 32.29
2 Lauretti GR, University of Sdo Paulo 6 4 171 28.5
Author 3 Carr DB, Tufts University 5 5 77 15.4
3 Liu SS, Virginia Mason Medical Center 5 5 220 44
4 Capdevila X, CHU de Montpellier Anesthesiol and Crit Care 4 4 197 4925
Dept
1 University of California System 21 12 602 28.67
) Pennsylvania Commonwea}l)tc}; thrstem of Higher Education 9 5 160 17.78
Organization 2 Universidade De Sao Paulo 9 5 206 22.89
3 University of Pennsylvania 8 6 124 15.5
4 Cleveland Clinic Foundation 7 3 120 17.14
1 USA 178 36 4777 26.84
2 Canada 25 18 1272 50.88
Country 3 England 22 16 2064 93.82
4 France 20 13 667 33.35
4 Germany 20 13 531 26.55
Number of Articals
Anesthesiology 161
Neurosciences Neurology 65
Orthopedics <— 55
General Internal Medicine 53
Veterinary Sciences 49
Pharmacology Pharmacy
Surgery
§ Research Experimental Medicine
§ Nursing
S Sport Sciences
5 Health Care Sciences Services
b Pediatrics
§ Geriatrics Gerontology
Science Technology Other Topics
Emergency Medicine
Engineering

Rehabilitation

Zoology

Computer Science

Dentistry Oral Surgery Medicine

5
5
4
4
3
3
2
2

FI1GURE 3: Top 20 research directions with the most publications on analgesics in the treatment of orthopedic postoperative pain.

3.6. Keywords Co-Occurrence. The overlay visualization of
the top 162 co-occurrence keywords is shown in Figure 7.
The highest occurrence keyword was “postoperative pain”
with 135 occurrences (total link strength = 784), followed by
“morphine” with 91 occurrences (total link strength =616),
“orthopedic-surgery” with 91 occurrences (total link
strength = 582), “analgesia” with 85 occurrences (total link
strength =550), and “pain” with 83 occurrences (total link
strength =522). The most recent keywords were “acute
pain,” “outcomes,” “oxycodone,” “total hip,” “replacement,”
and “United States.”

4, Discussion

Bibliometrics mainly collects bibliographic databases and
bibliometric features and uses mathematical and statis-
tical methods to qualitatively and quantitatively analyze
the relevant information of the literature, such as the
distribution of countries, authors, journals, institutions,
and funds. It also helps researchers grasp the develop-
ment trend of this field intuitively and quickly [21, 22].
Using visual analysis software to analyze the literature
turther, researchers can find current research hotspots



Funds

National Institutes Of Health Nih Usa

Pain Research and Management

Number of Articals

12

United States Department Of Health Human Services

Nih National Center For Advancing Translational Sciences Ncats
Department Of Anesthesiology Hospital For Special Surgery
Fundacao De Amparo A Pesquisa Do Estado De Sao Paulo Fapesp

European Commission

12

Javelin Pharmaceuticals Inc Cambridge Ma
Nih National Center For Research Resources Ncrr

Canadian Institutes Of Health Research Cihr
Coordenacao De Aperfeicoamento De Pessoal De Nivel Superior Capes

Nih National Institute Of General Medical Sciences Nigms

Hospira Inc

Bristol Myers Squibb
Cadence Pharmaceuticals Inc

Cumberland Pharmaceuticals Inc
Mallinckrodt Pharmaceuticals
Nexcyon Pharmaceuticals Inc

Nih National Institute On Aging Nia
Pfizer
Trevena Inc

SIS TN SR ST S I S I S B S B B SR )

FiGure 4: Top 20 funds for the most publications on analgesics in the treatment of orthopedic postoperative pain.
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FIGURE 5: Top 20 journals with the most publications on analgesics in the treatment of orthopedic postoperative pain.

TaBLE 3: Co-author analysis of publications regarding analgesics in the treatment of orthopedic postoperative pain.

Author

Number of articles

Citations

Total link strength

Carr DB
Daniels SE
Singla N
Lauretti GR
Reis MP
Turan A

Ilfeld BM
Minkowitz HS

5

S S S S NEO) S SN

77
124
83
171
167
60
82
169
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FIGURE 6: Country co-authoring analysis of publications regarding analgesics in the treatment of orthopedic postoperative pain.

replacement

united-states
total hip

oxycodone

(msaloniui)
(oaeeoe)) | -
JANS'
4, |

i o N 4

—L dexmedetomidine

¥
By | o

& VOSviewer

~

2006

2008 2010 2012 2014

F1GURE 7: Keywords co-occurrence overlay mapping on analgesics in the treatment of orthopedic postoperative pain. Each frame indicates a
keyword. The rainbow color marks the average publication year from violet (further year) to yellow (recent year) in the range of spectrum.
The larger scale of a keyword is according to the higher frequency, while the closer distance between the two keywords represents the

stronger Co-occurrence.

and directions in this field. These methodologies have
been widely applied in orthopedic research studies
[23, 24].

4.1. Analysis on Publication Outlines. The popularity of a
specific topic can be reflected by the number of publications.
The study on analgesics in the treatment of postoperative
pain following orthopedic surgery was initially published in
1992. The number of articles published fluctuated around
ten from 1992 to 2007 and increased significantly from 2008
to 2021. Meanwhile, the quality of a specific topic can be

judged by the number of citations [25]. There was an ex-
ponential growth in the citation times from 1992 to 2021.
From Figure 1, we can learn that the future trend on an-
algesics in treating orthopedic postoperative pain looks
promising.

As shown in Figure 2, the number of articles pub-
lished from the USA is dominant in this field, followed by
the UK and Canada. The article initially published from
China was in 1999. The number of articles published from
China is far less than that in the USA, which may be due
to less attention paid to this field by Chinese scholars.



4.2. Analysis on Top 20 Most Cited Articles on Different
Analgesics. Citation analysis is a systematic method to
evaluate the influence of scientific research [26]. An article
with more frequent citation can be recognized as more
influential in the specific field [4]. As given in Table 1, the
total citation of each article on different analgesics was more
than 100. The most cited article was a clinical trial by Collins
et al. in 1997 in Pain [6], focusing on visual analogue scales
(VAS). The results indicate that if a patient records a VAS
score over 30 mm at baseline, they would probably have
recorded at least moderate pain on a 4-point categorical
scale. After that, the VAS score has been more widely used by
many scholars, which may explain why this article was
ranked at the top with 1013 citations.

The second most cited article was a retrospective review
by Chung et al. in 1997 in Anesthesia and Analgesia [7],
focusing on the pattern of pain in ambulatory surgical
patients and determining those factors that predict post-
operative pain. The final results of the article showed that
anesthesiologists give adequate analgesia by taking into
consideration the body mass index of the patient, the du-
ration of anesthesia, and the type of surgery. Better methods
of postoperative pain treatment, such as using NSAIDs,
regional techniques, and multimodal analgesia techniques,
are needed. The third most cited article was a clinical trial by
Sinatra et al. in 2005 in Anesthesiology [8], focusing on pain
intensity, pain relief, and morphine use. The results indicate
that intravenous acetaminophen, 1 g, administration over a
24-h period in patients with moderate to severe pain after
orthopedic surgery could be well tolerated with rapid and
effective analgesia.

The latest literature was a randomized controlled trial by
Marino et al. in 2009 in Journal of Bone and Joint Surgery,
paying attention to continuous lumbar plexus block for
postoperative pain control after total hip arthroplasty. The
conclusion was that continuous lumbar plexus and femoral
blocks significantly reduce the need for opioids and decrease
related side effects [27]. Another literature was a retro-
spective research by Hebl JR in 2008 in Regional Anesthesia
and Pain Medicine, suggesting that a preemptive multi-
modal pathway featuring peripheral nerve block improves
perioperative outcomes after major orthopedic surgery [28].

4.3. Analysis on Contribution of Authors, Organizations, and
Countries. H-index refers to h articles in the literature that
have been cited at least i times by other scholars, which is a
measure to evaluate an author or country by the number of
academic output and the index of the academic output level
[29, 30]. The total number of references cited refers to the
number of times a document has been cited in a certain
period, an important indicator for evaluating individual
national influence [31].

Among the top five high-yield authors, three come
from the USA, Ilfeld BM from University of California
San Diego, Carr DB from Tufts University, and Liu SS
from Virginia Mason Medical Center. Similarly, four
were in the USA among the top five high-yield organi-
zations, including University of California System,
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Pennsylvania Commonwealth System of Higher Educa-
tion Pcshe, University of Pennsylvania, and Cleveland
Clinic Foundation. This may explain why the USA was
ranked at the top one with a total of 178 records, which is
far more than that in other countries (Table 2).

4.4. Analysis on Contribution of Research Directions, Funds,
and Journals. As shown in Figures 3-5, anesthesiology,
neurosciences, neurology, and orthopedics were the hot
research directions, which will help orthopedic physicians to
catch the right directions better.

In addition, National Institutes of Health (NIH), USA,
and United States Department of Health Human Services
were the most high-yield funds. Both of them belong to the
USA. This was a good reason to explain why the USA was
dominant in this field.

Identifying the dominant journals in a specific topic
can help scholars construct scientific achievement. An-
esthesia and Analgesia, Journal of Clinical Anesthesia,
Anesthesiology, and British Journal of Anesthesia were
the most high-yield journals. Paying more attention to
high-yield journals can assist scholars in accessing the
most authoritative knowledge framework and the ori-
entation of manuscript submitting. The publishers of
these journals belong to the USA, while the rest one is
from the UK. Researchers may benefit from this im-
portant information and realize the deficiencies when
high-level articles appear [32].

4.5. Analysis on Co-Authoring Analysis of Publications re-
garding Different Analgesics. VOSviewer was used for co-
operation network analysis of authors, organizations, and
countries [33]. Carr DB, Daniels SE, and Singla N were
the authors with the most link strength. However, the
most link strength was only six, which indicated that the
cooperation between the authors was less (Table 3).

As shown in Figure 6, the strongest collaborative
countries were the USA with 4,411 citations (total link
strength =30), followed by France with 599 citations
(total link strength=9) and Canada with 997 citations
(total link strength =8). The rest were mainly from de-
veloped countries. The result showed that the USA have
the most cooperation with other countries.

4.6. Analysis on Keywords Co-Occurrence. VOSviewer was
also used to generate a keyword co-occurrence map [34].
The highest occurrence keyword was “postoperative pain”
with 135 occurrences (total link strength =784), followed
by “morphine” with 91 occurrences (total link
strength=616) and “orthopedic-surgery” with 91 oc-
currences (total link strength =582). The most recent
keyword was “acute pain,” “outcomes,” “oxycodone,”
“total hip,” “replacement,” and “United States,” which
indicated that these keywords might be the future re-
search hotspots (Figure 7).
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5. Limitations

As all we know, bibliometric analysis has been widely used to
measure the impact of articles in recent years. However,
there are still some limitations to this method. First and
foremost, we only used the core collection of WOS to search
literature, which is a single database. The more databases we
use, the more information we can get and analyze. Other
databases such as InCites and MEDLINE should be con-
sidered in the future. Second, the main language of WOS is
English. Articles written in other languages are excluded,
which means some relevant articles be omitted. Third, the
citation number of each study is time-dependent. For dif-
ferent time points to search the articles, different citations
may be obtained. However, the trend of citation number of
each study is nearly the same.

This study has several advantages despite the limitations
mentioned. It is the first study using the bibliometric method
to search and identify literature on analgesics in the treat-
ment of postoperative pain following orthopedic surgery,
which has attracted increasing attention in recent years.
Most importantly, our study provides valuable information
for orthopedic surgeons and researchers in this field.

6. Conclusion

To conclude, we researched and analyzed the literature
information regarding authors, organizations, countries,
research directions, funds, and journals and analyzed the
thematic development and future research hotspots. Our
research observes the raising concern on analgesics in the
treatment of orthopedic postoperative pain in recent
years. Anesthesia and Analgesia, Journal of Clinical
Anesthesia, Anesthesiology, and British Journal of An-
esthesia are the most influential journals. The future
research hotspots might be “acute pain,” “outcomes,”

“oxycodone,” “total hip,” “replacement,” and “United
States.”
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Objective. To evaluate the outcome of a knowledge, attitude, belief, and practice mode (KABP) in the pain management in patients
with acute traumatic fractures complicated with alcohol dependence. Methods. Twenty-nine alcohol-dependent male patients
with acute traumatic fractures and who received surgical treatment between January 2019 and December 2020 were included in
this retrospective case-control study. The age range was 30-65 years (average 50.03 + 7.94). Fracture Type. Six cases of spinal burst
fractures and 23 cases of limb trauma fractures. Ten patients were treated with routine nursing (control group), and 19 patients
were treated with pain management in KABP mode (experimental group). The control group received traditional pain care,
including the conventional numerical rating scale (NRS) pain score system, with focus on symptomatic treatment. On this basis,
the experimental group managed pain using KABP, including cognitive behavioral intervention, optimization programs,
modification of personal beliefs, and behavior patterns. NRS, self-rated anxiety/depression scale (SAS), and quality of life (SF-36)
scale were applied at admission, 1 day before surgery, and 3 months after surgery. Results. The perioperative NRS score of the
KABP group was lower than that of the control group, and the postoperative anxiety levels improved. Discharge satisfaction was
significantly higher than that in the control group (p < 0.05). There were behaviors promoting health in the experimental group,
and five patients expressed abstinence behavior after discharge (p <0.05). Conclusion. Patients with alcohol dependence rep-
resents a unique set of cases for perioperative pain management. To ensure patient safety, individualized pain management
through the application of KABP can significantly reduce postoperative pain and promote the generation of healthy behaviors
in patients.

1. Introduction

Perception and knowledge of pain increased substantially in
the past two decades. In August 2002, at the International
Pain Society (IASP)’s 10th World Congress on Pain in San
Diego, California, USA, a consensus was reached that pain is
the fifth vital sign, after blood pressure, body temperature,
respiration, and pulse [1]. Alcohol is a psychoactive sub-
stance with toxic and addictive properties and fast distri-
bution after absorption. Alcohol dependence is also
commonly known as “alcohol addiction.” A large number of
patients with alcohol dependence on long-term drinking
may present slow response, poor concentration and mem-
ory, and may seriously impair the nervous system [2].

Patients with alcohol dependence and acute trauma frac-
tures, due to sudden interruption of alcohol stimulation after
admission, demonstrate withdrawal symptoms [3].
Significant postoperative pain is often experienced in
trauma-related orthopedic surgeries. Patients with alcohol
dependence often experience greater pain, compared to the
ordinary population [4], as conventional analgesic measures
are often ineffective. Such patients often resist surgery, due
to alcohol withdrawal symptoms or fear of significant
postoperative pain. This often results in a series of physical
and psychological problems. Therefore, individualized pain
control and management are essential for patients with acute
traumatic fractures and alcohol dependence. There are no
clinical pain management protocols for patients with alcohol
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dependence. Behavioral studies [5] show that there is a
strong association between knowledge and behavior, but it is
not entirely causal. A person’s behavior is multifactorial,
being related to knowledge, values, beliefs, living environ-
ment, and personal experience [6]. The knowledge, attitude,
belief, and practice mode (KABP) hold that knowledge and
information are the basis for establishing positive and
correct beliefs and attitudes, thus promoting health-related
behaviors, while beliefs and attitudes are the driving forces
for behavior change [7]. To this end, we conducted a ret-
rospective case-control study to evaluate the outcomes of
KABP and traditional nursing modes in the perioperative
pain management of patients with acute traumatic fractures
complicated by alcohol dependence.

2. Materials and Methods

Inclusion criteria were as follows: (1) patients with alcohol
dependence and demonstration of alcoholic withdrawal
syndromes; (2) no history of compulsory abstinence therapy
prior to admission; (3) no signs of delirium and cognitive
impairment. The exclusion criteria were as follows: (1) pa-
tients with Alzheimer’s disease, disturbance of conscious-
ness, mental illness, and poor cooperation; (2) malignant
tumor and severe hepatic and renal failure.

A total of 29 patients with acute traumatic fractures
complicated by alcohol dependence were included, all of
whom were men. The age ranged from 30 to 65 years
(50.03 £7.94) years. Fracture type: six cases of spine burst
fracture and 23 cases of limb trauma fracture. Ten patients
were treated with conventional nursing (control group), and
19 patients were treated with pain management in the KABP
mode (experimental group). There was no statistically sig-
nificant difference in baseline data between the two groups
(P>0.05), indicating a good comparability (Table 1).
Written informed consent was obtained from all patients.
This study was approved by the Medical Ethics Committee of
the First Affiliated Hospital of Soochow University.

2.1. Nursing Methods

2.1.1. Control Group. The routine orthopedic pain man-
agement mode was used. Upon admission, the bed nurse
performed pain assessment using the NRS pain assessment
scale. Analgesic treatments were performed according to the
evaluation results. A stepwise analgesic drug use principle
was adopted. All patients received general symptomatic
treatment.

2.1.2. The Experimental Group. On the basis of conventional
nursing, KABP mode was applied for all patients, including
the following:

(1) Cognitive intervention: cognitive intervention is an
effective measure to improve the quality of pain manage-
ment and occupies an important position in the peri-
operative nursing of orthopedic surgery [8]. Preoperatively,
medical staff should provide patients with a general un-
derstanding of the surgical procedure and timely
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communication with the patient, so that the patient can
change the initial cognition of perioperative pain as well as
correct cognition of the operation. The influence of alcohol
on perioperative pain is shown in Figure 1. Therefore, KABP
mode reduces the risk of postoperative complications and
enhances patient recovery.

Cognitive intervention for alcohol withdrawal syn-
dromes: Alcohol withdrawal syndrome mainly includes
mental and somatic symptoms. Somatic symptoms generally
occur within 7-48 hours after reducing alcohol intake or
complete withdrawal, mainly demonstrating symptoms of
tremor, sweating, tachycardia, elevated blood pressure, and
other aspects, while the threshold of pain is reduced [9].
Psychiatric symptoms usually occur 48-72 hours after al-
cohol consumption is reduced, or withdrawn, and are
characterized by severe confusion, loss of orientation, vivid
daydream-like delusions and hallucinations, accompanied
by anxiety, insomnia, and hypersympathetic activity. Cog-
nitive intervention measures at this stage mainly include
knowledge education and targeted treatment, explaining the
withdrawal symptoms to patients, alleviating the occurrence
of withdrawal symptoms, and reducing their anxiety and
fear through rational use of drugs. Commonly used drugs
include benzodiazepines, vitamins, and naloxone [10].

(2) Changes in beliefs and attitudes: beliefs come from
four factors: knowledge, environment, happenstance, and
successful experience [11]. Optimization of postoperative
pain management is the main method to reduce patients’
fear of surgery and refusal of treatment. Alcohol-dependent
patients have reduced thresholds to pain and sensitivity to
pain medications. Intense pain experience will bring det-
rimental emotions to patients, which will affect their attitude
toward intervention, or even reject the implementation of
intervention measures. For such patients, the optimization
strategy recommended the principles of multimodal anal-
gesia, advanced analgesia, and individualized analgesia
(medication on demand instead of on-time).

The 2012 American Society of Anesthesiologists rec-
ommended that multiple modes of analgesia should be used
as much as possible [12]. Multimode analgesia refers to the
combined use of analgesic drugs. It also involves the use of
different methods or mechanisms of action to achieve ad-
ditive or synergistic effects without increasing complica-
tions. Simultaneously, the dosage of each drug is steadily
reduced, as are the adverse reactions. The objective is to
achieve the maximum balanced analgesic effect that is
conducive to patients with surgical pain.

Advanced analgesia: the objective of preventive analgesia
is to reduce or eliminate sensitization that is caused by
harmful stimuli in the perioperative period. Preventive
analgesia can inhibit peripheral and central sensitization,
reduce postoperative pain intensity, and reduce the demand
for analgesics [13].

Medications: medications that rapidly cross the blood-
brain barrier to inhibit central sensitization, including se-
lective COX-2 inhibitors.

Individualized analgesia: on-demand symptomatic
treatment is transformed into on-time and on-volume an-
algesia treatment [14]. The treatment plan mainly includes
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TaBLE 1: General information.

Fracture ;
Level of education . .
Group Cases Age type Daily alcohol intake (ml)
All Spine College Junior school Primary school Illiteracy

Control group 10 48.50+9.54 8 2 3 4 1 2 475+118.43
Experimental group 19  50.84+7.12 4 15 8 6 3 2 484 +162.49
TIx — -0.749 0.004 1.040 -0.158

P — 0.461 0.947 0.791 0.876

Hyperglutamatergic neural adaptation
Brain ‘
Alcohol ¢ Aa Fiber

C Fiber

Peripheral Nociceptor

Trauma

Alcohol dispense

= 0

Drug Liver
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Figure 1: Alcohol and pain mechanisms.

the following: after 1-2 days of parecoxib sodium alone after
mild pain, oral Celebrex 200 mg bid 5-7 days after PCA after
moderate pain, combined with parecoxib sodium 2-3 days,
oral Celebrex 200 mg bid for 5-7 days. If PCA is not used,
tramadol plus parecoxib should be used for 2-3 days. PCA
was used after severe pain surgery, and Celebrex 200 mg bid
for 5-7 days after the combined use of parecoxib sodium for
3-7 days. A combination of peripheral nerve block, plexus
block, and sustained-release opioid analgesics was used
when necessary.

(3) Behavioral interventions: by increasing the cognitive
behavior intervention, an optimized scheme to set up faith to
change the behavior of patients was sought [15]. The ex-
perimental group was encouraged to participate in pain
management through the intervention of pain and alcohol
withdrawal cognition during the perioperative period, and
self-pain score was performed. The analgesic program
should be optimized to increase patients’ confidence in pain
control through successful analgesic experience or their own
experience so that patients can carry out healthy behaviors.

On the premise of alleviating pain in patients, optimi-
zation of rehabilitation programs for patients. Functional
exercise was performed under pain control, supplemented
by dietary education, to improve the comfort of patients and
enhance recovery.

2.2. Observation Indicators. (1) The NRS digital scoring scale
was used to compare the pain scores of patients in the two
groups on admission, 1 day before surgery, 1 day after
surgery, and 3 months after surgery. (2) SAS anxiety/de-
pression scale was used to compare the anxiety curve of the
two groups at admission, 1 day before surgery, and 3 months
after surgery. (3) The changes in health behaviors in the two
groups were compared using the quality of life scale. (4)
Nursing satisfaction was compared between the two groups.
When the patients were discharged, a satisfaction ques-
tionnaire was issued. It included the following information:
satisfaction with the intervention measures, functional ex-
ercise guidance, health education, and other contents, with a
total score of 100 points, 80-100 points were very satisfied,
60-79 points were satisfied, and <60 points were not sat-
isfied. Overall satisfaction was calculated as follows: (very
satisfied + satisfied)/total number of cases x 100%.

2.3. Statistical Analysis. The application of SPSS 23.0, the
Shapiro-Wilk method to normality test data, accorded with
normal distribution, according to measurement data to
mean + SD group comparison between the two independent
samples t-tests; measurement data that did not conform to
normal distribution were represented by M (Q1, Q3), and



the rank sum test was used for comparison of groups.
Statistical data were expressed as percentages and the x” test
was used for comparison between groups. Statistical sig-
nificance was set at p <0.05.

3. Results

3.1. The NRS Scoring Scale. The NRS scoring scale was
used at 1 day preoperatively, on the day of operation, 1 day,
and 3 months postoperatively to compare between the
control group and the experimental group. The results are
given in Table 2.

There was no statistically significant difference between
the two groups in pain score at admission and 1 day pre-
operatively. Significant differences were observed on the day
of surgery and postoperatively. The NRS pain.

Scores were significantly lower than the control group,
indicating that the KABP intervention is effective and can
significantly reduce the patient’s pain.

3.2. The SAS Anxiety/Depression Scale. The SAS anxiety/
depression scale was used to compare the anxiety curve of
the two groups on admission, 1 day before surgery, and 3
months after surgery. The results are given in Table 3 and
Figure 2.

No statistical difference in psychological anxiety at ad-
mission was observed between the experimental and control
groups. The application of cognitive intervention showed
that anxiety level was significantly alleviated in the experi-
mental group, compared to the control group 1 day before
and 3 months after surgery (p <0.05).

3.3. The SF-36 Health Status Questionnaire. The SF-36
health status questionnaire was used to evaluate the patients’
quality of life from eight aspects, including physical func-
tion, physical role, physical pain, general health, vitality,
social function, emotional function, and mental health. The
quality of life assessment scale (SF-36) was used at admission
and 3 months after surgery to compare the differences in
quality of life between the two groups. The results are given
in Tables 4 and 5.

The results showed that the scores of the two groups at
admission were not statistically significant. However, due
to fracture trauma, the quality of the patients’ life in both
groups decreased to varying degrees within three months
of surgery. Comparatively speaking, the scores of the
control group were lower, and the results were statistically
significant. In comparison within the same group, the
quality of life of the control group was significantly re-
duced, and the results were significant (p<0.05). No
significant decrease in SF-36 scores was observed in the
experimental group (p <0.05). In addition, in this study,
there were five patients in the experimental group who
took the initiative to express abstinence determination
and/or action.
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3.4. Comparison of Nursing Satisfaction. Comparison of
nursing satisfaction between the two groups is given in
Table 6.

The satisfaction of the experimental group was signifi-
cantly higher than that of the control group, and the results
were statistically significant (p < 0.05).

4. Discussion

The sharp increase of alcohol consumption in China since
the 1980s and a series of social and economic problems were
caused by excessive drinking [16]. Alcohol abuse is the fifth
major risk factor for premature death and disability globally
and is the leading cause of death and disability in developing
countries. The WHO Global Action Plan for the Prevention
and Control of Noncommunicable Diseases (2013-2020)
formulated that the voluntary global target was to reach a
10% reduction in the harmful use of alcohol, as appropriate,
within the national context [17]. However, through nu-
merous literature reviews, the authors found that there is still
a lack of large-scale national epidemiological investigations
on the Chinese alcoholic population, and there are only
investigations and studies on the organic damage caused by
alcohol dependence, such as alcoholic hepatitis in foreign
countries [18]. The foundation of alcohol control is weak,
and a complete working system has not yet been formed.

4.1. Pain Management. Pain management remains a critical
public health issue worldwide, particularly for orthopedic
surgery patients. Patients with acute traumatic fractures and
alcohol dependence require specific pain management
techniques. However, these patients do not receive sufficient
clinical attention, and ordinary conventional analgesic
measures are often insufficient for pain relief. They often
increase unpleasant or even painful emotional experiences,
which leads to patients being depressed and refuse to get
treated, thus affecting their rehabilitation. Clinical nursing
work urgently needs to adopt safe and effective pain
management modes for these patients. In this study, patients
in the experimental group correctly understood pain and
surgery through early cognitive intervention. Patients were
encouraged to participate in pain management and self-pain
assessment. Through the analgesia optimization strategy,
patients’ pain score in the perioperative period was signif-
icantly lower than that in the control group.

4.2. Knowledge, Attitude, Belief, and Practice Mode (KABP).
The KABP divides the change of human behavior into three
continuous processes: knowledge, generating belief, and
forming behavior [18]. In clinical trials, the goal of the model
is ensure patients’ consistent compliance after considering
their best interests and ensure the efficiency and quality of
the trial. The results of this study indicate that the estab-
lishment of beliefs and change of attitudes is essential and
directly related to the stability of patient compliance.
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TaBLE 2: Comparison of pain scores between the two groups (NRS) (X + s).

Group Number of cases Admission Preoperative 1 day  Surgery  Postoperative 1 day Postoperative 3 months
Control group 10 5.10+0.994 4.30£0.675 5.80+1.135 6.10+1.101 4.30+£0.823
Experimental group 19 5.00+1.00 3.47 +0.612 4.84 +1.068 4.95+1.079 2.89+1.197
t 0.256 3.339 2.248 2.717 3.310
P 0.800 0.002** 0.033* 0.011% 0.003**
TaBLE 3: Comparison of patient anxiety.
Admission Preoperative 1 day Postoperative 3 months
Group Number of cases . . )
Mild  Moderate Severe Mild  Moderate Severe Mild  Moderate Severe
Control group 10 2 (20) 6 (60) 2 (20) 0 (0) 5 (60) 5 (40) 1 (10) 6 (60) 3 (30)
Experimental group 19 4 (21.05) 11 (57.90) 4 (21.05) 3 (10.53) 14 (73.68) 2 (15.79) 13 (68.42) 5 (26.32) 1 (5.26)
I'e 0.020 0.424 0.497
P 0.994 0.041* 0.009**
Admission Preoperative 1 day Postoperative 3 months
70.0 . : : ; 80.0 © 73.7% 80.0 40 : ' : '
60.0 60.09%.2% 70.0 B 70.0 08.4% % .
60.0 a6 ior <o 60.0 LR .
R ig:g 500 7 50.0% 50.0% 500 )
< zg'g 311% IRL ggg s . C ig:g 30.0%
100 200 200w ?88 'jo 105% fgg 10.0% 5.3%
0.0 00 L_00% 0.0
Mild Moderate Severe Mild Moderate Severe Mild Moderate Severe
—— Control Group —— Control Group —— Control Group
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FiGure 2: Comparison of patient anxiety.
TaBLE 4: Comparison of quality of life scores between the two groups (SF-36).
Group Number of cases Admission Postoperative 3 months
Control group 10 88.20+7.21 77.50 £ 6.33
Experimental group 19 89.74£10.47 88.37£12.42
t -0.414 —2.581
P 0.682 0.016
TaBLE 5: Comparison of quality of life scores of patients in the same group (SF-36).
Group Number of cases Control group Experimental group
Admission 10 88.20+7.21 89.74+£10.47
Postoperative 3 months 19 77.50£6.33 88.37£12.42
t 3.527 0.367
P 0.002 0.716
TaBLE 6: Comparison of satisfaction.
Group Number of cases Great satisfaction Satisfaction Dissatisfaction
Control group 10 3 (30) 5 (50) 2 (20)
Experimental group 19 16 (84.21) 2 (10.53) 1 (5.26)
X 8.594
P 0.014

4.3. The KABP Pattern Is Beneficial to Patient Knowledge
Mastery and Cognitive Improvement. Long-term, heavy
drinking can lead to mental and physical dependence and

cognitive dysfunction. Studies have shown that patients
with alcohol dependence have impaired cognitive func-
tions (e.g., memory, visual space, and executive function),



whereas their general intelligence and familiar knowledge
are relatively intact [19]. In this study, patients in the
experimental group displayed improved cognitive level
and reduced anxiety and fear through repeated cognitive
reinforcement in the KABP mode. Regarding anxiety,
between the control and experimental groups, there was
no difference at admission, a significant difference before
surgery, and a significant difference three months after
surgery; this indicates that early and repeated interven-
tions of knowledge, belief, and action modes are con-
ducive to anxiety relief in patients.

4.4. The KABP Mode Is Conducive to the Establishment of
Healthy Behaviors. Multidirectional communication is
conducive to patients’ understanding of knowledge and
mastery of exercise methods. Under the encouragement and
guidance of medical staft, it is easier to transform knowledge,
methods, and beliefs into healthy behaviors. In this study,
the change in patient anxiety, improvement of their sense of
participation, and the degree of treatment cooperation in-
dicate that the health education in the KABP mode make
patients more receptive. According to the SF-36 health status
scores, the quality of life in the experimental group did not
significantly decrease three months after surgery, whereas
the quality of life in the control group significantly de-
creased. In the later investigation, five patients in the ex-
perimental group took the initiative to express the
willingness or action of abstaining from alcohol, reflecting
the intervention’s positive effect and promoting the estab-
lishment of patients’ healthy behaviors.

4.5. The KABP Mode Is Conducive to Improving Patient
Satisfaction. In this study, 30% of patients in the control
group and 84.2% in the experimental group were highly
satisfied. The education in the KABP mode takes the needs of
patients as the starting point, attaches importance to
communication and interaction with patients in the inter-
vention process to significantly improve the degree of at-
tention they feel, and increases patients’ satisfaction with
nursing work.

In conclusion, on the basis of ensuring safety, individ-
ualized pain management programs can significantly reduce
patients’ pain and promote the generation of healthy be-
haviors through the application of knowledge, belief, and
action mode [20]. This study provides practical guidance for
pain management in patients with acute traumatic fractures
and alcohol dependence and lays a foundation for the study
of surgical pain management in other special populations.
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Background. The surgical management of cervical degenerative disc degeneration (CDDD) has not reached a consensus. Artificial
cervical disc replacement (ACDR) has been shown to be efficient in reducing symptoms after CDDD, although the topic remains
highly controversial in this field. This study aimed to evaluate the effectiveness of ACDR on the treatment of CDDD on the aspect
of radiographic reconstruction and clinical improvement compared with anterior cervical discectomy and fusion (ACDEF).
Methods. This was a retrospective comparative study with 47 patients who underwent single-level ACDR and 46 patients who
underwent single-level ACDF. The radiographic reconstruction was assessed by the cervical sagittal alignment parameters,
consisting of two aspects, distance and angle, such as cervical sagittal vertical axis (cSVA), cervical lordosis (CL), T1 slope (T1s),
and intervertebral space height (ISH). The clinical improvement was assessed by patient-related outcomes (PROs), consisting of
two aspects, relief of axial neck pain and recovery of cervical dysfunction, measured through the Visual Analogue Scale (VAS),
Neck Disability Index (NDI), and Japanese Orthopedic Association (JOA). Results. Significant variations were achieved on aspects
of radiographic reconstruction and clinical improvement after ACDR (P < 0.05), which were similar to that of the ACDF group
(P <0.05). A significantly larger postoperative range of motion (ROM) was found in patients less than 45 years of age in the ACDR
group (P <0.05). In addition, a significantly better postoperative JOA was found in patients with a preoperative ISH less than
4 mm in the ACDF group than that in the ACDR group (P < 0.05). Other than that mentioned above, no significant variations in
radiographic and clinical outcomes were found between the two groups (P > 0.05). Conclusions. Overall, this study showed that a
similar capability in terms of radiographic reconstruction and clinical improvement was found between the two methods. Specific
concerns should be analyzed while choosing between an ACDR and an ACDF. It should be pointed out that, based on our
experience, if the patient is younger, ACDR is recommended; for patients with preoperative ISH less than 4 mm, ACDF is
more recommended.

1. Background

Myelopathy, radiculopathy, or both can be caused by cervical
degenerative disc disease (CDDD) which can induce severe axial
neck pain [1]. It has been decades since anterior cervical dis-
cectomy and fusion (ACDF) was first introduced and has been
regarded as the gold standard procedure to treat CDDD [2-5].
Despite its proven success, ACDF may interfere with cervical
sagittal alignment and lead to adjacent segment disease (ASD)

[6, 7] due to a decreased range of motion (ROM) at the index
level and an increased ROM at the adjacent segment [8-11].

With its improved preservation of the spinal kinematic,
artificial cervical disc replacement (ACDR) has been offered
as an alternative technique [12, 13], which is supported by
both clinical and biomechanical research [14, 15]. In earlier
research, ACDF was used as a control group to explore the
efficacy of ACDR. However, even on this premise, the op-
timum treatment remains in dispute [16-24].
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The cervical sagittal alignment has a crucial role in
transferring axial loads, maintaining horizontal gaze and
global spinal balance [25, 26]. It has been shown that dys-
function of the neck and severe axial neck pain is related to
abnormal cervical sagittal alignment [27, 28]. To quantify the
cervical sagittal alignment, the cervical sagittal vertical axis
(cSVA), cervical lordosis (CL), T1 slope (T1s), intervertebral
space height (ISH), etc. were assessed in previous research
[6, 7, 25, 26]. However, the cervical sagittal alignment has
been fiercely disputed, with some studies showing it to be
closely associated with patient-reported outcomes (PROs)
and others having ambiguous views on the matter [26].

It was, therefore, decided to compare the effect on the
aspects of radiographic reconstruction and clinical improve-
ment for patients with CDDD between ACDR and ACDF. The
results were expected to be used to provide suitable guidance to
surgeons and to assist the prescription for patients.

2. Methods

2.1. Study Design. The patients diagnosed with CDDD who
underwent ACDR or ACDF performed by a single surgeon
team from February 2016 to February 2019 in our center
were screened for enrollment. All the medical records, ra-
diographic examinations, and clinically functional outcomes
were reviewed retrospectively. The present study was ap-
proved by the institutional review board of Beijing Chao-
Yang Hospital, and written consent was obtained from all
the patients preoperatively.

2.2. Inclusion and Exclusion Criteria. Inclusion criteria: (1)
received either single-level ACDR or ACDF treatment in
which the follow-up period was at least twelve months; (2)
age: 18-65 years; (3) index level occurred between C3 and
C7; and (4) conservative therapy with ineffectiveness.

Exclusion criteria: (1) traumatic injury; (2) tumor; (3)
ossification of the posterior longitudinal ligament (OPLL);
(4) autoimmune or metabolic bone disease such as anky-
losing spondylitis and rheumatoid arthritis; (5) osteoporosis
(T-score<-2.5); (6) kyphotic deformity; and (7) prior
surgery.

2.3. Surgical Indication and Procedure. The indications of
ACDR were anterior cervical decompression was required
for radiculopathy and/or myelopathy; the contraindications
of ACDR were malalignment of the cervical spine, severe
kyphosis, obvious instability, advanced age, and disc space
collapse. Patients with the contraindication mentioned
above underwent ACDF, whereas those without underwent
ACDR [29, 30]. Also, the surgical procedure and details of
ACDR (Mobi-C: Zimmer Biomet) and ACDF (Cage:
Medtronic) in this study by the same surgeon team were in
accordance with previous studies [14, 30-33].

2.4. Clinical Measurement. The clinical improvement was
assessed by patient-related outcomes (PROs), consisting of
two aspects: relief of axial neck pain evaluated by the Visual
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Analogue Scale (VAS) and recovery of cervical dysfunction
assessed via the score of Neck Disability Index (NDI) and the
Japanese Orthopedic Association (JOA) score. For the VAS
and NDI, a decrease represents an improvement, whereas
for the JOA, an increase indicates an improvement.

2.5. Radiographic Measurement. The radiographic recon-
struction was assessed by the cervical sagittal alignment
parameters, consisting of two aspects, distance and angle,
such as cervical sagittal vertical axis (cSVA), cervical lordosis
(CL), T1 slope (T1s), and intervertebral space height (ISH)
(Figure 1). Preoperative and postoperative radiographs were
obtained, as well as at the follow-up.

2.6. Statistical Analysis. Mean and standard deviation was
used to represent results in the study. Student’s t-test and
ANOVA were utilized in this study. It was deemed statis-
tically significant if the two-tailed P <0.05. All statistical
analyses were performed using GraphPad Prism 8.

3. Results

3.1. Patients’ Baseline Characteristics. Demographic infor-
mation and surgical data are reported in Table 1.

Patients in this study consisted of 93 individuals with
complete baseline and follow-up data. The mean patient age
was 48.73 + 11.31 years, mean body mass index (BMI) was
25.30 +3.903kg/m?, mean follow-up was 47.40 months
(from 30 to 66 months) (Table 2), and 39% of patients were
female. The series in the ACDR group was younger than that
in the ACDF group (P <0.05). A total of 62 patients had an
index level of C5 to C6, who are most likely to develop
CDDD based on previous research.

3.2. Clinical Improvement Outcomes. After surgery, both
groups of patients received significant relief of neck pain and
improvement of dysfunction of the cervical spine, and the
results are summarized in Table 3.

The preoperative VAS was 7.617+1.114 and
7.674+1.055 in the ACDR and ACDF groups. Both of the
two groups achieved significant pain relief to 1.511 + 0.5053
and 1.435+0.5437, respectively (P <0.05). In addition, the
preoperative NDI was 80.68 + 5.129 and 79.30 + 5.219 in the
ACDR and ACDF groups, respectively. The value of NDI in
the ACDR and ACDF groups decreased considerably at the
follow-up to 26.26 +17.210 and 27.70 + 14.250, respectively
(P<0.05). Furthermore, a similar clinical improvement
result was found in the value of the JOA score. The JOA in
the ACDR group improved from 6.120+1.156 to
11.850 + 1.609, and that improved from 6.554+1.671 to
12.460 + 1.807 in the ACDF group (P < 0.05). However, no
significant differences were found between the two groups at
the time point of the follow-up (P> 0.05).

3.3. Radiographic Reconstruction Outcomes. Radiographic
reconstruction improved similarly in both two groups and is
reported in Tables 4 and 5. Cervical alignment parameters
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FiGure 1: Radiographic measurement of the cervical sagittal alignment parameters. (a) cSVA: the distance between the plumb line from the
center of C2 and the superior posterior corner of C7; CL: the angle between C2 (the inferior endplate) and C7 (the inferior endplate); (b) T1s:
the angle between T1 (the superior endplate) and a horizontal line; ISH: average of anterior disc height (ADH) and posterior disc height
(PDH). Abbreviations: cSVA, cervical sagittal vertical axis; CL, cervical lordosis; T1s, T1 slope; ISH, intervertebral space height; ADH,

anterior disc height; and PDH, posterior disc height.

TaBLE 1: General information of the patients®.

Variable ACDR ACDF Total P value
Number of cases 47 46 93
Gender (female/male) 12/35 24/22 36/57
Age (years) 45.68 +9.255 51.85+12.43 48.73+11.31 0.048
BMI (kg/mz) 25.28 +3.860 25.33+£3.989 25.30+3.903 0.95
Follow-up (months) 48.72 +10.39 46.04 +10.82 47.40 +£10.63 0.23
Surgical level
C3/4 6 6 12 0.62
C4/5 1 2 3 0.50
C5/6 28 32 62 0.26
Ce6/7 12 4 16 0.052

*Values are presented as mean + standard deviation or number of cases. Abbreviations: ACDR, artificial cervical disc replacement; ACDF, anterior cervical

discectomy and fusion.

TaBLE 2: Age and postoperative ROM outcome®™.

A ACDR ACDF

e

8 N Postoperative ROM N Postoperative ROM
<45 24 10.31 +3.499 23 7.282+3.189
>46 23 8.293+£2.573 24 6.590 £3.673

P value 0.0274° 0.5210

*Values are presented as mean + standard deviation. "Significant difference between the age <45 group and age >46 group. Abbreviations: ROM, range of

motion.

such as cSVA, CL, Tls, and ISH were significantly improved
(P <0.05). The follow-up also found that they were signif-
icantly improved than those before surgery (P <0.05). Al-
though a significant difference of cervical alignment
parameters (cSVA, CL, Tls, and ISH) was found in each

group at each time point, there were no significant differ-
ences between the two groups (P > 0.05).

Referring to motion preservation, ACDR was designed
for the maintenance of ROM at the original. With no
surprises, a significant improvement was found among all
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TaBLE 3: Pain relief and dysfunction improvement®.
Group ACDR ACDF
Preoperative 7.617+1.114 7.674 £1.055
VAS Follow-up 1.511+£0.5053 1.435+0.5437
P value (preop vs. follow-up) <0.001° <0.001°
Preoperative 80.68 £5.129 79.30£5.219
NDI Follow-up 26.26 £17.210 27.70 £14.250
P value (preop vs. follow-up) <0.001° <0.001°
Preoperative 6.120 £ 1.156 6.554+1.671
JOA Follow-up 11.850 + 1.609 12.460 = 1.807
P value (preop vs. follow-up) <0.001° <0.001°

“Values are presented as mean + standard deviation or number of cases. bSigniﬁcant difference compared with preoperative values. Abbreviations: VAS,
Visual Analogue Scale; NDI, Neck Disability Index; JOA, Japanese Orthopedic Association.

TaBLE 4: Cervical sagittal alignment parameters®.

. . P value P value
ACDR Preoperative  Postoperative  Follow-up (preop vs. postop) P value (preop vs. follow-up) (postop vs. follow-up)
cSVA (mm) 10.37+3.816 7.906+3.197 8.558+3.312 0.0058" 0.0084° 0.0062°
CL () 1597 +11.55 20.58+12.31 19.00+11.62 0.0014° 0.0056" 0.0062°
Tis () 20.44+6.057 26.52+4.954 24.79+4.937 0.0022° 0.0055" 0.0051°
ISH (mm) 4.200+0.7466 6.726+1.071 6.100+0.9377 0.0078° 0.0040° 0.0044°
ROM (°) 4.745+2.253 10.29+3.335 9.151 +3.133 0.0037° 0.0053° 0.0027°
ACDF Preoperative Postoperative  Follow-up P value P value P value
(preop vs. postop) (preop vs. follow-up) (postop vs. follow-up)
cSVA (mm) 12.59+6.798 9.509+6.582 10.40 + 6.613 0.0085" 0.0090° 0.0018"
CL () 15.56+8.636  21.92+9.998 19.96+9.166 0.0046° 0.0038° 0.0049°
Tis () 2113+5.696 27.72+5.777 25.82+5477 0.0097° 0.0036° 0.0025°
ISH (mm)  4.229+1177 6.408+1.344 5770+1.186 0.0056° 0.0015" 0.0086°
. b 0.0793 0.4234
ROM (°) 5.467+3.952 7.457+3.797 6.846+3.482 0.0157 0.0000¢ 0.0011¢

*Values are presented as mean + standard deviation. "Significant difference between preoperative, postoperative, or follow-up values. “Significant difference
between ACDR and ACDF. Abbreviations: cSVA, cervical sagittal vertical axis; CL, C2-7 lordosis; T1s, T1 slope; ISH, intervertebral space height; ROM, range

of motion.

the time points (preoperative, postoperative, and follow-up)
in the ACDR group (P <0.05). However, the statistical
improvement was only found from preoperative to post-
operative in the ACDF group, no significant differences were
found neither from postoperative to follow-up nor from
preoperative to follow-up (P >0.05). Furthermore, a sta-
tistical difference at the time point of postoperative and
follow-up between the two groups was found, indicating that
there was an advantage in ACDR compared with ACDF on
the aspect of ROM maintenance, which was in line with our
expectations.

4. Discussion

The cervical sagittal alignment has gained great attention as
an important factor to determine axial neck pain and
dysfunction of the cervical spine. Modifications to the
cervical sagittal alignment might increase tiredness and neck
discomfort [34, 35]. For this reason, it is important to
maintain or reconstruct cervical sagittal alignment after
spine surgery. This is also the reason why the cervical sagittal
alignment has been used to evaluate the reconstruction of
the cervical spine.

Except for the intrinsic difference between the above-
mentioned two surgeries, the present study estimated the
effect on cervical sagittal alignment and PROs of the ACDR
versus ACDF and discovered that both the two methods
could do well for the treatment of CDDD.

Regarding the aspect of the patient-related outcomes, the
value of VAS, NDI, and JOA scores showed statistically
significant improvement in both ACDR and ACDF groups
which were in accordance with the findings of diverse kinds
of ACDR studies. But the two groups were evenly matched in
terms of this aspect in this study [36-41].

When it comes to determining cervical sagittal align-
ment, the value of cSVA is often used as a key metric. With
C7 as the foundation of support, cSVA stands for cervical
spine offset. In addition, postoperative cSVA >40 mm has
been observed to be associated with poor PROs [42]. Fur-
thermore, Iyer et al. believed that cSVA is an independent
predictor of preoperative NDI [28]. Similarly, the present
study found that preoperative ISH is associated with post-
operative JOA.

It has to be said that the disadvantage of ACDR, in the
beginning, is the inability to restore the sagittal curvature of
the cervical spine. Kim et al. conducted retrospective re-
search on the utilization of the ACDR prosthesis and
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TaBLE 5: Preoperative ISH and postoperative JOA outcome®.
. ACDR ACDF
Preoperative ISH (mm) . i P value
N Postoperative JOA N Postoperative JOA
<4 20 11.88+£1.700 21 12.95+1.516 0.0383"
>4 27 11.72+£1.631 25 12.04 £1.952 0.5259

*Values are presented as mean + standard deviation. ®Significant difference between ACDR and ACDF. Abbreviations: ISH, intervertebral space height; JOA,

Japanese Orthopedic Association.

reported that only 36% of the patients retained CL 33
months after the operation [43]. With technological ad-
vancement, studies have shown that the prosthesis can
maintain the sagittal curvature of the cervical spine com-
pared with that preoperative, through strict criteria and
improved operation, but it can only maintain but not re-
construct the cervical alignment. In the ACDR group in this
study, the value of CL was improved from 15.97+11.55
preoperatively to 20.58+12.31 postoperatively and
19.00£11.62 at follow-up with a significant difference
compared with baseline. The result of this study showed that
CL could be reconstructed well through ACDR. The authors
analyzed the reasons and considered that it may be due to the
absolute removal of osteophyte, repairment of the endplate
bed, and suitable choice of the prosthesis.

According to a prospective study by Lee et al. [44], the
greater value of CL was associated with a greater value of T1s,
which had a key role to preserve the physiological neck
tilting and horizontal gaze and determine the sagittal balance
of the cervical spine. The forward inclination of T1 can lead
to the forward movement of the center of gravity of the
cervical spine. In addition, the stability of the posterior
cervical muscle makes the cervical lordosis increase and the
head move backward, to make the balance center of gravity
forward. As a result, a greater T1 inclination requires a larger
CL to maintain the cervical sagittal alignment balance,
representing the relationship between the Tls and global
sagittal alignment [45]. In the present study, the value of T1s
achieved significant improvement from 20.44 + 6.057 pre-
operative to 26.52 + 4.954 postoperative in the ACDR group
and 21.13 + 5.696 preoperative to 27.72 + 5.777 postoperative
in the ACDF group. Both the two groups had a certain
degree of loss, which was 24.79 + 4.937 and 25.82 + 5.477 at
follow-up, respectively. The changing trend between Tls,
cSVA, and CL in this study was consistent with that of
previous studies [44-47].

It is also necessary to note that restoring and maintaining
the value of ISH is of importance to reconstruct the cervical
sagittal alignment. It is closely associated with axial neck
pain, adjacent segment degeneration, and neurologic
symptoms [48]. Liu et al. conducted a clinical study on the
aspect of the association between ISH and ROM to explore
the efficacy of ACDR.

No correlation was found between the cervical sagittal
alignment parameters (cSVA, CL, T1s, and ISH) and PROs
(VAS, NDI, and JOA) in previous studies [49], except that
patients with preoperative ISH <4 mm exhibited increased
postoperative ROM, while those with preoperative
ISH > 4 mm remained the same [48], which was similar with
the study of Basques et al. [50]. However, in this study, no

similar results were found in the ACDR group. The authors
in this study considered that it might be due to the difference
in the prosthesis, Bryan was utilized in theirs while Mobi-C
was used in the present study. Additionally, a significantly
better postoperative JOA was found in patients with a
preoperative ISH<4mm in the ACDF group than the
ACDR group in this study. These results may interpret that
patients with more preoperative loss of ISH may suffer from
low quality of life such as intolerable severe axial neck pain
and need more thorough decompression during the oper-
ation, even including the resection of the posterior longi-
tudinal ligament; as a result, the improvement postoperative
may be changed significantly compared with that with less
preoperative loss of ISH. For the abovementioned reasons,
the authors believed that, in patients with preoperative ISH
less than 4 mm, ACDF was more recommended.

In addition to the abovementioned findings, the results
of this study also showed a difference in the baseline of age.
Reviewing the data, the authors found that the median age of
enrolled patients in this study was exactly 45 years. The
author analyzed and considered that it may due to the
different surgical indications of the ACDR and ACDF in
daily clinical practice. Also, this study aimed to compare the
radiographic reconstruction and clinical improvement be-
tween the two procedures, so the author held that it would
not unduly affect the pooled results and conclusions. Ad-
ditionally, the author divided the enrolled patients into
groups of less than 45 years of age and more than 46 years of
age to verify whether the daily clinical experience of rec-
ommending ACDR for younger patients and ACDF for
elderly patients should continue to be followed. The result
showed that patients with age less than 45 years received a
significantly larger postoperative ROM than patients with
age more than 46 years in the ACDR group (P <0.05).
However, a similar result was not found in the ACDF group
(P> 0.05).

There were also limitations in the present study. Only the
Mobi-C prosthesis was included in this study, and the results
may be modified by diverse kinds of different prostheses,
and the sequential studies were still needed and went on.
Also, prospective cohorts with various types of prosthesis as
well as higher sample sizes might support stronger findings.

5. Conclusions

Opverall, according to the results mentioned above, both the
two methods could do well for the treatment of CDDD, and
a similar capability in terms of radiographic reconstruction
and clinical improvement was found between the two
methods. Specific concerns should be analyzed while



choosing between an ACDR and an ACDF. It should be
pointed out that, based on our experience, if the patient is
younger, ACDR is recommended; for patients with pre-
operative ISH less than 4 mm, ACDF is more recommended.
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In this prospective cohort study, we aimed to determine the surgical and adjacent segment changes in paraspinal muscles and facet
joints in patients with lumbar spinal stenosis after minimally invasive posterior lumbar interbody fusion (PLIF) using the cortical
bone trajectory (CBT) technique. We enrolled 30 consecutive patients who underwent the single-level CBT technique between
October 2017 and October 2018. We evaluated preoperative and 1-month, 3-month, 6-month, and 1-year postoperative clinical
data including Visual Analogue Scale (VAS) scores and Oswestry Disability Index (ODI). Magnetic resonance imaging (MRI) was
performed a year after surgery. The erector spinae (ES) muscle area, volume, and fat infiltration (FI) on the surgical and adjacent
segments were evaluated using the thresholding method, and the degree of adjacent facet joint degeneration was calculated using
the Weishaupt scale. FI rate was graded using the Kjaer method. All patients underwent a 12-month follow-up. The VAS and ODI
scores significantly improved after surgery in all patients. No patient showed degeneration of the adjacent facet joints (P > 0.05)
during the 1-year follow-up postoperation. There was no significant difference in ES muscle volume, area, and FI on the surgical
and adjacent segments (P > 0.05). The FI rate of the upper ES muscles increased postoperatively (P < 0.05); however, there were no
significant changes in FI rate of the lower ES muscles. Patients with lumbar spinal stenosis could obtain satisfactory short-term
clinical outcomes via minimally invasive PLIF using the CBT technique. Moreover, this technique may reduce the impact on the
paravertebral muscles, especially the ES muscle, and the adjacent facet joints.

1. Introduction

Lumbar spinal stenosis (LSS) is a common spinal condition
and the most frequent indication for spinal surgery in elderly
people. Posterior lumbar interbody fusion (PLIF) surgery is
a widely accepted surgical technique for the treatment of LSS
[1]. Paravertebral muscles play an important role in
maintaining lumbar spine stability [2]. Paraspinal muscle
degeneration may lead to loss of functional muscle support,
segmental movement disorders, and increased biome-
chanical strain, resulting in persistent postoperative low
back pain [3]. Three main mechanisms have been proposed
for structural changes in back muscles: disuse, denervation,

and an active process mediated by a localized muscle in-
flammatory response [4]. Traditional pedicle screws point
lateral to the pars interarticularis, and the operation lacks
protection of the paravertebral muscles and requires a rel-
atively wide dissection of the paraspinal muscles [5], which
may predispose to injury to the medial and posterior
branches of the spinal nerve and causes volume atrophy of
the paravertebral muscles [1, 6]. Muscle degeneration is
characterized by a decrease in muscle size and/or an increase
in the amount of fat infiltration on magnetic resonance
imaging (MRI) [7]. Moreover, the violation of the adjacent
facet joint surface could lead to adjacent segment degen-
eration (ASD) [8]. Therefore, traditional PLIF with pedicle
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screws may cause paraspinal muscle injury and ASD,
eventually leading to chronic low back pain.

In 2009, Santoni et al. introduced a new method for
screw insertion called the cortical bone trajectory (CBT)
technique [9]. This new trajectory follows caudocephalad
and lateral paths in the sagittal and transverse planes, re-
spectively, thereby increasing the purchase of the screw in
the pedicle and vertebral body. Since the starting point of the
screw is closer to the medial side, the incision and muscle
separation lengths are also reduced [10]. Thus, shorter
muscle dissection and incision lengths are associated with
less parafacial muscle atrophy [11]. Moreover, a unique
screw path reduces the violation of adjacent facet joints. In a
previous study, the incidence of symptomatic ASD in the
traditional PLIF group was approximately twice that in the
CBT group [12]. Additionally, the incidence of symptomatic
ASD was usually associated with paravertebral muscle injury
and facet joint violation [13, 14]. However, few studies have
assessed muscle injury and facet joint violation following the
CBT technique based on MRI. Therefore, we aimed to in-
vestigate the changes in paraspinal muscles and facet joint
degeneration after minimally invasive posterior interbody
fusion using the CBT technique.

2. Materials and Methods

2.1. Study Design and Participants. We prospectively en-
rolled 30 consecutive patients with lesions at L4/5 from
October 2017 to October 2018. LSS diagnosis was confirmed
by MRI or computed tomography (CT). We included LSS
patients (1) with severe low back and leg pains persisting
after at least 3-6 months of conservative treatment and (2)
without an obvious ASD on MRI before surgery. We ex-
cluded patients with (1) degenerative scoliosis (Cobb angle
>10°), because scoliosis affects the calculation of muscle
volume; (2) infection, trauma, or spondylolisthesis; and (3)
severe psychosis who were uncooperative during follow-up.
This study complied with the Declaration of Helsinki and
was approved by the Ethics Committee of Beijing Chaoyang
Hospital, ID: 2017-KE-103. Participant informed consent
was exempted because of the retrospective study design.

2.2. Surgical Technique. The patient was placed in a prone
position, and an approximately 5cm midline skin incision
was made on lumbar. The muscles were separated layer-by-
layer to expose the surgical site. Muscle was exposed to the
exposed vertebral isthmus. The facet joints were exposed,
avoiding the exposure of facet joints adjacent to the fused
segment. Decompression was achieved by partial lam-
inectomy and unilateral or bilateral facetectomy. The de-
compression-resected autogenous bone was made into bone
blocks and filled into polyetheretherketone cages. After
removing the disc and treating the superior and inferior
endplates, the residual particulate bone was inserted into the
anterior portion of the disc space, and the cage was sub-
sequently inserted into the disc space. In the CBT technique,
surgeons use screws typically measuring 5.5 mm in diameter
and ranging from 35 to 40 mm in length. All procedures
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were performed by the same surgeon and there were no
technical differences. All patients returned to normal ac-
tivities after removal of the drainage tube. After discharge,
low back muscle exercises were performed appropriately
according to the rehabilitation.

2.3. Assessment Criteria. Pre- and postoperative parameters
were assessed, including the degree of upper and lower facet
joint ASD, the muscle area and volume, and the fatty in-
filtration (FI) rate of the adjacent and surgical segments of
the erector spinae (ES) muscle.

FI rate was graded using the Kjaer method [7], “normal”
for estimates of 0-10% fat within the muscle, “slight” for
10-50% fat, and “severe” for >50% fat. Upper and lower facet
joints were assessed using the Weishaupt scale [15]. Grade 0
indicated normal facet joint space (2 + 4 mm width). Grade 1
indicated narrowing of the facet joint space (<2 mm) and/or
small osteophytes and/or mild hypertrophy of the articular
process. Grade 2 indicated narrowing of the facet joint space
and/or moderate osteophytes and/or moderate hypertrophy
of the articular process and/or mild subarticular bone
erosions. Grade 3 indicated narrowing of the facet joint
space and/or large osteophytes and/or severe hypertrophy of
the articular process and/or severe subarticular bone ero-
sions and/or subchondral cysts. All parameters were mea-
sured on MRI. Facet joint ASD, at the same level, was
expressed as the sum of the left and right facet joint
Weishaupt scores.

ES muscle measurements were obtained from T2-
weighted images using Image] software. The selection
method for muscle regions of interest (ROI) was based on
the technique proposed by Crawford et al. [16]. Based on
fascial plane separation, the facet joint was used as a
landmark between the multifidus and erector spinae mus-
cles. A large fat-filled tent between the longissimus and
iliocostal muscles was excluded from the ROL In addition,
fat areas lateral to the iliocostal and subfascial planes were
excluded in the ROI. MRI was performed using Signa Hdxt
3.0t (Siemens). The slice thickness was 3 mm with a 3 mm
gap between each slice, the parameters were set as FoV
200 mm, TR 2870 ms, and TE 87 ms. Patients were placed in
the supine position, with their legs straight and the lumbar
spine in a neutral position. Axial MRI was parallel to the
inferior endplate of the vertebral body. Paraspinal muscle
parameters were measured at the midpoint of the inter-
vertebral disc. The surgical and adjacent segments were
measured for each patient. Left and right values were
summed, from which the average values for ES muscle area,
volume, and FI were calculated. The ES muscle area and FI
were measured using a thresholding technique (see Fig-
ure 1), while the ES muscle volume was estimated by
multiplying the muscle area and height in the adjacent upper
and lower regions (see Figure 2). The paraspinal muscles
were regarded as approximate prisms, and the volume of the
paraspinal muscles was calculated from a three-dimensional
(3-D) perspective.

Clinical effects were assessed using the Visual Ana-
logue Scale (VAS) score for back pain and the
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(d)

FIGURE 1: A 45-year-old male patient diagnosed with lumbar spinal stenosis. (a) represents L4-L5 vertebral MRI, while (b) is the same image
obtained after processing by the Image] software. (c) represents L4-L5 vertebral MRI after CBT surgery, while (d) is the same image obtained
after processing by the Image]J software. The area enclosed by the yellow line after image thresholding in the ImageJ software is the ES
portion of the paravertebral muscle. ES area and FI obtained by calculation using the Image] software.

FIGURE 2: To estimate the volume, the entire ES muscle is considered as a circular table. The areas of the upper and lower segments are A and
B, respectively. Using the height h between the upper and lower segments, the volume of the ES is estimated using the formula

V = (1/3)h(S,4 + Sg + \/S;Sp)-

Oswestry Disability Index (ODI) evaluated preopera-
tively and at 1-month, 3-month, 6-month, and 1-year
postsurgery. In VAS, pain is divided into 10 points, 2
points indicating no pain, 10 points indicating severe
pain, and the middle part indicating varying degrees of
pain. The patient was asked to place a mark on the
horizontal line according to his/her feeling to indicate
the degree of pain, 2-4 points for mild pain, 5-7 points
for moderate pain, and 8-9 points for severe pain. The
ODI covered 1 item on pain and 9 items on activities of
daily living (personal care, lifting, walking, sitting,
standing, sleeping, sex life, social life, and traveling).
Each item was measured on a 6-point ordinal scale,
ranging from the best scenario to the worst scenario.

2.4. Statistical Analysis. SPSS version 21.0 was used to an-
alyze the collected data. All values were expressed as
mean =+ standard deviation. The Wilcoxon rank-sum test was

used for grade data selection such as muscle FI and facet
joint degeneration. Student’s t-test was used to examine
differences between groups of continuous variables such as
muscle area, VAS, and ODIL P <0.05 was considered sta-
tistically significant.

3. Results

Of the 30 patients enrolled, 16 were men while 14 were women,
with an average age of 63.63 +9.51 years (range, 45-82 years).
Single-level L4/5 PLIF was performed on all patients, respec-
tively. The mean body mass index was 24.54 + 3.83 kg/m* and
the average operation time was 153.33 + 29.87 min. The mean
intraoperative blood loss was 183.33 +69.89ml, and the av-
erage hospital stay was 7.97 +2.20 days (see Table 1).

The mean preoperative and postoperative ODI scores
and VAS scores are presented in Table 2, while the upper and
lower segment ES muscle areas, surgical segment ES muscle
areas, and ES muscle volumes are presented in Table 3. The
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TaBLE 1: Characteristics of patients with lumbar disease in this series.
Characteristics n
Sex
Male 14 (46.7%)
Female 16 (53.3%)
Age 63.63 £9.51 years

Body mass index
Operation time
Intraoperative blood loss
Hospital stay

24.54 +3.83kg/m”
153.33 +29.87 min
183.33 +69.89 ml
7.97 £2.20 days

TasLE 2: Clinical outcome assessment.

Preoperative 1-month follow-up 3-month follow-up 6-month follow-up 1-year follow-up
ODI 77.63 +5.36 61.85+8.65 50.52+£12.37 38.89£10.56 34.70 £13.56
VAS 7.70 £0.65 5.03+1.35 4.07 +1.09 3.23+1.28 2.70+1.21
VAS, Visual Analogue Scale; ODI, Oswestry Disability Index.

TABLE 3: Preoperative and postoperative paraspinal muscle parameters.
Preoperative 1-year follow-up P

USES area (mm?) 3168.14 +744.88 3215.08 £ 663.34 0.417
LSES area (mm?) 2989.21 + 871.46 2968.72 +795.05 0.711
SSES area (mm?) 3495.66 +772.81 3463.48 +774.95 0.069
ESV (mm®) 192480.767 + 45962.31 189865.65 +42912.18 0.384

USES, upper segment erector spinae muscle; LSES, lower segment erector spinae muscle; SSES, surgical segment erector spinae muscle; ESV, erector spinae

muscle volume.

VAS and ODI scores significantly improved after surgery in
all patients. There was no significant difference between the
preoperative and 1-year postoperative ES muscle area and
volume (P> 0.05) (see Table 2). The median preoperative
surgical segment ES muscle FI was 1 and the median 1-year
postoperative surgical segment ES muscle FI was 1, the
difference was not significant (Z=-1.41, P =0.16). The
median preoperative upper segment ES muscle FI was 0.5
and the median 1-year postoperative upper segment ES
muscle FI was 1, the difference was statistically significant
(Z=-2.00, P <0.05). The median preoperative lower seg-
ment ES muscle FI was 1 and the median 1-year postop-
erative lower segment ES muscle FI was 1, the difference was
not significant (Z=-1.00, P = 0.32).

There was no significant difference between the pre-
operative and 1-year postoperative facet joint scores. The
median preoperative upper segment facet joint score was 1
and the median 1-year postoperative lower segment facet
joint (LSFJ) was 2; however, the difference was not signif-
icant (Z=2.45, P>0.05) (see Figure 3). The median pre-
operative and 1-year postoperative LSF] scores were both 2;
however, the difference was not significant (Z=1.89,
P>0.05) (see Figure 4).

4. Discussion

Our study mainly focused on the effect of the CBT technique
on the ES muscle, a paravertebral muscle. The results showed
that the CBT technique could adequately protect the ES
muscle and facet joints during posterior open surgery.
Moreover, it effectively relieved the patient’s symptoms while

protecting the ES muscle from destruction and avoiding the
occurrence of persistent lower back pain caused by postop-
erative paraspinal muscle atrophy and ASD of the facet joints.

Paravertebral muscles play an important role in lumbar
motion and maintenance of stability [17]. The paraspinal system
mainly includes the multifidus and ES muscles. The ES muscle
plays an important role in balancing the vertebral column.
Previous studies have focused more on the multifidus muscle
relative to the ES muscle. Oztiirk et al. [18] found that in patients
with low back pain caused by lumbar disc herniation, the ES
muscle had more FI than the multifidus muscle. Paraspinal
muscle atrophy indicates a reduction in the force generated by
the ES muscles to support the basic load of the spine [19]. Some
reports have indicated that the reduction in the cross-sectional
area (CSA) of paravertebral muscles is associated with chronic
low back pain [17, 20]. In the CBT technique, paravertebral
muscle dissection is reduced because the entry point is closer to
the midline. Therefore, the CBT technique is considered to have
unique advantages in terms of reduced postoperative pain
because of its smaller incision and less paravertebral muscle
dissection. Hung et al. [21] found that patients who underwent
CBT surgery had a smaller rate of the superior or inferior
adjacent levels multifidus muscle FI than the pedicle screws
group. Fan et al. [22] also demonstrated that the CBT techniques
involved less paravertebral muscle dissection, less affected the
paraspinal muscles, and better improved the postoperative VAS
score than the traditional PLIF. This finding was like that of our
study. The surgical and adjacent segment ES muscle areas did
not change significantly in the 30 patients before and after
surgery. Postoperative follow-up showed improvement in pain
and quality of life (assessment by VAS and ODI). Thus, the CBT
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Facet Joints Weishaupt scale

B Pre-op USFJ
B Post-op USE]

FIGURE 3: Preoperative and 1-year postoperative Weishaupt scale scores of the upper segment facet joints. USFJ, upper segment facet joints.

Facet Joints Weishaupt scale
[38)

B Pre-op LSFJ]
W Post-op LSFJ

FIGURE 4: Preoperative and 1-year postoperative Weishaupt scale scores of the lower segment facet joints. LSF], lower segment facet joints.

technique reduces interference with the ES muscle, which leads
to the improvement of postoperative pain and function.

Previous studies on paraspinal muscles have mostly used
two-dimensional (2D) analyses, by calculating the area of the
paraspinal muscles. 2D analysis can only provide partial eval-
uation, whereas three-dimensional (3D) analysis, involving
muscle volume calculation, more accurately evaluates the extent
of muscle injury [23]. This study innovatively uses a 3D method
of muscle volume estimation by measuring the cross-sectional
area and the muscle length. This parameter better evaluates the
effect of surgery on muscles. In the 30 patients, there was no
statistically significant change in ES muscle volume after CBT
surgery. No paraspinal muscle atrophy occurred during 1-year
follow-up after surgery. This also demonstrates that CBT sur-
gery has less effect on the paraspinal muscles.

In addition, unlike previous studies that assessed par-
aspinal muscle using CT, we used MRI to investigate the rate
of paravertebral muscle FI. The results showed that the FI
rate of the surgical and lower segments of the ES muscles did
not change significantly after surgery. However, the rate of
Flin the upper segment of the ES muscles increased at 1-year
follow-up (P < 0.05). It has been shown that muscle swelling
due to edema may persist for 10 months after surgery [21].
Therefore, to avoid the interference of edema, chronic FI
changes should be evaluated more than 10 months after
surgery [22]. Skin incisions for CBT surgery are usually
small. Moreover, the contraction of the back muscles

through this small skin incision increases the intramuscular
pressure to a level that impedes local blood flow to the
muscle and leads to muscle degeneration [24]. Small surgical
incisions exert a greater tension when pulling surrounding
tissue. Due to the learning curve relationship, the operation
time and peri-incisional muscle traction time will be in-
creased when the surgeon is inexperienced. Studies on the
learning curve suggest that a shift in surgical technique and
greater efficiency over time decreased the incidence of
overall complications in the late cohort [25]. Both the op-
eration time and the greater tension exerted by the small
incision relative to pedicle screws can cause prolonged is-
chemia of the paravertebral muscles, which in turn causes
postoperative muscle tissue lipidation. Surgeons in this
study have completed more than 100 cases of CBT before
performing this study and are proficient in surgical tech-
niques with no impact on the study.

Facet joint violation is much lower in the CBT technique
than in traditional techniques because the entry point of the
former is near the midline, which is far from the superior
facet joint [26, 27]. Facet joint violation has been reported to
cause symptomatic adjacent segment disease and may affect
the fusion rate after fusion surgery, resulting in low back
pain [28]. Degenerative changes of the facet joints are often
characterized by cartilage loss, subchondral bone sclerosis,
and osteophyte formation. In this study, there was no sta-
tistically significant change in the 1-year postoperative facet



joint scores of the 30 patients and no obvious facet joint
degeneration was found during follow-up, demonstrating
that the CBT technique effectively avoided interference with
the upper and lower adjacent facet joints and avoided the
occurrence of ASD. However, the follow-up time in this
study was 1 year, and a longer follow-up may have different
results.

Several limitations of our study should be acknowledged.
First, the 1-year follow-up period may be too short to assess
the long-term effect of the CBT procedure on pain relief and
ASD. Second, our procedure focused only on single-level
CBT surgery. The effects of long-segment CBT on the par-
aspinal muscles and adjacent segments need to be studied.
Third, there was no comparison group for analysis. Com-
parison groups with conventional techniques should be
included in subsequent studies for controlled studies to
clarify the effects of CBT techniques on the paraspinal
muscles. Fourth, postoperative low back muscle exercise is
one of the effective measures to relieve postoperative par-
aspinal muscle fatty infiltration. The effect of surgical re-
habilitation exercises on the paraspinal muscles was not
focused on this study. Fifth, the learning curve of CBT
techniques can also affect the paraspinal muscles. Surgical
proficiency varies among surgeons at different stages of the
learning curve. Surgeons in this study are already familiar
with CBT techniques, but the effects of surgery on paraspinal
muscles for different learning curve stages should be further
investigated. Lastly, MRI generates incremental cost for the
patient. This could cause patients to be lost to follow-up and
increase the difficulty of long-term follow-up.

5. Conclusions

Our results showed that patients with lumbar spinal stenosis
could obtain satisfactory clinical outcomes via minimally
invasive PLIF using the CBT technique in the short run.
Moreover, the aforementioned technique may reduce the
impact on the paravertebral muscles, especially the ES
muscle, and adjacent facet joints.
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Objective. Recurrent lumbar disc herniation (RLDH) is the most common cause of sciatica after primary discectomy. The purpose
of this study was to evaluate the efficacy of transpedicular dynamic stabilization (TDS) combined with limited rediscectomy in the
treatment of single-level RLDH. Methods. We retrospectively evaluated a consecutive series of 24 middle-aged patients who
underwent TDS (Dynesys system) combined with limited rediscectomy (i.e., removing only extruded or loose disc fragments) for
single-level Carragee type II and type IV RLDH between April 2012 and September 2017. Clinical results were evaluated with
visual analog scale (VAS) for leg and low back pain, Oswestry Disability Index (ODI) scores, and complications. Imaging data
include lumbar segment motion and intervertebral height. Results. The mean follow-up period was 38 months. The VAS and ODI
scores were significantly improved at the last follow-up. The average range of motion (ROM) at the stabilized segment was 6.4°
before surgery and 4.2° at the last follow-up, with a 78.6% mean preservation (P < 0.05). Intervertebral height at the stabilized
segment decreased slightly after surgery (P < 0.05). However, there was no further decline at the last follow-up. There were no
cases of reherniation, screw loosening, or segmental instability. Conclusions. TDS combined with limited rediscectomy resulted in
an effective procedure in middle-aged patients with Carragee type II and type IV RLDH. It was able to stabilize the operated
segment with partial motion preservation. Moreover, it could maintain disc height and decrease the risk of recurrence in patients

with a large posterior annular defect.

1. Introduction

Discectomy is considered as the main surgical method in
patients with lumbar disc herniation (LDH) without seg-
mental instability [1]. Nevertheless, recurrent lumbar disc
herniation (RLDH) is one of the most common complica-
tions that can cause severe pain and reoperation after pri-
mary discectomy, with reported incidence ranging from 7%
to 24% [2]. The definition of RLDH has varied among
different authors. In most studies, recurrent lumbar disc
herniation was defined as a disc hernia at the same level of a
previous discectomy in patients with a pain-free interval of
at least 6 months long after surgery, regardless of ipsilateral
or contralateral herniation [3]. Numerous factors have been
associated with an increased rate of reherniation following
primary discectomy. Lumbar instability and increased stress

upon the intervertebral disc after discectomy may be the
major controllable risk factors for RLDH [4].

Surgical treatment for RLDH is indicated in patients
with continuous and severe pain, resistant to conservative
treatment or cases with motor deficiency. Traditional sur-
gical options include revision discectomy or discectomy
supplemented with instrumented fusion. According to the
reports by Buchmann et al. [5] and Hou et al. [6], redis-
cectomy provided good to excellent pain relief in 55%-96%
of the patients. Because of peridural adhesion, extension
interlaminar fenestration would be necessary to reduce the
risk of dural and nerve root injury. However, excessive
laminectomy may result in lumbar instability. In addition,
the intervertebral height decreases after rediscectomy, which
can lead to the progression of disc degeneration [7].
Therefore, some surgeons advocate the routine use of
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instrumented fusion in the treatment of RLDH [8]. In-
tervertebral fusion can maintain lumbar stability and
restore intervertebral height. A recent review by Dower
et al. [9] demonstrated that fusion resulted in a statisti-
cally significant improvement in back pain compared with
discectomy (60.1% vs. 47.2%, respectively). Nonetheless,
intervertebral fusion sacrifices the activity of the fixed
segment and may accelerate degeneration of adjacent
segments [10].

Based on the above deficiencies, transpedicular dynamic
stabilization (TDS) was introduced as an alternative to fu-
sion to preserve the activity of the instrumented segments
while stabilizing the lumbar spine. Moreover, this technique
is targeted to maintain the intervertebral height and reduce
the mechanical load upon the disc. It is reported that dy-
namic stabilization is useful to prevent or diminish recurrent
disc herniation after discectomy [11]. Therefore, we pro-
posed TDS combined with limited rediscectomy (i.e., re-
moving only extruded or loose disc fragments) [12] for the
treatment of patients with RLDH as an alternative to
instrumented fusion. The purpose of this study is to assess
the clinical outcomes of TDS with the Dynesys system
(Zimmer, USA) for RLDH.

2. Materials and Methods

2.1. Patients. This retrospective study included 24 consec-
utive patients who underwent Dynesys stabilization com-
bined with limited rediscectomy for single-level RLDH from
April 2012 to September 2017. There were 16 men and 8
women with an average age of 47.6 years (range of 32-62
years). This study has been approved by the Ethical Com-
mittee of the Third Affiliated Hospital of Chongqing Medical
University (SKYW20190316). The study was conducted per
the ethical principles that have their origins in the Decla-
ration of Helsinki and its subsequent amendments. In-
formed consent was obtained from all patients. Inclusion
criteria were as follows: (1) age >30 years at the time of
surgery; (2) patients with symptoms of new onset low back
pain and radicular leg pain and/or decreased muscular
strength and/or abnormal sensation; (3) diagnosis of single-
level RLDH confirmed by MRI (primary surgery included
open discectomy or microendoscopic discectomy); (4)
Carragee type II (presence of extruded or sequestered
fragments with wide annular rupture; rupture > 6 mm) or
type IV herniation (the width of the basilar part of the
herniated disc >6 mm; annulus is intact and without free
fragments under the annulus) [13]; (5) failed in at least 6
weeks of conservative treatment (oral medication, physical
therapy, and so on); and (6) underwent the operation of TDS
(Dynesys, Zimmer Spine) combined with limited redis-
cectomy. Exclusion criteria included the following: (1) more
than 1/2 reduction in intervertebral height; (2) rigid seg-
mental kyphosis; and (3) osteoporosis (T-score <-2.5,
DEXA).

2.2. Surgical Procedure. The Dynesys system is a pedicle
screw-based dynamic stabilization system. In the system,
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titanium alloy pedicle screws are connected by a polyeth-
ylene terephthalate (PET) cord that goes through the center
of a hollow cylinder polycarbonate urethane (PCU) spacer
instead of the traditional rigid rod (Figure 1). By appro-
priately tightening the cord and selecting the length of the
spacer, dynamic stabilization would be achieved in the
instrumented segment [14].

Patients were placed in the prone position under general
anesthesia. A midline dorsal incision in the skin, subcuta-
neous tissue, and lumbodorsal fascia was applied. Extended
interlaminar fenestration decompression was performed
through the posterior median approach on the symp-
tomatic side. Only extruded or loose disc fragments were
removed. Pedicle screws were inserted through the Wiltse
approach under imaging control. The entry point was
located at the junction of the lateral border of the superior
articular process and the basilar part of the transverse
process. Then, the patients’ position was modified to
obtain the appropriate lumbar lordosis. The spacer was cut
according to the measured distance between the screws
(distraction force of 1.5N). The central cord and the
spacer were then locked within the screw heads. Patients
received a soft support lumbar corset for 3 weeks after
surgery.

2.3. Clinical and Radiologic Evaluation. Clinical outcomes
were assessed with visual analog scale (VAS) for low back
and leg pain and Oswestry Disability Index (ODI). Operative
time, blood loss, and complications were also documented.
Standing plain and dynamic radiographs with flexion and
extension views were obtained preoperatively, at 3 months
postoperatively, and the last follow-up. The evaluation index
included the lordosis at the instrumented segment, the
height of the intervertebral disc, and range of motion (ROM)
at the instrumented level, the 1** proximal segment, and the
lumbar spine (L1-S1). Disc height (DH) was calculated using
the anterior intervertebral space height (AH) and posterior
intervertebral space height (PH) on the lateral standing
lumbar X-ray: (AH + PH)/2. Segmental ROM was calculated
as the angle difference value between the inferior surface of
the upper vertebrae and the superior surface of the lower
vertebrae on the lateral standing lumbar flexion-extension
X-ray. Disc degeneration grade was evaluated according to
the Pfirrmann classification on T2-weighted sagittal and
axial MRI [15].

2.4. Statistical Analysis. Statistical analysis was conducted
using SPSS (version 16.0, SPSS Inc.). The clinical and ra-
diologic results were analyzed using two-way ANOVA.
Significance was defined as P <0.05.

3. Results

3.1. Perioperative Data and Complications. The mean in-
terval between the primary and revision surgeries was
66.0 £53.2 months (range of 6-192 months). The RLDH
level was L4/5 in 14 (58.3%) and L5/S1 in 10 (41.7%) patients
(Table 1). The mean operative time was 136 minutes (range
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F1GURE 1: The Dynesys system consists of titanium alloy screws,
PET cords, and PCU spacers.

of 98-183 minutes), with an average blood loss of 266 ml
(range of 100-500 ml). The mean follow-up duration
was 38 months (range of 28-63 months). Superficial
incision infection was observed in one patient 6 days
after surgery. The patient was cured by debridement and
antibiotics. One patient developed low back and hip
pain 3 weeks after surgery, which was relieved after 10
days of conservative treatment. There were no cases of
reherniation, screw loosening, or dural and nerve root
injury.

3.2. Clinical Outcome. The mean VAS scores for low back
pain decreased from 3.8 + 0.8 (range of 3-5) preoperatively
to 1.3+ 0.6 (range of 0-2) at 3 months postoperatively and
0.9 £ 0.4 (range of 0-2) at the last follow-up. The VAS scores
for low back pain were significantly improved at the final
follow-up evaluation compared with the baseline values
(P <0.05). Similar to the VAS scores for low back pain, the
mean VAS scores for leg pain decreased from 5.5+ 1.1
(range of 4-8) to 0.9+ 0.6 (range of 0-2) at 3 months
postoperatively and 0.7 + 0.5 (range of 0-1, P < 0.05) at the
last follow-up. The mean ODI was 57.9% + 10.6% (range
of 40%-76%) preoperatively, 23.2% + 7.8% (range of 6%—
40%) at the 3-month follow-up, and 12.8% + 6.2% (range
of 0%-24%) at the last follow-up. The changes in VAS,,
and ODI scores between the preoperative period and the
follow-ups were statistically significant as well (P < 0.05)
(Table 2).

3.3. Radiologic Outcome. The lordosis at instrumented
segment was reduced from 8.0° (range of —5.7° to —13.3°)
before surgery to 6.8" (range of 2.3°-10.8°) at the 3 months
follow-up (P < 0.05) and 7.0° (range of 2.6°-11.3°) at last
follow-up (P > 0.05). The average disc height decreased
slightly  from  preoperative  104mm  (range of
6.8 mm-13.8 mm) to 9.3 mm (range of 6.3 mm-12.6 mm) at
3 months postoperatively (P <0.05). There was no further
decline at the last follow-up (P > 0.05). The average ROM at
instrumented segment was 6.4° (range of 3.1°-17.3°) before
surgery, 4.0°(range of 2.6°-5.9°) at 3 months after surgery,
and 4.2° (range of 3.0°-5.2°) at last follow-up. Compared with
preoperatively, 78.6% (range of 24%-152%) of ROM was
preserved at the last follow-up. The ROM at the 1* proximal
segment was 9.0° (range of 3.5°-16.0°) before surgery, 9.5

(range of 5.8°-15.7°) at 3 months after surgery, and 9.9°
(range of 5.5°-14.9") at the last follow-up. The differences
were not statistically significant (P >0.05). The lumbar
motion was reduced from 34.1° (range of 13.2°~60.4") before
surgery to 28.8° (range of 17.2°-40.4°) at 3 months after
surgery (P <0.05) and 34.8° (range of 18.7°-63.2°) at last
follow-up (P >0.05) (Table 3). MRI was performed in 11
patients during the follow-up period. Of the 11 patients,
the disc degeneration grade (Pfirrmann classification)
improved at the index level was observed in 6 patients
(Figure 2). The other 5 patients demonstrated no visible
signal intensity change at the index level. No progressive
degeneration was noted at the first proximal segment in
the 11 patients.

4, Discussion

The optimal treatment for RLDH remains controversial.
Several studies demonstrated that rediscectomy could be
able to achieve satisfactory clinical results [3, 6, 16]. How-
ever, the chance of segmental lumbar instability increases as
rediscectomy often requires more aggressive laminectomy
and facetectomy for better exposure of the nerve root canal
[17, 18]. Moreover, excessive sagittal activity at the involved
segment after discectomy is a risk factor for recurrent
lumbar disc herniation [19, 20]. Furthermore, large
posterior annular defect is prone to develop recurrent
disc herniation. According to the study by Carragee et al,,
the recurrence rate after discectomy in patients with
Carragee type II and IV herniations was 27% and 38%,
respectively [13]. Discectomy alone might be insufficient
to achieve satisfactory results. Thus, we performed pos-
terior dynamic stabilization with limited rediscectomy
for the treatment of Carragee type II and type IV RLDH
to stabilize the lumbar spine, reduce excessive interver-
tebral motion, and decrease the risk of re-recurrent disc
herniation.

The Dynesys system is supposed to stabilize the operated
segment with partial motion preservation. The biome-
chanical analysis demonstrated that the Dynesys system
reduced the intersegmental motion in flexion, extension,
lateral bending, and axial rotation compared with struc-
turally damaged specimens so that it could provide sub-
stantial stability in case of lumbar degenerative disease
[21, 22]. We investigated the clinical and radiologic results of
patients undergoing TDS and limited rediscectomy for
RLDH. In general, patients had clinically and statistically
significant improvements in VASy,jeg and ODI scores. In
addition, flexion/extension radiographs showed significant
preservation of ROM at the stabilized segment without
lumbar instability or spondylolisthesis. Some studies have
also shown that the Dynesys system provides the lumbar
spine with sufficient stability in treating degenerative
spondylolisthesis [23, 24]. In the long term, there is always a
concern of screw loosening in patients treated with dynamic
stabilization [25] although the loosened screws appeared to
be asymptomatic [26]. In the present study, no cases of screw
loosening were found at the last follow-up. The reasons
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TaBLE 1: Demographics of dynamic stabilization for recurrent lumbar disc herniation.

Case no. Sex Age (years) Level Primary surgery Recurrence time (months) Follow-up (months) Complication
1 F 53 L5-S1 OD 120 28

2 F 62 L4-5 OD 12 49

3 M 45 L5-S1 OD 60 54

4 M 34 L4-5 MED 19 33 Superficial wound infection
5 M 41 L4-5 OD 24 42

6 M 48 L5-S1 OD 120 30

7 F 48 L5-S1 MED 9 32

8 F 40 L4-5 OD 84 30

9 M 35 L5-S1 MED 36 63

10 M 58 L4-5 OD 108 40

11 F 34 L4-5 OD 60 37

12 M 53 L4-5 OD 96 36

13 M 52 L4-5 OD 24 46

14 M 47 L4-5 OD 6 32

15 F 50 L5-S1 OD 192 56

16 F 61 L4-5 OD 168 30

17 M 59 L4-5 OD 60 47

18 F 58 L4-5 OD 96 38

19 M 46 L4-5 MED 132 34 Transient low back and hip pain
20 F 52 L5-S1 OD 7 32

21 M 38 L5-S1 OD 72 33

22 M 43 L5-81 OD 24 29

23 M 54 L5-S1 OD 24 33

24 M 32 L4-5 OD 30 36

M: male, F: female, OD: open discectomy, and MED: microendoscopic discectomy.

might be the patients with osteoporosis were excluded, and
minimal bone resection as well as pedicle screws placement
lateral to the facet joints that makes the rotation axis of the
Dynesys system close to the rotation axis of the motion
segment could reduce the stress on the system.

Disc removal may lead to accelerated disc degeneration
at the operative level. Disc height reduction and endplate
degeneration may be the most common findings following
discectomy [27, 28]. Excessive removal is associated with the
progression of disc space narrowing, which may lead to low
back pain over time [29]. Conversely, limited nucleus pul-
posus removal, preserved disc height, and moderate disk
degeneration are significant risk factors for RLDH
[19, 30, 31]. Therefore, surgical treatment which can both
preserve the disc height and decrease the incidence of
reherniation may allow for improved outcomes. According
to the literature, discectomy with additional transpedicular
dynamic stabilization is useful to prevent progression of
intervertebral disc degeneration and decrease the risk of
recurrence in treating primary lumbar disc herniation
[32, 33]. Our results showed that disc height decreased
slightly after TDS and limited discectomy, but there was no
further decline at the last follow-up. The disc height could be
maintained at the last follow-up compared with the post-
operative value. The result may indicate that dynamic sta-
bilization can delay or prevent the progression of disc
degeneration. Of the 11 patients who underwent MRI ex-
amination during the follow-up period, 6 patients demon-
strated improved disc degeneration grade at the index level,
whereas the other patients showed no visible signal intensity
change at the index level. In addition, a second recurrence

TasLE 2: Clinical outcomes.

Preoperative 3 months Last F p
follow-up
VASpack 3.8+£0.8 1.3+06 09+04 11049 0.001
VASg 55+1.1 09+06 0.7+0.5 52516 0.001
ODI (%) 57.9+10.6 232+7.8 12.8+6.2 171.475 0.001

did not occur in any patients in this study at the last follow-
up. This further confirms that the Dynesys system can de-
celerate the degeneration process. However, its mechanism
remains unclear. One possible mechanism is that intradiscal
pressure is reduced by axial distraction [34], and moderate
dynamic compression or distraction could promote anab-
olism in nucleus pulposus cells [35, 36], thus allowing the
disc to repair itself. Some studies reported disc rehydration
at the bridged level after dynamic stabilization [37, 38].
However, severe degeneration of the disc is difficult to re-
verse. Therefore, patients with a significant reduction in
intervertebral disc height were excluded from this study.

There were limitations to this study: lack of a control
group, limited patient number, and short follow-up period.
Nevertheless, these are common issues when evaluating a
new surgical technique. Besides, there was no further
analysis of the causes of low back pain before the second
surgery and the role of dynamic stabilization in alleviating it.
In addition, due to the high costs, only 11 patients received
MRI at postoperative follow-up in the study. A longer
follow-up period and more patients receiving MRI will
contribute to better observation of the disc changes after
dynamic stabilization.
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TaBLE 3: Radiographic outcomes.
Preoperative 3 months Last follow-up F P
Lordosis at instrumented segment (°) 8.0+4.2 6.8+24 7.0+£2.6 2.379 0.104
Disc height at instrumented segment (mm) 104+1.9 9.3+1.9 91+1.8 57.562 0.001
ROM at instrumented segment () 64+32 4.0+0.9 42+0.6 12.578 0.001
ROM at the 1** proximal segment () 9.0+3.9 9.5+2.8 9.9+26 1.969 0.151
ROM at L1-S1 () 341+13.1 29.2+6.8 34.8+10.5 4.496 0.016

FIGURE 2: A case of a 53 years old female patient with RLDH at L5-S1. MRI scans showed rehydration at 22-month follow-up after

transpedicular dynamic stabilization.

5. Conclusions

Our results suggest that TDS combined with limited
rediscectomy resulted in a safe and effective procedure in
middle-aged patients with Carragee type II and type IV
RLDH. It was able to stabilize the operated segment with
partial motion preservation. Moreover, it could maintain
disc height and decrease the risk of recurrence in patients
with a large posterior annular defect.
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Background. Robot-assisted pedicle screw placement is usually performed under general anesthesia to keep the body still. The
aim of this study was to compare the accuracy of the robot-assisted technique under regional anesthesia with that of con-
ventional fluoroscopy-guided percutaneous pedicle screw placement under general anesthesia in minimally invasive lumbar
fusion surgery. Methods. This study recruited patients who underwent robot-assisted percutaneous endoscopic lumbar
interbody fusion (PELIF) or fluoroscopy-guided minimally invasive transforaminal lumbar interbody fusion (MIS-TLIF)
between December 2017 and February 2020 at a single center. Based on the method of percutaneous pedicle screw placement
used, patients were divided into the robot-assisted under regional anesthesia (group RE-RO) and fluoroscopy-guided under
general anesthesia (group GE-FLU) groups. The primary outcome measures were screw accuracy and the incidence of facet
joint violation (FJV). Secondary outcome measures included X-ray and visual analogue scale (VAS) scores which were used to
evaluate the degree of the postoperative pain at 4 hours and on postoperative days 1, 2, and 3. Intraoperative adverse events
were also recorded. Results. Eighteen patients were included in group RE-RO, and 23 patients were included in group GE-FLU.
The percentages of clinically acceptable screws (Gertzbein and Robbins grades A and B) were 94.4% and 91.5%, respectively.
There was no significant difference in the percentages of clinically acceptable screws (p = 0.44) or overall Gertzbein and
Robbins screw accuracy grades (p = 0.35). Only the top screws were included in the analysis of FJVs. The percentages of FJV
(Babu grades 1, 2, and 3) were 5.6% and 28.3%, respectively. This difference was statistically significant (p = 0.01). Overall, the
FJV grades in group RE-RO were significantly better than those in group GE-FLU (p = 0.009). The mean fluoroscopy time for
each screw in group RE-RO was significantly shorter than that in group GE-FLU (group RE-RO: 5.4 + 1.9 seconds and group
GE-FLU: 6.8 £2.0seconds; p = 0.03). The postoperative pain between the RE-RO and GE-FLU groups was not statistically
significant. The intraoperative adverse events included 1 case of registration failure and 1 case of guide-wire dislodgment in
group RE-RO, as well as 2 cases of screw misplacement in group GE-FLU. No complications related to anesthesia were
observed. Conclusion. Robot-assisted pedicle screw placement under regional anesthesia can be performed effectively and
safely. The accuracy is comparable to the conventional technique. Moreover, this technique has the advantage of fewer FJVs and
a lower radiation time.

1. Background

Pedicle screw fixation, a rigid surgical technique, has been
widely used in spine surgery since the 1970s [1] and has been
shown to stabilize the spine in a variety of spinal diseases,
such as trauma, tumors, degeneration, and deformities. With

the imaging guidance from fluoroscopy, freehand pedicle
screw placement has been performed with high levels of
accuracy. However, complications related to misplacements,
such as nerve and vascular injuries, still persist. In addition,
percutaneous pedicle screw implantation is associated with a
high incidence of iatrogenic facet joint violation (FJV),
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which is an independent risk factor for adjacent segment
disease (ASD) [2-4]. In addition to these patient-related
disadvantages, the surgeon’s intraoperative radiation ex-
posure is becoming increasingly concerning [5-7]. Previous
studies have shown that spinal surgical robots may be able to
offer solutions to both of these concerns [8, 9].

Robot-assisted pedicle screw placement is usually per-
formed under general anesthesia to keep the body still and
improve screw placement accuracy. However, general an-
esthesia may be associated with high percentages of peri-
operative complications and medical costs, especially for
elderly patients [10, 11]. In addition, some spine surgeons
prefer patient feedback to reduce the possibility of nerve
injury in some special surgeries, such as percutaneous en-
doscopic lumbar discectomy (PELD) and percutaneous
kyphoplasty [12, 13]. Regional anesthesia has been suggested
to be comfortable and safe in some open and minimally
invasive spine surgeries [14].

Our medical team found that patients could remain
motionless and painless during fluoroscopy-guided percu-
taneous pedicle screw placement under regional anesthesia
in percutaneous endoscopic lumbar interbody fusion
(PELIF) surgery. We predict that accurate, robot-assisted
placement of pedicle screws in this patient state can be
achieved. Therefore, we attempted to use a spine robot
instead of fluoroscopy to guide pedicle screw placement. To
the best of our knowledge, no previous study has been re-
ported focusing on robot-assisted pedicle screw accuracy
under regional anesthesia. This study, therefore, aimed to
evaluate the accuracy and safety of robot-assisted pedicle
screw placement under regional anesthesia in lumbar fusion
surgery.

2. Methods

2.1. Patients. This study was approved by the Ethics
Committee of the Hebei General Hospital before data col-
lection and analysis. This retrospective study recruited pa-
tients with lumbar degenerative disease who underwent
robot-assisted PELIF or fluoroscopy-guided minimally in-
vasive transforaminal lumbar interbody fusion (MIS-TLIF)
between December 2017 and February 2020. The diagnoses
included lumbar spinal stenosis, lumbar disc herniation, and
lumbar spondylolisthesis. The patients were divided into two
groups according to the pedicle screw implantation method:
robot-assisted under regional anesthesia (group RE-RO) and
fluoroscopy-guided under general anesthesia (group GE-
FLU).

The inclusion criteria were as follows: (1) scheduled 1- or
2-level PELIF or MIS-TILF surgery with either robot-
assisted or fluoroscopy-guided percutaneous pedicle screw
placement as the internal fixation technique; and (2) post-
operative computed tomography (CT) scans taken before
discharge with images meeting the measurement require-
ments. The exclusion criteria were as follows: (1) patients
with a degree of lumbar spondylolisthesis or lumbar
spondylolysis of II or higher; (2) patients with infection,
tumors, or scoliosis of the spine; and (3) history of previous
spinal surgery.
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2.2. Surgical Technique

2.2.1. Group RE-RO. All procedures were performed by the
same senior spine surgeon who had performed more than 20
cases of robot-assisted surgery. The patients’ CT data of the
lumbar vertebrae (continuous scanning, <I-mm cuts) were
copied from the inspection equipment and input into the
robotic surgical plan workstation (Mazor Renaissance
Surgical Technologies, Caesarea, Israel) for preoperative
planning. Before surgery, the patient was told how to co-
operate with the surgery, including keeping still and
breathing evenly for some special period. During surgery,
the patients were placed in a comfortable prone position on
the operating table, with oxygen inhalation and ECG and
vital sign monitoring. Dexmedetomidine (4 ug/ml) was
pumped at a rate of 3-8 ml/h. The administration of epidural
anesthesia was performed using the loss-of-resistance
technique through the interlaminar space of the operating
segments (Figure 1). The anesthetic drug for the injection
was a mixture of 0.5% lidocaine and 0.25% ropivacaine. The
dose was 10ml. In this anesthetic state, patients had
hypoesthesia rather than loss of sensation in the operative
region and lower extremities. The motion of the lower limbs
persisted.

The surgical procedure was performed as follows: First,
the working platform was installed. The Hover-T frame
platform was used for all operations in this group. After local
infiltration anesthesia (1% lidocaine), three needles were
inserted into the spinous process of the upper lumbar spine
and bilateral posterior superior iliac spines to fix the frame
(Figure 2(a)). After image acquisition, registration
(Figure 2(b)), and robot motion (Figure 2(c)), local infil-
tration anesthesia was administered to the skin and around
the facet joints before incision and drilling (Figure 2(d)). To
minimize deviations caused by spine movement, drilling was
carried out in a painless state. Otherwise, additional local
anesthesia was administered, as pedicle screw insertion
could aggravate the patient’s pain. It was essential to increase
the speed of drug pumping in advance. Details of the robot-
assisted procedure have been described in previous articles
[8, 15]. After screw (minimally invasive spinal system;
WEGORTHO Paedic Device Co., Ltd.; Weihai, China)
placement, decompression, and interbody fusion were
performed (Figure 3). No drainage system was required.
Postoperative MRI and CT were necessary. Patients could
walk with waist support on the first day. The protocol has
been outlined in Table 1.

2.3. Group GE-FLU. The pedicle screw placement proce-
dures were completed by two senior spine surgeons who
had each performed more than 50 cases of fluoroscopy-
guided pedicle screw insertion. After general anesthesia,
the patient was placed in a prone position. A C-arm was
used to locate the targeted vertebral pedicles and plan the
screw route. A puncture needle was inserted through a 1.5
cm incision with fluoroscopy guidance. After a final
fluoroscopy check on the AP and lateral views, the puncture
needle was replaced with a spacer. Screw (minimally
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F1GURE 2: The Hover-T frame platform was fixed on the patient’s spine (a); an anteroposterior image and an image 60°oblique to the plane
were captured by the C-arm for registration with the preoperative CT (b); the guiding robot moved on the platform according to the
preoperative plan (c); local infiltration anesthesia around the facet joints before drilling (d).

FIGURE 3: Percutaneous endoscopic lumbar interbody fusion following robot-assisted percutaneous pedicle screw implantation (a); intraoperative
fluoroscopy image during the interbody fusion cage placement (b).

invasive spinal system; WEGORTHO Paedic Device Co., 2.4. Outcome Evaluation. The primary outcome measures
Ltd.; Weihai, China) placement was performed after de-  were screw accuracy and the incidence of FJV. All patients
compression and interbody fusion (Figure 4). underwent thin-slice CT scans (<1.2-mm slices) of the



TaBLE 1: The protocol of robot-assisted percutaneous endoscopic
lumbar interbody fusion under regional anesthesia.

Key steps of this surgery

(1) Preoperative planning

(2) Patient preparation and education

(3) Monitoring and sedation

(4) Epidural anesthesia

(5) Working platform installed and robot registration
(6) Adequate local anesthesia

(7) Drilling under the guidance of the robot

(8) Pedicle screw inserted

(9) Screw evaluation with fluoroscopy

(10) Decompression and interbody fusion

(11) Postanesthetic care unit observation (1 hour)
(12) Postoperative MRI and CT (1 day after surgery)
(13) Walking with waist support (1 day after surgery)

()

FIGURE 4: Intraoperative fluoroscopy images in group GE-FLU: AP
X-ray image (a) and lateral X-ray image (b).

lumbar spine postoperatively. Screw accuracy was evaluated
using the Gertzbein and Robbins criteria [16]: grade A,
completely within the pedicle; grade B, < 2mm cortical
breach; grade C, 2-4 mm cortical breach; grade D, 4-6 mm
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cortical breach; and grade E, >6 mm cortical breach. Screw
grades A and B were considered clinically acceptable
[17-19]. Differences in the screw accuracy grades between
the two groups and the proportions of clinically acceptable
screws were assessed as the accuracy comparison parame-
ters. FJV was evaluated only for the upper pedicle screws
because of the related clinical significance using the Babu
classification system [20]: grade 0, the screw does not violate
the facet joint; grade 1, the screw violates the lateral facet;
grade 2, the screw penetrates the articular facet by 1 mm; and
grade 3, the screw lies within the articular facet surface.
Differences in violation grades and the percentages of vio-
lating screws (grades 1, 2, and 3) were assessed as the FJV
comparison parameters. The data were measured inde-
pendently by two spinal graduate students using a picture
archiving and communication system (PACS) (Neusoft
Medical image diagnostic reporting system; Neusoft Co.
Ltd., Shenyang, China) who were not aware of the purpose of
the study in advance. If there was a discrepancy between the
results, the worst result was adopted.

As secondary outcome measures, we compared the
X-ray exposure and intraoperative adverse events related to
the screw placement procedure as well as to anesthesia.
X-ray exposure measurements were determined by the
fluoroscopy time for each screw including the robot reg-
istration and intraoperative screw evaluation (sum of ex-
posure times of the whole screw implantation and rod
connecting procedures/number of screws inserted). A vi-
sual analogue scale (VAS) score was used to evaluate the
degree of the postoperative pain at 4 hours and on post-
operative days 1, 2, and 3.

2.5. Statistical Analysis. Statistical analyses were performed
using IBM SPSS Statistics for Windows, version 23.0 (IBM
Corp, Armonk, NY, USA). Fisher’s exact test and Pearson’s
chi-squared test were used for group comparisons of sex, the
distribution of diagnosis and screw location, as well as the
percentages of clinically acceptable screws and facet viola-
tion screws. Two-sample ¢ tests were used for group com-
parisons of age, body mass index (BMI), the superior facet
joint angle, fluoroscopy time for each screw, and the VAS
score at 4 hours and on postoperative days 1, 2, and 3. The
Mann-Whitney U tests were used for group comparisons of
accuracy and FJV grades. The statistical significance of these
parameters was set at p <0.05.

3. Results

Ninety-four consecutive patients were initially included in
this study. Because of the requirement of postoperative CT
results and other disease-related criteria, only 41 patients (22
women and 19 men) met the inclusion criteria. Eighteen
patients (10 women and 8 men) who underwent PELIF were
included in group RE-RO. Twenty-three patients (12 women
and 11 men) were included in group GE-FLU; 20 patients (9
women and 11 men) underwent MIS-TLIF and 3 women
underwent PELIF. The baseline characteristics of age, sex
distribution, BMI, the superior facet joint angle, distribution
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of diagnosis, and screw location did not differ between the
groups RE-RO and GE-FLU (Table 2).

A total of 168 screws were inserted into patients’ 4
vertebrae. Among them, 74 were implanted using the robot-
assisted technique under regional anesthesia (group RE-
RO), and 94 were implanted using the fluoroscopy-guided
technique under general anesthesia (group GE-FLU). The
incidence of pedicle breach (grades B, C, D, and E) in the two
groups was 10.8% (8/74) and 20.2% (19/94), respectively.
There was no significant difference in the incidence of
clinically acceptable screws (grades A and B), with per-
centages of 94.4% and 91.5% for groups RE-RO and GE-
FLU, respectively (p = 0.44). The difference in the Gertzbein
and Robbins screw accuracy grades was also not statistically
significant (p = 0.35). Considering the relationship between
FJV and ASD as well as the surgeon’s level of concern during
insertion in different segments, only the 82 top screws were
included in the analysis. In group RE-RO, 5.6% of the 36
screws analyzed violated the facet joint (grades 1, 2, and 3).
In group GE-FLU, the incidence of FJV was 28.3%. This
difference between these two groups was statistically sig-
nificant (p = 0.01). The FJV grades in group RE-RO were
significantly better than those in group GE-FLU (p = 0.009).
A detailed list of the pedicle screw accuracy grades is pre-
sented in Table 3.

The mean fluoroscopy time for each screw in group RE-
RO was significantly shorter than that in group GE-FLU
(group RE-RO, 5.4+ 1.9 seconds; group GE-FLU, 6.8 +2.0
seconds; p = 0.03). The VAS scores at 4 hoursand on 1, 2, 3
days after surgery in group RE-RO were 4.7 +£2.5, 4.7+ 1.9,
3.9+ 1.1, and 2.7 + 1.0, which were lower than those in group
GE-FLU at each time point (5.5+2.0,5.1+1.5,3.9+ 1.3, and
2.7+1.1). However, this difference was not statistically
significant (p = 0.26, p = 0.44, p = 0.94, and p = 0.81). No
patients suffered from neurovascular complications post-
operatively or underwent revision surgery due to screw
misplacement. No cases of cerebrospinal fluid (CSF) leakage
or surgical site infection were observed. Other adverse events
of the screw placement procedure were as follows:

(1) 1 case of registration failure in group RE-RO. The
screws were placed by the fluoroscopy-guided
technique instead of the robot-assisted technique.

(2) 1 case of guide wire dislodgment in group RE-RO. It
was found during the operation, and the fragment
was removed under the guidance of fluoroscopy.

(3) 2 screws in 2 cases of screw misplacement in group
GE-FLU. They were revised intraoperatively by the
fluoroscopy-guided technique after an X-ray check.
There were no complications related to anesthesia in
either group.

4. Discussion

In this study, we showed that robot-assisted percutaneous
pedicle screw placement under regional anesthesia has a
high accuracy of 94.6%. The accuracy reported under general
anesthesia is 85%-99% [8, 21-23]. Although the difference
was not significant, group RE-RO showed higher

percentages in overall grade and clinically acceptable grade
compared with group GE-FLU. This outcome is clinically
satisfactory. Robot-assisted screw accuracy is closely related
to spine movement because of its fundamental mechanism
and working principles [24]. Regional anesthesia has proved
to be a safe and effective anesthetic technique under which
patients can be stable and pain-free. Kang et al. reported on
111 patients who underwent open lumbar spinal decom-
pression, endoscopic decompression, and open posterior
fusion surgery under regional anesthesia [14]. The anesthetic
effect was satisfactory. Xu et al. revealed an intraoperative
mean VAS score of low back pain of 1.25 under epidural
anesthesia during PELD surgery [12]. According to our
experience, spine movement mainly affects screw accuracy
by the movement of the robotic arm and screw passage
drilling steps. The first step takes a short time, and coop-
erative patient immobility is feasible. Additional local in-
filtration anesthesia around the facet joints can reduce
discomfort during the drilling procedure. However, once
spine movement is detected, reregistration is required.

In terms of the baseline, there were some differences in
the sequence of screw placement and decompression be-
tween the two groups. In the RE-RO group, to avoid the
accuracy reduction in robot image acquisition and regis-
tration procedure after decompression, screw placement was
carried out before decompression. In order to prevent the
screw tail from affecting the decompression operation, screw
placement was carried out after decompression and inter-
body fusion in the 20 patients who underwent MIS-TLIF.
However, the screw path was established and marked with a
guide wire before the decompression step. Both groups
completed the screw path preparation before decompres-
sion. Therefore, we think that different decompression
methods have little effect on the accuracy of screws.

In the robot-assisted cohort, the robotic platform was a
Hover-T frame, which is designed for minimally invasive
surgery. The frame is fixed on the spine and pelvis during the
whole insertion procedure. Relative resting of the body and
platform can reduce the influence of accidental body motion
on screw accuracy. Ringel et al. [22] reported a lower screw
accuracy of 85% by using a “bed mount” platform (a
platform fixed on the edge of the operating bed) and at-
tributed the inaccuracy to the inappropriate platform choice.
The relative movement of the robot to the patient may be
slightly larger with this method.

In terms of FJV events, the robot-assisted technique was
better than the fluoroscopy-guided technique. This finding is
consistent with previous studies [8, 25, 26]. We only ana-
lyzed the top two pedicle screws in each patient to measure
the incidence of FJV for two reasons. First, only FJV from the
top screws is related to ASD and even reoperation. Second,
accurate measurement was difficult in the lower segments
because facetectomy was performed for decompression.
Furthermore, an offset from the operator might exist. To
reduce the probability of FJV, surgeons should pay more
attention to the entry points of the top screws during
preoperative planning or intraoperative localization. Dif-
ferent from the robot’s one-time drilling, the fluoroscopy-
guided technique requires adjustment of the entry point a
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TABLE 2: Baseline characteristics.

Characteristics Group EP-RO Group GE-FLU Overall p value
No. of patients* 18 23 41
Female sex (%)* 55.6 52.2 53.7 0.83
Age (years)" 61.6+7.1 62.4+6.1 621+6.5 0.71
Mean BMI (kg/m?)" 26.0+3.6 25.5+2.9 257432 0.58
Superior facet joint angle” 441+3.6 43.8+2.1 44.0+3.2 0.56
Diagnoses™ 0.88
LDH 4 5 9
LSS 9 10 19
Lumbar spondylolisthesis 5 8 13
Location of screws* 0.98
L3 4 7
L4 14 19 33
L5 16 20 36
S1 4 4 8
*Values are the number or the number (%) of patients. "Values are presented as mean + SD. BMI indicates body mass index.

TaBLE 3: Comparison of pedicle screw placement accuracy, FJV, and fluoroscopy time.
Characteristics Group EP-RO Group GE-FLU Total pvalue
No. of screws* 74 94 168
Accuracy grade*
(n%) 0.102
Grade A 66 (89.2%) 75 (79.8%) 141 (83.9%)
Grade B 4 (5.4%) 11 (11.7%) 15 (8.9%)
Grade C 4 (5.4%) 5 (5.3%) 9 (5.4%)
Grade D — 2 (2.1%) 2 (1.2%)
Grade E — 1 (1.1%) 1 (0.6%)
Clinically acceptable*
(Grade A +B) 70 (94.6%) 86 (91.5%) 156 (92.8%) 0.44
No. of screws for FJV comparison* 36 46 82
FJV grade*
(n%) 0.009
Grade 0 34 (94.4%) 33 (71.7%) 67 (81.7%)
Grade 1 1 (2.8%) 8 (17.4%) 9 (11.0%)
Grade 2 1 (2.8%) 2 (4.3%) 3 (3.7%)
Grade 3 — 3(6.5%) 3 (3.7%)
Violating screws*
(Grade 1+2+3) 2(5.6%) 13(28.3%) 15(18.3%) 0.01
Fluoroscopy time per screw” (secs) 54+1.9 6.8+2.0 6.2+2.0 0.03
Postoperative pain rating * (VAS)
4 hours after surgery 47+25 55+2.0 0.26
Postoperative day 1 47+19 51+15 0.44
Postoperative day 2 39+1.1 39+1.3 0.94
Postoperative day 3 2.7+1.0 2.7+1.1 0.81

*Values are the number or the number (%) of patients. "Values are presented as the mean + SD. FJV indicates facet joint violation. VAS indicates visual

analogue score.

few times. Joint capsule injury may occur during this step.
We deduce that it may aggravate the degeneration of the
facet joint and cause ASD. No research has described this
phenomenon.

Because of the different decompression methods, we
only compared the radiation exposure time during the screw
placement procedure. The results showed that the robot
performed significantly better in minimizing this time. The
advantage of the short radiation exposure time is more
remarkable as the number of screws increases, especially in
some spinal deformity surgeries. This is because most of the
radiation exposure in robotic surgery occurs during the

registration and platform process, which only needs to be
performed once per operation. Fan et al. [18] compared the
radiation dose among robots, novel guided templates, and
CT-based navigation in adult degenerative scoliosis. The
robot-based surgeries exhibited the lowest intraoperative
radiation dose. In our study, we included the exposure time
involved in connecting the percutaneous rod. The robot can
preoperatively plan a better screw order, which can reduce
operation times and radiation exposure. This may be one of
the reasons for the low radiation exposure time.
Intraoperative adverse events were equal in the two
techniques. However, it seems that the complications in the
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robot group are less likely to cause serious consequences.
Keric et al. [27] also found no significant differences between
robotic-assisted and fluoroscopy-guided screw placement
regarding intraoperative complications. The identification of
additional adverse events requires studies with larger sample
sizes.

The findings of our study provide a new anesthesia
method for the clinical application of spine robots. It proves
that the spinal robot can be used under regional anesthesia.
The accuracy is clinically acceptable. Considering that re-
gional anesthesia has many advantages over general anes-
thesia [10], we expect that some minimally invasive
operations, such as PELD, bone biopsy, and percutaneous
kyphoplasty, can be performed under regional anesthesia.
Medical costs and recovery periods can be reduced ac-
cordingly. There are some limitations in this study. First, this
is a single-center retrospective study, so the sample size is
small (only 41 patients included). Thus, selection bias may
exist. Second, the preoperative and postoperative screw
positions were not compared because of technical issues.

5. Conclusion

Robot-assisted pedicle screw placement under regional
anesthesia can be performed effectively and safely. The ac-
curacy is comparable to that of the fluoroscopy-guided
technique. Moreover, this technique has the advantage of
fewer FJVs and a lower radiation time.
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Background. Damage to the anterior cruciate ligament (ACL) is crippling and often requires an arthroscopic outpatient surgery.
Nevertheless, many patients experience severe pain during the first day after ACL reconstruction (ACLR). The adductor canal
block (ACB) has yielded conflicting results for post-ACLR pain relief. This research investigated the effect of a supplemental
popliteal plexus block on postoperative pain outcomes compared to a sole ACB. Methods. Following a randomized design, 60 cases
scheduled for knee arthroscopy with ACLR using an ipsilateral hamstring graft were separated into two categories. Subjects in
group A (n=30) received an ACB only, while subjects in group B (n=30) received combined ACB and popliteal plexus block
(PPB). Results. We found significant differences between the two groups. The time of the first analgesic request (TFR) was later for
the combined ACB and PPB (median 8 h) compared to the ACB only group (median 0.5 h). Morphine consumption was lower for
patients who received combined ACB and PPB (median 12mg) compared to ACB only (median 30 mg). The number of the
requested doses was lower for the combined ACB and PPB group (median 3 doses) compared to the ACB only group (median 7
doses). Conclusions. The addition of PPB to ACB was associated with improved analgesia and a reduced need for opioid-based
sedatives following ACLR with an ipsilateral hamstring graft (https://clinicaltrials.gov/ct2/show/NCT04020133).

1. Introduction

One of the most common injuries to the knee is an anterior
cruciate ligament (ACL) sprain or tear due to trauma [1, 2].
ACL damage is crippling and often requires repair with an
arthroscopic method, which is an outpatient surgery.
Nevertheless, patients experience severe postoperative pain
on the first day after the ACL reconstruction (ACLR) [3, 4].
Efficient postsurgery pain management is an important part
of patient recovery that is also crucial for their satisfaction.
Psychological factors are important for predicting outcomes
of patients who undergo ACLR. There is also a negative
association between function and quality of life evaluation
[5, 6]. Efforts are ongoing to minimize postoperative muscle
weakness and maximize postoperative analgesia [7, 8].
ACLR interventions affect the complex innervation of the

affected anatomical parts, including the femoral nerve (in-
cluding its infrapatellar and saphenous branches), obturator
nerve, and tibial and common peroneal branches of the
sciatic nerve. The anterolateral (camera), anteromedial
(instrumentation), and superomedial ports (fluid channel)
used during arthroscopy are innervated by the common
peroneal, infrapatellar, and saphenous nerves, respectively
[9]. Additional vertical incisions (anteromedial port) may
traverse the overspreading nerves like the infrapatellar nerve
[10]. Shearing, stripping, and excising forces are applied
during hamstring tendon harvesting, while the poster-
omedial thigh incision at the donor site is innervated by
branches of the tibial nerve. Hence, surgery-related pa-
rameters like surgery port location and graft origin are of
crucial importance for selecting appropriate nerve blocks for
multimodal analgesic regimens. Ignoring such factors in the
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analgesic plan can cause severe postsurgery pain [11]. The
adductor canal block (ACB) is a novel method for post-
surgery analgesia after knee operations. It provides good
analgesia to the medial and anterior aspect of the knee by
blocking sensory branches of the saphenous nerve and the
nerve from the vastus medialis to the knee [12]. Concerning
postsurgery pain management, its effectiveness is similar to
the femoral nerve block (FNB) [13-18]. The major benefit of
ACB is maintaining, or minimizing quadriceps strength
decline, which accelerates ambulating and recovery fol-
lowing knee operations [18]. However, its use in ACLR has
produced contradictory results due to the anatomical rea-
sons mentioned above [4, 11, 19-24]. Adding a tibial nerve
block can effectively cover the hamstring tendon graft area,
but at the expense of leg weakness, which could increase the
risk of falling. There are also logistical challenges and time
limitations associated with given several injections while
maintaining rapid case turnover for ambulatory ACLR
procedures [25, 26].

The popliteal plexus block (PPB) is a novel sensory block
to the posterior knee compartment that anesthetizes the
sensory tibial genicular postobturator nerve branches with a
minimal effect on the ankle musculature. Here, we per-
formed a randomized clinical trial (RCT) that combined
PPB with the standard ACB in patients undergoing ACLR.
We investigated whether this protocol improved postop-
erative analgesia without affecting motor function compared
to the effects of ACB alone.

2. Methods

This study was performed at Fayoum University Hospital
and enrolled 60 adult cases scheduled for ACLR surgery
following approval of the Scientific and Ethical Committee
of El Fayoum University Hospitals with study number (D
182) in December 2018. This study was registered at Clin-
icalTrials.gov (identifier: NCT04020133), and written in-
formed consent was obtained from all participants. Patients
scheduled for ACL reconstruction with American Society of
Anesthesiologist physical status I/II/III, aged >18 years, and
body mass index (BMI) <40kg/m” were included in the
study. Patients were excluded if they refused to participate,
were not cooperative, had a BMI >40 kg/m?, or were allergic
to local anesthetics. We also excluded patients with anti-
coagulation or bleeding problems, previous nerve dys-
function, swelling or contamination over the injection
area(s), and daily morphine consumption >40mg. Sixty
patients were randomly chosen to receive either ACB (group
A, n=30) or ACB with PPB (group B, n =30) using random
sequence numbers that were hidden in envelopes that were
opened in the operating room. Physicians and nurses who
were in charge of treating participants and gathering data
were not aware of the allocation process. Patient history
investigations, routine examinations, and other necessary
tests were performed following the local guidelines, in-
cluding complete blood count, blood glucose, serum urea
and creatinine levels, liver function tests, coagulation profile,
and electrocardiogram. Before the operation, the visual
analogue scale (VAS) was explained to all patients ranging
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from 0 (“no pain”) to 100 (“worst imaginable pain”). In
addition, they were informed about the nerve block in-
terventions. All patients fasted for 6 h before surgery. Those
in the intervention group received 0.03 mg/kg of intrave-
nous (IV) midazolam and intravenous (IV) 1g of cefo-
taxime to prevent infection. Routine monitoring was
performed for all cases, including pulse oximetry, elec-
trocardiography, and noninvasive blood pressure moni-
toring. General anesthesia was used instead of spinal
anesthesia, as the latter may affect the primary outcome of
the time of the first analgesic request (TFR). It was induced
with 1-2mg/kg of propofol, 1-2 ug/kg of fentanyl, and
0.5mg/kg of atracurium. All patients were mechanically
ventilated via an endotracheal tube. Anesthesia was con-
tinued using oxygen and isoflurane 1-2%. In necessary,
10 mg of atracurium was used every 30 min. If heart rate or
mean arterial pressure was increased by >20%, 0.5 ug/kg of
fentanyl boluses was repeated. To address postoperative
nausea and vomiting, 4mg of IV ondansetron was ad-
ministered. Nerve blocks were applied following the ran-
domization scheme. The skin was disinfected, and the
adductor canal was located via ultrasound. The transducer
was placed anteromedially, nearly at the mid-thigh level,
and a sterilized high-frequency linear probe 5Y 12 MHz
was used (Phillips HD11, Amsterdam, the Netherlands).
For cases where the femoral artery was not obvious, color
Doppler scanning was used. After identifying the femoral
artery, the probe was moved distally to track the artery to
the adductor hiatus to become the popliteal artery. The
block needle (Stimuplex; Braun Medical, Bethlehem, PA)
was administered in the plane of a lateral-to-medial ori-
entation, then advanced toward the femoral artery. After
observing the needle tip at the anterior aspect of the artery,
local anesthetic (1 to 2mL) was administered. Needle
repositioning was considered in cases when local anes-
thetics failed. [27] Next, we moved distally with the artery
in the adductor canal in order to enter the adductor hiatus,
where PPB was given above the artery. [28] Both blocks
were performed using bupivacaine 0.5% (1 mg/
kg) + epinephrine (0.05mg). Following ACLR, the VAS
score, need for opioid analgesia and sedation level were
measured every 4 h for 24 h. For cases with VAS > 4, rescue
analgesia was performed (as morphine per a titration
protocol of 3 mg morphine sulfate IV as a bolus dose). If
necessary, the injection was repeated every 5minutes
(15mg) for 4h or 45mg per 24 h. The morphine titration
protocol was suspended with oxygen saturation <95%,
respiratory rate <10/min, the development of sedation
(Ramsay sedation scale >2), acute adverse effects (e.g.,
allergy, marked itching, unusual vomiting, and hypoten-
sion with systolic blood pressure <20% of baseline values),
or reaching a sufficient level of analgesia.

The primary outcome was the TFR, and the secondary
outcomes were cumulative opioid consumption, interval in
between doses within 24 h after surgery, number of patients
requiring postoperative analgesia, and analgesia quality
(according to the VAS), which were evaluated every 4 h for
24h. For all patients, adverse effects such as vomiting,
pruritus, and excessive sedation were documented. Sedation
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FIGURE 1: CONSORT flow diagram.

was assessed every 4h using Ramsay’s score, which ranges
from 1 (“awake”) to 5 (“aroused only by shaking”). Over-
sedation was considered as a sedation score higher than 4
and a respiratory rate <8 breaths in a minute, and these
patients were admitted to the intensive care unit for
monitoring. Patients were given 0.15 mg/kg ondansetron for
vomiting [29]. At 24 h after surgery, we measured partici-
pants’ satisfaction with analgesia using a four-point Likert
scale, ranging from 0 (“poor”) to 3 (“excellent”).

2.1. Sample Size Calculation. G power version 3 software was
applied to estimate the sample size. The minimal sample size
was determined to be 52, with 26 subjects in each group, with
a statistical power of 0.80 and alpha level of 0.05. This sample
size was sufficient to compare the time for analgesic requests
following the intervention between the study groups. The
sample size was increased by 15% to account for potential
attrition bias.

2.2. Statistical Analyses. Descriptive statistics are presented
as mean (SD) for normally distributed numeric variables,
median (interquartile range (IQR)) for nonnormally
distributed numeric variables, or frequencies and per-
centages for categorical variables. Group comparisons
were carried out with independent sample ¢-tests for
normally distributed numeric variables and Man-
n-Whitney U tests for nonnormally distributed numeric
variables or ordinal variables. Chi-square and Fisher exact
tests were used for categorical variables. SPSS statistics
software (version 26; IBM Corp., Armonk, NY) was used
for the analyses, and p <0.05 was considered statistically
significant.

3. Results

Seventy patients scheduled for ACLR were admitted to the
Orthopedic Department of Fayoum University Hospital
between January 2019 and January 2021. Six patients rejected
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TaBLE 1: Comparison of age, BMI, gender, ASA status, morphine consumption, and TFR between groups.
Variable ACB only ACB and PPB p value
Age® Mean (SD) 24.1 (2) 24.2 (2.8) 0.823
BMI® Mean (SD) 212 (2.3) 212 (2.1) 0.953
Morphine consumption (m, ® Median (IQR) 30.0 (14) 12 (4) <0.001
Number of requested doses Median (IQR) 7.0 (3) 3.0 (1) <0.001
TFR® Median (IQR) 0.5 (3.5) 8 (12) <0.001
*Comparison with independent sample t-tests. "Comparison with Mann-Whitney U tests.
TaBLE 2: Comparison of opioid dose intervals between groups®.
ACB only ACB and PPB
. ) p value
n Median (IQR) n Median (IQR)
Ist dose interval in hours 30 4 (4) 26 8 (0) <0.001
2nd dose interval in hours 30 4 (4) 20 8 (0) <0.001
3rd dose interval in hours 30 4 (0) 6 4 (0) >0.999
4th dose interval in hours 22 4 (0) 0
5th dose interval in hours 22 4 (0) 0
6th dose interval in hours 22 4 (0) 0
*Comparison with Mann-Whitney U tests.
TaBLE 3: Comparison of the postoperative pain scores between groups”.
Postoperative Post
P Postoperative  Postoperative  operative  Postoperative = Postoperative ~ Postoperative
VAS score pain score . . . . . .
30 min pain score 4h pain score 8h pain score pain score 16h pain score 20h pain score 24h
12h
Postoperative
pain score
30 min
qutoperatlve 0.383
pain score 4h
Postoperative
ACB  pain score 8h »0.999 >0.999
only - Postoperative 0.233 >0.999 >0.999
group pain score 12h
Postoperative =, gqq >0.999 >0.999 >0.999
pain score 16 h
Postoperative 0.012 >0.999 0.126 >0.999 >0.999
pain score 20 h
Postoperative 0.012 >0.999 0.126 >0.999 >0.999 >0.999
pain score 24 h
Postoperative
pain score
30 min
qutoperatlve 0.021
pain score 4 h
Postoperative
ACB  pain score 8h >0.999 >0.999
and Postoperative
PPB  pain score 12h 0.126 >0.999 >0.999
Postoperative 0.029 >0.999 >0.999 >0.999
pain score 16 h
Postoperative <0.001 >0.999 0.137 >0.999 >0.999
pain score 20 h
Postoperative 0.001 >0.999 0.300 >0.999 >0.999 >0.999

pain score 24 h

“Friedman’s test was used as a repeated measures test to study if there is a change in the VAS score at different time points.
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Post-operative median VAS score
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Figure 2: Comparison of postoperative pain scores between
groups.
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Number of patients
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Cases of nausea and vomiting
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B ACBand PPB

FiGure 3: Comparison of postoperative nausea and vomiting.

the regional anesthesia method, and the remaining 64 were
randomly divided into two groups. Two cases in the ACB
only and two in the combined ACB and PPB group were
removed due to failed insertion. The study design and final
patient cohort are shown in Figure 1. The mean patient age
was 24.17 +2.28, and the mean BMI was 21.22 +2.18 (both
p>0.05, Table 1). The TFR, morphine consumption, and
number of requested doses were compared. All three vari-
ables were significantly different between the study groups
(Table 1). TFR was later for the combined ACB and PPB
group (median 8h) compared to the ACB only group
(median 0.5 h) (Table 1). Morphine consumption was lower
for the combined ACB and PPB group (median 12 mg)
compared to the adductor canal block only (median 30 mg)
(Table 1). The number of requested doses was significantly
lower for the combined block group (median 3 doses)
compared to the ACB only group (median 7 doses)
(p<0.001) (Table 1). The interval time between analgesic
doses was longer in the combined block group compared to
the ACB only group (p < 0.001) (Table 2). Comparison of the
postoperative VAS scores revealed that at each time point

Bar Chart
25

20
15

10

i

poor fair good

Number of patients

excellent

Patient satisfaction level

Group
m ACB only
m ACBand PPB

FicURrke 4: Comparison of postoperative patient satisfaction level.

TasLE 4: Comparison of Ramsay sedation scores between groups®.

Ramsey sedation score (h) Status ACB only ACB and PPB

4 Awake :/:) 0.35(())8 031992
8 Awake OZ) 0.35(())8 o.is;z
12 Awake 02 0.35(())8 0.31992
16 Awake 02 0.35(())8 031992
20 Awake ;/10 0.35(())8 031992
24 Awake :/Z 0.35(())8 0.%1992

“Statistical comparison of Ramsay sedation scores between the two groups
was not possible as they did not change over time.

from 30 min to 24 h post-ACLR, the median score was lower
for the combined block compared to the ACB only
(p<0.001) (Table 3, Figure 2). Nausea and vomiting were
more common in the ACB only group; only nine cases
accounting for 30% of patients had nausea or vomiting
compared to none in the combined group, presumably due
to higher opioid consumption (Figure 3). Patient satisfaction
with analgesia was significantly different between the two
groups. All patients in the combined group gave ratings of
good or excellent, while no patients in the ACB only group
reported excellent satisfaction and only eight cases ac-
counting for 26.7% had good satisfaction (Figure 4). Sta-
tistical comparison of the Ramsay sedation scores between
groups was not possible, as they did not change (Table 4). No
cases of pruritus were observed in either group. As regard,
ASA classification in both groups was ASA I in both groups.
In regard to gender, in the ACB group, there were was 25
male patients (83%) and 26 male patients in the PPB group
(86.6%) with p value=0.730, which was nonsignificant.



Surgical time, anesthesia time, and tourniquet time ranged
between one and half hours to two hours which was
nonsignificant.

4, Discussion

The impacted region confirmed in cadaveric studies showed
that dye injected in the distal area of the adductor canal
stained the tibial genicular nerves, postobturator nerve, and
popliteal vessels [28, 30, 31]. Gautier and colleagues used the
same technique to inject 20mL of a solution containing
18 mL of 1% mepivacaine and 2 mL of radio-opaque contrast
medium into healthy volunteers prior to computed to-
mography scans. They reported staining of the popliteal
vessels and branches of the sciatic nerves with a minimal
effect on the ankle muscles [31].

In their feasibility study, Runge and colleagues used the
same approach to evaluate the analgesic impact of adding a
PPB to a femoral triangle block (FTB) [32]. They performed
unilateral total knee replacement (TKA) in 17 patients with
spinal anesthesia using an FTB and evaluated cutaneous
sensation and postsurgery pain. The ratio of cases with a
numeric rating scale (NRS) score >3 (followed by a decline
to <3 after PPB) was defined as the primary outcome. PPB
was also administered for 10 (out of 17) cases with a median
NRS score of 5.5 (IQR 4-8) following unilateral TKA. For all
cases, the NRS was declined to <3 (NRS 1.5 (IQR 0-3))
within a mean time of 8.5 (95% confidence interval 6.8-10.2)
minutes. Interestingly, three cases had no pain after re-
ceiving PPB. They concluded that PPB was effective in
controlling posterior and deep genicular pain after TKA, but
the validity of their results was limited by lack of a control
group, blinding, and randomization.

Our results are consistent with those of Thobhani and
colleagues who used a different approach of local anesthetic
infiltration between the popliteal artery and knee capsule
(iPACK block) in patients undergoing TKA. They compared
a femoral and adductor canal block versus femoral nerve
block only. The combined adductor and iPACK block were
better than femoral only in terms of adequate control of
postoperative pain, especially posterior and deep knee pain.
This combination was better than femoral block only in
terms of postoperative muscle weakness and length of
hospital stay [33]. Similar results were reported by Sanki-
neani and colleagues who concluded that ACB +iPACK is a
novel method for improving postoperative analgesia without
influencing knee joint motor function, which translated into
improved movement compared to ACB alone [34].

The limited efficacy of ACB only in our study was
consistent with the results of a meta-analysis by Sehmbi and
colleagues [11]. A comparison of ACB to placebo (2 RCTs,
110 cases) revealed that ACB did not increase analgesia
following ACLR [4, 19-35]. Nevertheless, a comparison of
FNB and ACB (3 RCTs, 308 patients) suggested a potential
impact of FNB [13, 36, 37]. It is worth noting that this
finding was not confirmed by Mall and Wright [38]. Overall,
the low analgesic impact of nerve blocks in ACLR can be
attributed to inefficient pain management at graft sites and/
or a lack of additional pain relief with multimodal analgesia
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(MMA) [11]. Ramlogan and colleagues support the routine
use of MMA in combination with local infiltration of an-
esthesia for postoperative analgesia in ACLR and reserve
ACB only for patients with opioid contraindications and
considering the type of the graft used [22].

Performing combined ACB and PPB with our technique
has the advantage that both blocks can be given without
changing patient position, saving time in an outpatient
setting. It is worth noting the area of pain in the ACB only
group moved from a predominantly posterior area to a
predominantly anterior or posterior area. However, pain in
the combined ACB and PPB group was mainly anterior,
reflecting the efficacy of the PPB. Unfortunately, the study
was not sufficiently powered to detect changes in the pain
site. The second limitation is that we could not evaluate the
success of the block as it was done after general anesthesia,
but the distribution of the injection was easily seen under
ultrasound, which helped us to reduce the incidence of side
effects and intravascular injections. The third limitation was
short follow-up time. Finally, we did not assess postoperative
motor function, as the policy in our institute is to splint
patients for 24h after ACLR. Ultimately, our results are
restricted to the study group, procedures, and clinical en-
vironments evaluated and cannot be extended to other knee
operations, local anesthetic amounts, or analgesic methods.

5. Conclusions

The addition of PPB to ACB significantly decreases pain and
the need for opioid-based drugs following ACLR with an
ipsilateral hamstring graft.

Abbreviations

abrACB: Adductor canal block

ACL: Anterior cruciate ligament

ACLR:  Anterior cruciate ligament reconstruction

FNB: Femoral nerve block

FTB: Femoral triangle block

iPACK: Inbetween popliteal artery and knee capsule block
MMA: Multimodal analgesia

PPB: Popliteal plexus block

TFR: Time of first analgesic requirement

TKA: Total knee arthroscopy.
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Objective. The current study aimed to explore the efficacy of Zero profile intervertebral fusion system (Zero-P) and traditional
anterior plate cage system (PC) in the treatment of cervical spondylotic myelopathy (CSM). Further, the present study evaluated
effects of the treatments on medical security, height of intervertebral disc, adjacent-level ossification development (ALOD), and
adjacent segmentation disease (ASD) through a systematic retrospective analysis. Methods. Studies on Zero-P system and
traditional anterior plate cage system for ACDF in the treatment of CSM were searched in PubMed, Web of Science, Ovid,
Embase, and Cochrane Library databases. Two independent researchers screened articles, extracted data, and evaluated the quality
of the articles based on the inclusion and exclusion criteria of the current study. RevMan5.3 software was used for meta-analysis
following the guidelines of Cochrane collaboration network. Cervical curvature, interbody fusion rate, preoperative and
postoperative disc height index (DHI), fusion cage sinking rate, postoperative dysphagia, ASD, ALOD, and loosening of screw
were compared between the two groups. Results. A total of 17 literatures were included in the present study, including 6
randomized controlled trials and 11 observational studies. The studies comprised a total of 1204 patients with CSM, including 605
patients in the Zero-P system group (Zero-P group) and 599 patients in the traditional animal plate cage group (PC group).
Results of this meta-analysis showed that postoperative dysphagia [OR=0.40, CI (0.28, 95% 0.58), P <0.00001], ALOD
[OR=0.09, CI (0.02, 95% 0.39), P=0.001], ASD [OR =0.42, CI (0.20, 95% 0.86), P =0.02], and screw loosening [OR =0.20, CI
(0.08, 95% 0.52), P=0.0009] of the Zero-P group were significantly lower compared with the PC group. On the other hand,
preoperative cervical curvature [WMD =-0.23, CI (-1.38, 95% 0.92), P =0.69], postoperative cervical curvature [WMD = -0.38,
CI(-1.77,95% 1.01), P = 0.59], cage sinking rate [OR = 1.41, CI [0.52, 95% 3.82], P = 0.50], intervertebral fusion rate [OR = 0.76, CI
(0.27, 95% 2.48), P=0.38], preoperative DHI [WMD =-0.04, CI (-0.14, 95% 0.22), P=0.65], and postoperative DHI
[WMD =0.06, CI (-0.22, 95% 0.34), P = 0.675] were not significantly different between the two groups. Conclusion. It was evident
that the Zero-P system used in ACDF is superior compared with the traditional anterior plate cage system in postoperative
dysphagia, avoiding ALOD, ASD, and screw loosening.

1. Introduction

Incidence of degenerative diseases is annually increasing due
to the increase in the number of elderly population.
Therefore, previous studies have also shown an increase in
the incidence of cervical spondylotic myelopathy (CSM)
which is a common cause of spinal cord dysfunction.
Currently, the onset of CSM occurs at an early age and the

condition is becoming more complicated. Several studies
have explored methods for effective alleviation of spinal cord
compression in patients with CSM and restoration of the
spinal cord function. When conservative methods are in-
effective or in the case of worsening symptoms, active
surgical treatment is recommended for patients with CSM to
release nerve compression for timely restoration of normal
spinal cord function [1, 2]. The commonly used cervical
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spine anterior approaches for surgical treatment of cervical
spine diseases are cervical spine posterior approach, com-
bined anterior, and posterior surgery as well as the various
minimally invasive techniques.

Anterior cervical surgery was first reported as a safe and
effective method for treatment of the degenerative cervical
spondylosis by Cloard, Smith, and Robinson in 1958. An-
terior cervical discectomy and fusion (ACDF) surgery is one
of the most advanced cervical spine surgery approaches
which play an important role in treatment of cervical disease
[3-5]. Anterior cervical discectomy and fusion (ACDEF) is
conventionally fixed with anterior interbody fusion cage and
steel plate. This fixing system has several advantages but is
also associated with potential disadvantages. The most
common shortcomings of these techniques include fracture
or loosening of plates and screws, tracheal-esophageal in-
terference and influence, and difficulties in postoperative
swallowing [6, 7].

Recent studies have explored a lower, more smoothly
contoured Zero-P system that reduces incidence of dys-
phagia after ACDF. Notably, the system can be fully
implanted in the intervertebral space, providing sufficient
stability and avoiding contact between the implant and the
prevertebral soft tissue [8, 9]. Therefore, the zero-notch
interbody fusion and internal fixation system is widely
used in ACDF to reduce occurrence of these
complications.

Currently, it is not clear whether the Zero-P system
significantly reduces the incidence of postoperative ALOD,
ASD, and screw loosening compared with the traditional
anterior plate cage system. Therefore, the aim of the current
meta-analysis was to summarize the available evidence from
high-quality relevant studies and explore the effects of using
Zero-P system as well as traditional anterior plate cage
system. The findings of this study can help in clinical de-
cision-making.

2. Materials and Methods

2.1. Search Strategy. English articles were retrieved for this
study from PubMed, Web of Science, Ovid, Embase, and
Cochrane Library databases. Literature search was car-
ried out based on the search terms determined by the
PICOS principle. The present study included English
articles about studies on the use of Zero-P and titanium
plate combined with cage for ACDF surgery from the
time of inception of the databases to December, 2020.
Clinical studies on efficacy of treatment degenerative
cervical spondylosis were selected using the following
keywords and phrases: “Zero-P,” “Zero Profile,” “anterior
cervical discectomy and fusion,” and “ACDF” as search
terms. The keywords were searched independently and all
synonyms as well as variants of the keywords were
searched by combining free words and subject words
concurrently. Free words and subject words of each
keyword were searched by the logical connection word
“OR,” and the logical connection word “AND.” The
search group segment was connected and the search
results were retrieved.
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2.2. Literature Screening and Data Extraction. Inclusion
criteria for the present study were as follows: (1) research
type: randomized controlled trial and observational study;
(2) research object: cervical spondylotic myelopathy; (3)
intervention measures: the experimental group represents
the Zero-P group, and the control group was the titanium
plate cage group (PC Group); (4) follow-up time: 12 months
or more; (5) comparative data: @ imaging parameters in-
cluding preoperative and postoperative follow-up cervical
spine curvature, degree of intervertebral fusion, and pre-
operative intervertebral height index (DHI); @ complica-
tions including postoperative dysphagia, cage sinking, and
adjacent segment ossification (ALOD); adjacent segment
disease (ASD); and screw migration (screw migration), and
the literature should have at least one outcome indicator.

Exclusion criteria for this study included the following:
@ only studies on Zero-P or titanium plate cage; @ reviews,
conference papers, abstracts, or unpublished documents; ®
incomplete data or documents with errors that may affect
results; @ repeated papers; ® research design for self-
comparison before and after or without a control group; ®
studies with trial design which is not rigorous or inappro-
priate statistical methods; @ other types of zero-notch
interbody fusion internal fixation systems, such as PREV-
ALIL; and ® follow-up time less than 12 months.

Titles and abstracts of the articles retrieved based on
inclusion and exclusion criteria were read. Articles that did
not meet the inclusion criteria were excluded after reading
the title and abstract. Full texts of the documents that met the
inclusion criteria were then read to further explore whether
they met the inclusion criteria. The original author was
contacted whenever the original data was found to be un-
clear. Two reviewers carried out independent data extraction
for articles that met the including criteria. The two reviewers
jointly developed a standard data extraction table and, after
data extraction, each reviewer cross-checked the data for
their partner. Any disagreement between the reviewers was
resolved by a third reviewer.

2.3. Methodological Quality Evaluation. Randomized con-
trols were compared from seven aspects including random
sequence generation, allocation hiding, double blinding of
participants and staff, blinding of result evaluation, data
completeness, selective outcome reports, and other sources
of bias following the evaluation criteria of the Cochrane
Evaluation Manual. The quality of included observational
studies was evaluated using Newcastle-Ottawa Scale (NOS).
Evaluation was independently conducted and cross-checked
by two researchers. However, any case of disagreement was
resolved through a third evaluator.

2.4. Statistical Analysis. Statistical analysis of the data ob-
tained in the present study was performed using Review
Manager 5.3 (RevMan5.3) software which was developed by
Cochrane collaboration network. Analysis of continuous
variables in the current study including cervical vertebra
Cobb angle, preoperative, and postoperative DHI was car-
ried out using weighted mean difference (WMD) at 95%
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confidence interval (95% CI). Odds ratio (OR) and 95% CI
were used for analysis of association between the continuous
variables of the current study and adjacent segmental os-
sification rate, adjacent segmental disease incidence, dys-
phagia incidence, interbody fusion rate, fusion cage sinking
rate, and screw loosening rate. Statistically significant dif-
ference was set at P <0.05.

Chi-square and I* tests were used to evaluate the het-
erogeneity of the included studies. A P>0.1 for the chi-
square test and I < 50% implied that the heterogeneity was
low. Fixed effect model was used for determining the
combined effect. When the heterogeneity was high, indi-
vidual studies were singly eliminated for sensitivity analysis
to find the source of heterogeneity. Funnel charts were
generated to determine the publication bias for studies
comprising more than ten articles (Figure 1).

3. Results

3.1.Search Results. A total of 536 studies were obtained from
the databases following an independent search conducted by
two scholars. The search was conducted according to the
predesigned retrieval strategy. A total of 480 articles were
obtained after eliminating cross-documents and repeated
published documents. Among the 480 articles, a total of 72
articles were obtained after excluding documents that did
not meet the inclusion criteria. A total of 55 abstracts and full
papers were then excluded based on the inclusion and ex-
clusion criteria. Finally, it was found that 17 studies met the
inclusion criteria and were hence included in the current
study (Figure 2 and Table 1).

3.2. Quality Evaluation. Six of the 17 original studies in-
cluded in the present study [10-15] were randomized
controlled trials whereas 11 studies were observational
studies [16-26]. Randomized controlled studies were eval-
uated based on the evaluation criteria of the Cochrane
evaluation manual including 7 items (Figure 3). Newcastle-
Ottawa Scale was used to evaluate the quality of observa-
tional studies. Further, 9, 6, and 2 studies were allocated 7, 8,
and 9 stars, respectively, implying that the studies were of
high quality (Figure 3 and Table 2).

3.3. Meta-Analysis

3.3.1. Imaging Parameters

(1) Cervical Curvature. It was found that a total of 5 studies
including 1 randomized controlled trial and 4 non-
randomized retrospective studies [15, 17, 22, 25, 26] re-
ported C2-C7 cervical spine curvature before and after
surgery (Table 3).

A total of 321 patients were included based on preop-
erative cervical curvature as the evaluation index. Out of the
321 patients, 150 of them were in the Zero-P group whereas
171 patients were in the PC group. All the studies passed the
heterogeneity test (P=0.72, I?*=0% for each). Analysis re-
sults of this study showed that there was no heterogeneity

between the original studies. In addition, the fixed effects
model was used for analysis of combined effect size of the
preoperative C2-C7 cervical spine curvature between the
two groups (WMD =-0.23, 95% CI [-1.38, 0.92], P=0.69).
The finding of this study showed that the difference was not
statistically significant (Figure 4).

A total of 321 patients were included in the present study,
out of which 150 patients were in the Zero-P group whereas
171 patients were in the PC group for evaluation based on
postoperative cervical curvature. Moreover, the studies
passed the heterogeneity test (P = 0.85, I’ = 0%; each). These
findings evidently show that there was no heterogeneity
between the original studies. The fixed effect model was used
for analysis of combined effect size of C2-C7 cervical spine
curvature and the findings showed that there was no sig-
nificant difference between the two groups (WMD =-0.38,
95% CI[-1.77, 1.01], P =0.59, Figure 4).

(2) Intervertebral Fusion Rate. A total of 6 original studies
including 2 randomized controlled trials and 4 non-
randomized retrospective studies [13, 14, 17, 18, 22, 25]
reported fusion rate and provided valid data. A total of 383
patients were included in these studies, including 184 and
199 patients in the Zero-P group and PC groups,
respectively.

Results of heterogeneity analysis showed that there was
no heterogeneity between the original studies (P=0.97,
I?=0%). Further, the analysis of combined effect size using
fixed-effects model showed that the difference between the
two groups was not statistically significant (OR =0.76, 95%
CI [0.27, 2.48], P=0.38, Figure 5).

(3) Disc Height Index (DHI). It was found that a total of 5
original studies [18-20, 22, 25] reported the intervertebral
height index and provided valid data. All the 5 studies were
nonrandomized retrospective studies. A total of 380 cases
including 181 and 199 in the Zero-P group and PC groups,
respectively, were included based on preoperative inter-
vertebral height index. The results of heterogeneity analysis
showed no heterogeneity between the original studies
(P=0.66, I’=0%). Further, the analysis of the combined
effect size using fixed-effect model showed no statistically
significant difference in preoperative intervertebral height
index between the two groups (WMD =-0.04, 95% CI
[-0.14, 0.22], P =0.65; Figure 6).

A total of 380 cases including 181 and 199 in the Zero-P
group and PC groups, respectively, were selected based on
the postoperative intervertebral height index. Results of
heterogeneity analysis in the current study showed a high
heterogeneity between the original studies (P=0.03,
> =63%). Analysis of the combined effect using the random
effects model showed no significant difference in interver-
tebral height index between the two groups (WMD =0.06,
95% CI [-0.22, 0.34], P=0.675; Figure 7(a)). Sensitivity
analysis was carried out by eliminating individual studies
one by one.

Removal of a study by Liu (2016) significantly decreased
heterogeneity (P =0.21, I =33%). Further, the results of the
analysis of the combined effect using the fixed effects model
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FIGURE 1: (a) Preoperative cervical curvature funnel diagram; (b) postoperative cervical curvature funnel diagram; (c) funnel diagram for
interbody fusion rate; (d) preoperative DHI funnel diagram; (e) postoperative DHI funnel diagram; (f) postoperative dysphagia funnel
diagram; (g) ALOD funnel diagram; (h) ASD funnel diagram; (i) postoperative sinking rate funnel diagram of fusion cage; (j) screw

loosening funnel diagram (IV) evaluation of publication bias.

showed that the difference between the two groups was not
statistically significant (WMD =-0.08, 95% CI [-0.26, 0.10],
P =0.38, Figure 7(b)).

3.3.2. Postoperative Complications
(1) Dysphagia. It was found that a total of 13 original studies

[10-16, 18, 20, 22, 23, 25, 26] reported dysphagia and
provided valid data. Out of the 13 studies, 6 of them were

randomized controlled trials whereas 7 were non-
randomized retrospective studies.

A total of 904 cases were included including 458 and 446
patients in the Zero-P group and PC groups, respectively,
based on incidence of postoperative dysphagia as the
evaluation criteria. Results of heterogeneity analysis showed
no heterogeneity between the original studies (P=0.62,
I’=0%). On the other hand, the results of analysis of
combined effect using the fixed-effect model showed a

significant difference between the two groups (OR=0.40,
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95% CI [0.28, 0.58], P < 0.00001). The incidence of dysphagia
in the Zero-P group (13.97%) was significantly lower
compared with that in the PC group (26.01%; Figure 8).

(2) Adjacent-Level Ossification Development (ALOD). A total
of 2 original studies, including 1 randomized controlled trial
and 1 nonrandomized retrospective study [10, 24], reported
ALOD findings and provided valid data. Further, a total of
133 cases were included, including 63 and 70 patients in the
Zero-P group and PC groups, respectively. Heterogeneity was
analyzed and the result showed no heterogeneity between the
original studies (P=0.57, I’=0%). Analysis results of the
combined effect using fixed-effects model showed that the
incidence of ALOD in the Zero-P group (3.17%) was sig-
nificantly lower compared with that in the PC group (27.14%)
(OR=0.09, 95% CI [0.02, 0.39], P =0.001; Figure 9).

(3) Adjacent Segment Disease (ASD). It was found that a total
of 6 original studies including 2 randomized controlled trials
and 4 nonrandomized retrospective studies
[12,13,18,19, 21, 22] reported ASD and provided valid data.
A total of 440 cases were included in the present meta-
analysis, including 219 and 221 patients in the Zero-P group
and pc groups, respectively. Results of the heterogeneity
analysis showed insignificant heterogeneity between the
original studies (P =0.20, I = 32%). Analysis results for the
combined effect using the fixed-effect model showed that the
incidence of ASD in the Zero-P Group (4.57%) was sig-
nificantly lower compared with that in the PC group
(11.31%) (OR =0.42, 95% CI [0.20, 0.86], P = 0.02; Figure 10)

(4) Sinking Rate of the Cage. A total of 4 original studies
[18, 20, 22, 25] reported the sinking rate of the cage and
provided valid data. All the 4 studies were nonrandomized
retrospective studies. Notably, a total of 448 cases were based
on postoperative fusion cage sinking rate including 221 and
227 patients in the Zero-P and PC groups respectively.
Results of heterogeneity analysis showed a high heteroge-
neity among the original studies (P=0.09, I’ =51%). The
results of the combined effect analysis using the random
effects model showed that the difference between the two
groups was not statistically significant from each other
(OR=1.41, 95% CI [0.52, 3.82], P=0.50; Figure 11(a)).

Sensitivity analysis was carried out by eliminating in-
dividual studies one by one. It was found that the removal of
a study by Sun (2020) significantly reduced the heterogeneity
(P=0.78, I* = 0%). It was also found that the combined effect
analysis using the fixed effects model showed no statistical
difference between the two groups (OR =1.10, 95% CI [0.59,
2.03], P=0.77; Figure 11(b)).

(5) Screw Loosening. Results of the present study show that a
total of 3 original studies [18, 19, 21] had screw loosening
and provided valid data. Further, all the 3 studies were
nonrandomized retrospective studies.

A total of 326 patients were included based on post-
operative screw loosening, including 164 of them in the
Zero-P group and 162 patients in the PC group. Hetero-
geneity analysis showed low heterogeneity between the
original studies (P = 0.25, I = 28%). The results of combined
effect analysis of the fixed-effect model showed significant
difference between the two groups (OR =0.20, 95% CI [0.08,
0.52], P =0.0009). Incidence of screw loosening in the Zero-
P group (3.66%) was significantly lower compared with that
in the PC group (15.43%) (Figure 12).

4. Discussion

Anterior cervical discectomy and bone graft fusion (ACDF) is a
safe and an effective surgical method for the treatment of
degenerative cervical spine diseases [27]. Anterior titanium
plate cage is used in ACDF and has become a conventional
surgical method for treatment of degenerative cervical spon-
dylosis [28]. It significantly restores the height of intervertebral
disc of spine, ensures high bone graft fusion rate, preserves
segmental lordosis, and has strong corner ability [28-30].
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TaBLE 1: Quality evaluation of RCT.

Firgt alglhor Sureical Sas?;g le G(i/? /ie)r Age (x*s, years) Follow-up time (x+s)
?;ea:g ¢ or Country Type of study s:grlil e(::gt 7 7

ero- ero-
publication) P PC P PC Zero-P PC Zero-P PC
[Lllzit al- Q019 china Cfﬁg‘iﬁgﬁ?ﬂ 1 12 11 7/5 5/6 503+88 5L1+67 2 2%
ﬁ‘;]et al- 2018)  ping Cf;;gﬁ‘ergzt‘fal 2 52 52 28/24 2275/ 5544124 59.5+12.6 24 24
Yan and Nie . Randomized 29/
(2018) [15] China controlled trial 1 49 49 29/20 20 43.1+5.3 43.3+52 12 12
Chen et al. . Randomized 25/
(2016) [10] China controlled trial 3 34 38 21/13 13 56.9+5.9 56.2+5.7 12 12
Qizhi et al. . Randomized
(2016) [13] China controlled trial 2 16 14 11/5 9/5 4813+598 46.79+5.15 32.4 32.4
Scholz et al. Randomized 11/
(2020) [14] Germany controlled trial 1 21 20 13/8 9 58 58 24 24
Alimi et al. United Nonrandomized 18/
(2016) [16] States  retrospective study 1,2,3 69 35 35/34 17 582+145 51.5+195 157+123 14.8+2.13
Lietal Q017) oy, Nonrandomized 0yt og 410 45 506475 513479 297465 308466
[18] retrospective study 25
Liuetal. (2016) (., Nonrandomized =, ", 28 32 1018 2 566497 575495 233469 242+64
[19] retrospective study 20
Cho et al. Nonrandomized 19/
(2015) [17] Korea retrospective study‘ 1 21 29 12/9 10 56.1 +12 55.2+10.4 24 24
Shietal. (2016)  (p;,,  Nonrandomized 1 68 60 3335 Y 474470 465468 48 48
[21] retrospective study 36
Sun et al. . Nonrandomized 25/
(2020) [22] China retrospective study 3 27 34 15/12 9 547+7.6 56.4+7.5 60 60
Wang et al. . Nonrandomized 14/
(2014) [23] China retrospective study 1,2 30 33 18/12 19 56.8+11.0 54.0+10.0 24.1+7.8 23.8+8.2
Yang et al. . Nonrandomized 22/
(2015) [24] China retrospective study 1,2,3 30 32 20/10 10 441 +5.8 42.8+6.1 30.6+24 33.1+3.0
Shen et al. . Nonrandomized 14/
(2018) [20] China retrospective Study 1,2,3 27 31 16/11 17 52.3+9.2 54.7+9.2 3724228 46.8+21.6
Yun et al. Nonrandomized 22/
(2016) [25] Korea retrospective study 3 31 32 29/3 9 53.29+7.55 54.18+9.87 12.77+7.85 13.62+9.21
Zhang et al. . Nonrandomized 13/
(2016) [26] China retrospective Study 1,2 22 27 11/12 14 48.6 + 8.1 52.7+8.3 24 24

However, the titanium plate is associated with several limi-
tations, such as screw loosening, titanium plate displacement,
soft tissue injury, adjacent segment disease, adjacent segment
ossification, and increased incidence of dysphagia [8, 31, 32].

Therefore, Zero-P interbody fusion cage was developed
to circumvent limitations of the titanium plate. It is a cervical
fusion system that can be independently used in single-
segment or multisegment anterior degenerative cervical
spondylosis [33]. Several previous studies have reported that
Zero-P interbody fusion cage significantly limits the po-
tential risks of dysphagia after fixed surgery of cervical
vertebrae, which is in agreement with the findings of the
current study [34]. However, there has been no systematic
review and analysis conducted to compare the effects of the
two techniques on cervical spine curvature, intervertebral
height, ALOD, and ASD.

4.1. Zero-P Significantly Reduces Incidence of Long-Term ASD
Compared with Traditional Anterior Steel Plates. Anterior
cervical discectomy and fusion method is associated with

high incidence of ASD. In addition, the traditional fixation
methods cause ASD, which may eventually require addi-
tional treatment [35-37]. The exact pathophysiological
mechanism of ASD has not been fully explored [35-41]. It
may be derived from the existing lesions in adjacent seg-
ments and changes in biomechanical forces near the pre-
vious fusion site and this may increase the risk of
degenerative changes [42]. Previous studies have shown that
the biomechanical changes of adjacent vertebral bodies after
spinal fusion are the major causes of ASD.

Cunningham et al. [43] used a specially designed
pressure needle transducer to quantify the intradiscal
pressure changes at the level of 3 adjacent intervertebral
discs in 11 patients. The findings of that study showed that
the proximal disc pressure increased by 45% in case of
instability and internal fixation of the fusion zone. It was also
found that the presence of steel plates may increase risk of
degenerative changes in adjacent segments. Several previous
studies have also reported the range of motion and intra-
discal pressure increase in untreated segments adjacent to
the fused segment [37, 40, 41, 44, 45]. According to
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FIGURE 3: Literature quality evaluation chart of RCT.
TaBLE 2: Newcastle-Ottawa Scale evaluation of observational studies.
Methodological quality assessment for inclusion in observational studies (score)
Study population selection . Measurement of exposure factors
Intergroup comparison (2 Total
Research A1 B (1 ca D (1 points) E(Q F (1 G (g points)
point) point) point) point) point) point) point)
Alimi, 2016 1 1 1 0 2 1 1 0 7
Li, 2017 1 1 1 0 2 0 1 0 6
Liu, 2016 1 1 1 0 2 1 1 0 7
Cho, 2015 1 1 1 1 2 1 1 1 9
Shi, 2016 1 1 1 1 2 0 1 0 7
Sun, 2020 1 1 1 1 2 1 1 0 8
Wang,
2014 1 1 1 1 2 1 1 0 8
Yang, 2015 1 1 1 0 2 0 1 0 6
Yong, 2018 1 1 1 0 2 1 1 1 8
Yun, 2016 1 1 1 0 2 0 1 0 6
Zhang,
2016 1 1 1 1 2 1 0 0 7

A, case determination being appropriate; B, case representation; C, selection of control; D, determination of control; E, determination of exposure factors; F,
determination of case and control exposure factors being the same; G, response rate.

Hilibrand and Robbins [44] approximately 25% of patients
who used traditional steel plates for single-segment ACDF
treatment developed ASD within 10 years.

Previous studies on the effect of Zero-P internal fixation
system in reducing occurrence of long-term ASD reported
inconsistent findings. A study conducted on 71 patients by
Chen et al. [46] reported that there was no significant dif-
ference in incidence of degenerative diseases in the adjacent

segments after treatment with Zero-P and plate cage. In
addition, in a separate study, a total of 79 patients with
cervical spondylopathy were also treated with anterior
cervical fusion and internal fixation. Out of the 79 patients,
41 of them were in the Zero-P group whereas 38 patients
were in the steel cage internal fixation group. Incidence of
ASD in the two groups was 14.63 and 26.31%, respectively.
These findings show that the Zero-P device was more
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TABLE 3: Meta-analysis results of included studies.
Number of Sample size Results Het " Statistical
Research proiects umber o eterogeneity atistica
pro) studies Total Zero- PC P-value OR/  CI 95 per P-values (%) methodology
P WMD cent
Cervical . —1.38,
Preoperative 5 321 150 171 0.69 -0.23 0.72 (0%) WMD (IV, fixed)
curvature 0.92
Postoperative 5 321 150 171 0.59 —-0.38 _11'0717’ 0.85(0%) WMD (1V, fixed)
Intervertebral fusion rate 6 383 184 199  0.38 0.76  0.27, 2.48 0.97(0%) OR (M-H, fixed)
DHI Preoperative 5 380 181 199  0.65 -0.04 _(;)'21;’ 0.66(0%) WMD (IV, fixed)
. -0.22, o WMD (IV,
Postoperative 5 380 181 199 0.675 0.06 034 0.03(63%) random)
Dysphagia 13 904 458 446 <0.00001 0.40 0.28, 0.58 0.62(0%) OR (M-H, fixed)
ALOD 2 133 63 70 0.001 0.09 0.02, 0.39 0.57(0%) OR (M-H, fixed)
ASD 6 440 219 221  0.02 0.42  0.20, 0.86 0.20(32%) OR (M-H, fixed)
Sinking rate of the cage 5 448 221 227 050 141 0.52, 3.82 0.09(51%) OR (M-H,
random)
Screw loosening 3 326 164 162 0.0009 0.20 0.08, 0.52 0.25(28%) OR (M-H, fixed)
Experimental Control Weight Mean Difference Mean Difference
Study or Subgroup o . .
Mean SD Total Mean SD Total (%) IV, Fixed, 95% CI 1V, Fixed, 95% CI
1.2.1 preoperative cervical curvature
bin2018 86 53 49 8.7 52 49 18.1  -0.10[-2.18,1.98] .
cho2015 8.85 105 21 112 113 29 2.1 -2.35 [-8.44, 3.74]
sun2020 11.31 6.86 27 10.16 7.26 34 6.2 1.15[-2.41,4.71] ]
yun2016 10.56 8.47 31 89 9.65 32 3.9 1.66 [-2.82, 6.14]
Zhang2016 94 23 22 10.1 3.5 27 29.3  -0.70 [-2.33,0.93] =
Subtotal (95% CI) 150 171 596 -0.23[-1.38 0.92] >
Heterogeneity: Chi? = 2.06, df = 4 (P = 0.72); > = 0%
Test for overall effect: Z = 0.39 (P = 0.69)
1.2.2 postoperative cervical curvature
bin2018 153 8.7 49 146 6.5 49 8.5 0.70 [-2.34, 3.74] -
cho2015 12 9.1 21 122 9.1 29 3.0 -0.20[-5.31,4.91]
sun2020 19.9 485 27 20.74 472 34 13.3  -0.84 [-3.26, 1.58] - 1
yun2016 14.8 838 31 1391 873 32 4.4 0.89 [-3.34, 5.12]
zhang2016 141 45 22 153 49 27 11.2 -1.20 [-3.84, 1.44] - 1
Subtotal (95% CI) 150 171 404 -0.38[-1.77,1.01] -
Heterogeneity: Chi*=1.35,df =4 (P =0.85); I = 0%
Test for overall effect: Z = 0.54 (P = 0.59)
Total (95% CI) 300 342 100.0 -0.29[-1.18, 0.59] ﬁ

Heterogeneity: Chi? = 3.44, df = 9 (P = 0.94); > = 0%
Test for overall effect: Z = 0.65 (P = 0.52)
Test for subgroup differences: Chi® = 0.03, df = 1 (P = 0.87), I* = 0%

-4 -2
Favours [experimental]

2
Favours [control]

F1GURE 4: Cervical curvature before and after surgery.

effective in reducing degeneration of adjacent segments after
degenerative cervical disease compared with the plate cage
internal fixation system. However, it was found that the
difference between the two groups was not statistically
significant. It is, hence, not clear whether the use of Zero-P
system treatment reduces incidence of postoperative ASD.

In the current study, the total number of patients with
cervical spondylopathy included was 440, with 219 and 221 of

them in the Zero-P and PC groups, respectively. The findings
of this study showed that the incidence of ASD in the Zero-P
group (4.57%) was significantly lower compared with that in
the PC group (11.31%). Higher efficacy may be because Zero-P
fixes the intervertebral disc space away from the adjacent
segment, thus reducing the impact on the biomechanics of the
adjacent segment. Therefore, it is evident that Zero-P mini-
mizes the risk of degeneration of adjacent intervertebral discs.



Pain Research and Management

Experimental Control Weight Odds Ratio Odds Ratio
Study or Subgroup o ) )

Events Total Events Total (%)  M-H, Fixed, 95% CI M-H, Fixed, 95% CI
cho2015 13 21 18 29 244 0.99 [0.31, 3.16] —
12017 62 68 65 70 23.9 0.79 [0.23, 2.74] — s
Qizhi2016 15 16 14 14 5.7 0.36 [0.01, 9.47]

Scholz2020 19 21 19 20 7.8 0.50 [0.04, 5.99]

sun2020 25 27 33 34 9.2 0.38 [0.03, 4.42]

yun2016 2 31 24 32 290 0.81[0.27, 2.48] — .
Total (95% CI) 184 199 100.0 0.76 [0.41, 1.40] -
Total events 156 173

Heterogeneity: Chi® = 0.85, df = 5 (P = 0.97); I* = 0%
Test for overall effect: Z = 0.87 (P = 0.38)

0.05 0.1
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FiGure 5: Intervertebral fusion rate.

Experimental Control Weight Mean Difference Mean Difference
Study or Subgroup N .
Mean SD Total Mean SD Total (%) IV, Fixed, 95% CI 1V, Fixed, 95% CI
1i2017 6.13 1.75 68 6.06 158 70 10.4  0.07 [-0.49, 0.63] :
liu2016 46 0.7 28 45 06 32 29.1 0.10 [-0.23, 0.43]
sun2020 546 0.66 27 528 0.65 34 29.3  0.18 [-0.15,0.51] =
yong2018 5 0.7 27 52 0.8 31 21.6  -0.20 [-0.59,0.19] 1
yun2016 453 1.14 31 458 1.19 32 9.7 -0.05 [-0.63, 0.53] b
Total (95% CI) 181 199 100.0 0.04[-0.14, 0.22]
Heterogeneity: Chi? = 2.40, df = 4 (P = 0.66); I> = 0% T T ' T T
-1 -0.5 0 0.5 1

Test for overall effect: Z = 0.45 (P = 0.65)

Favours [experimental]  Favours [control]

F1GURE 6: Preoperative DHI.

Experimental Control Weight ~ Mean Difference Mean Difference

Study or Subgroup

Mean SD Total Mean SD Total (%) 1V, Random, 95% CI 1V, Random, 95% CI
1i2017 6.85 0.85 68 711 1.04 70 23.1 -0.26 [-0.58, 0.06] 7
liu2016 6.5 0.9 28 6 0.7 32 19.3 0.50 [0.09, 0.91] -
sun2020 6.96 055 27 7.04 057 34 24.6 -0.08 [-0.36, 0.20] e
yong2018 6.5 0.9 27 6.6 1 31 16.5 -0.10 [-0.59, 0.39] I
yun2016 7.66 1 31 729 098 32 16.5 0.37 [-0.12, 0.86] T
Total (95% CI) 181 199 100.0  0.06 [-0.22, 0.34] ?
Heterogeneity: Tau? = 0.06; Chi? = 10.89, df = 4 (P = 0.03); I? = 63% | o5 o 05 j

Test for overall effect: Z = 0.42 (P = 0.67)

Favours [experimental] Favours [control]

(a)

Study or Suberou Experimental Control Weight Mean Difference Mean Difference
YOTSIDBIOMP NMean  SD Total Mean SD Total (%) IV, Fixed, 95% CI IV, Fixed, 95% CI

1i2017 685 085 68 711 104 70 323 -0.26 [-0.58, 0.06] :

sun2020 696 0.55 27 7.04 057 34 40.6  -0.08 [-0.36, 0.20]

yong2018 65 09 27 6.6 1 31 13.5  -0.10 [-0.59, 0.39] T

yun2016 7.66 1 31 729 098 32 135 0.37 [-0.12, 0.86] 1T

Total (95% CI) 153 167 100.0 -0.08 [-0.26, 0.10]

Heterogeneity: Chi? = 4.50, df = 3 (P = 0.21); I = 33% T T ' T j

-1 -0.5 0 0.5 1

Test for overall effect: Z =0.87 (P = 0.38)

Favours [experimental] Favours [control]

(®)

FIGURE 7: (a) Postoperative DHI and (b) sensitivity analysis on postoperative DHI.

4.2. Zero-P Reduces Incidence of Long-Term ALOD Compared
with Traditional Anterior Steel Plates. Adjacent-level ossi-
fication development (ALOD) is a common complication of
ACDF which occurs as early as 3 months after surgery [47].

Previous studies have shown that cervical spine plate is
associated with increased risk of ALOD. According to
Garrido et al. [48], the incidence of ALOD in cervical disc
replacement during two-year and four-year follow-up was
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Experimental Control  Weight QOdds Ratio Odds Ratio
Study or Subgroup . .

Events Total Events Total (%) M-H, Fixed, 95% CI M-H, Fixed, 95% CI
alimi2016 19 69 14 35 14.3 0.57[0.24, 1.34] -
bin2018 8 49 13 49 11.5 0.54 [0.20, 1.45] -
chen2016 1 34 0 38 0.5 3.45[0.14, 87.50]
he2018 0 52 3 52 3.7 0.13[0.01, 2.67]
1i2015 0 12 4 11 4.8 0.07 [0.00, 1.42]
1i2017 5 68 13 70 12.6 0.35[0.12, 1.04]

Qizhi2016 1 16 1 14 11 0.87 [0.05, 15.28]

Scholz2020 5 21 12 20 9.9 0.21 [0.05, 0.80] -
sun2020 11 27 16 34 8.9 0.77 [0.28, 2.15] N
wang2014 6 30 14 33 11.3 0.34[0.11, 1.05] L
yong2018 2 27 12 31 11.0 0.13[0.03, 0.63] -
yun2016 1 31 1 32 1.0 1.03 [0.06, 17.28]

zhang2016 5 22 13 27 9.6 0.3210.09, 1.11] ]
Total (95% CI) 458 446 100.0 0.40 [0.28, 0.58] ‘
Total events 64 116

Heterogeneity: Chi? = 9.98, df = 12 (P = 0.62); > = 0%

0.001 0.1 1 10 1000

Test for overall effect: Z = 4.91 (P < 0.00001) ;
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FIGURE 8: Postoperative dysphagia.
Experimental Control Weight Odds Ratio Odds Ratio
Study or Subgroup N
Events Total Events Total (%) M-H, Fixed, 95% CI M-H, Fixed, 95% CI

chen2016 1 33 7 38 36.0 0.14 [0.02, 1.19] L

yang2015 1 30 12 32 640 0.06 [0.01,0.48] ¢ L

Total (95% CI) 63 70 100.0 0.09 [0.02, 0.39] —l—

Total events 2 19

Heterogeneity: Chi? = 0.33, df = 1 (P = 0.57); > = 0% 0 | j N ¥
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F1GURE 9: Postoperative ALOD.
Study or Suberou Experimental Control Weight Odds Ratio Odds Ratio
Y 80U Events Total Events Total (%)  M-H, Fixed, 95% CI M-H, Fixed, 95% CI

1i2015 0 12 4 11 18.5 0.07 [0.00, 1.42] =

1i2017 4 68 8 70 30.5 0.48 [0.14, 1.69] LA

liu2016 0 28 1 32 57 10.37 [0.01, 9.41]

Qizhi2016 3 16 0 14 1.7 7.52 [0.35, 159.47]

shi2016 2 68 2 60 8.5 0.88 [0.12, 6.44]

sun2020 1 27 10 34 35.1 0.09 [0.01, 0.78] =

Total (95% CI) 219 221 100.0 0.42 [0.20, 0.86] >

Total events 10 25

Heterogeneity: Chi? = 7.35, df = 5 (P = 0.20); I = 32% T T T i

Test for overall effect: Z =2.37 (P = 0.02) 0.001 0.1 1 10 1000
Favours [experimental] Favours [control]

F1Gure 10: Postoperative ASD.

significantly lower compared with that of plate fixation. In a
separate study, Yang et al. [24] performed a retrospective
study and reported that Zero-P was associated with lower
incidence of ALOD. In addition, the length of the steel plate
was associated with the incidence of ALOD. Further, Park
et al. [35] explored the incidence of ALOD after internal
fixation of the anterior cervical plate. The findings of the
study showed that the incidence of ALOD was higher when
the distance between the tip of the plate and the adjacent
intervertebral disc was less than 5mm. According to Lee

et al. [49] and Park et al. [50], the use of short plates with
inclined screw tracks reduces occurrence of ALOD.
Findings of the current study showed that the incidence
of ALOD in the Zero-P group (3.17%) was significantly
lower compared with that of the PC group (27.14%), which
were in agreement with findings from previous studies.
Although the anterior longitudinal ligament was injured by a
spreader or an electric knife in the two groups of patients, it
was evident that the plate promoted formation of osteo-
phytes during repair of the anterior longitudinal ligament.
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Study or Suberou Experimental Control Weight Odds Ratio Odds Ratio
Y group Events Total Events Total (%) M-H, Random, 95% CI M-H, Random, 95% CI

1i2017 12 68 9 70 31.4 1.45[0.57, 3.71] =

shi2016 1 68 2 60 12.2 0.43 [0.04, 4.90]

sun2020 11 27 0 34 9.4 48.09 [2.67, 866.67]

yong2018 2 27 3 31 17.2 0.75[0.12, 4.84] "

yun2016 12 31 12 32 29.9 1.05 [0.38, 2.91]

Total (95% CI) 221 227 100.0 1.41 [0.52, 3.82]

Total events 38 26

Heterogeneity: Tau? = 0.60; Chi® = 8.15, df = 4 (P = 0.09); I* = 51% ' T i T '

0.01 0.1 1 10 100
Test for overall effect: Z = 0.67 (P = 0.50)
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Study or Suberou Experimental Control Weight Odds Ratio Odds Ratio
Y 80U Events Total Events Total (%)  M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1i2017 12 68 9 70 38.0 1.45[0.57, 3.71] —=
shi2016 1 68 2 60 10.9 0.43 [0.04, 4.90] "
yong2018 27 3 31 13.5 0.75 [0.12, 4.84] =
yun2016 12 31 12 32 37.7 1.05 [0.38, 2.91]
Total (95% CI) 194 193 100.0 1.10 [0.59, 2.03]
Total events 27 26
Heterogeneity: Chi? = 1.08, df = 3 (P = 0.78); > = 0% i T i T '
Test for overall effect: Z = 0.29 (P =0.77) 0.01 0.1 1 10 100
Favours [experimental] Favours [control]
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FIGURE 11: (a) Fusion sinking rate after surgery. (b) Sensitivity analysis of fusion sinking rate after operation.
Study or Suberou Experimental Control Weight Odds Ratio Odds Ratio
Y 80U Events Total Events Total (%)  M-H, Fixed, 95% CI M-H, Fixed, 95% CI

1i2017 0 68 2 70 10.6 0.20 [0.01, 4.24]

liu2016 6 28 13 32 41.4 0.40 [0.13, 1.25] L

shi2016 0 68 10 60 48.0 0.04 [0.00, 0.61] L

Total (95% CI) 164 162 100.0 0.20 [0.08, 0.52] -

Total events 6 25

Heterogeneity: Chi? = 2.78, df = 2 (P = 0.25); I = 28% T T T i
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Test for overall effect: Z = 3.33 (P = 0.0009)
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FIGURE 12: Screw loosening after operation.

On the other hand, the Zero-P group had no plate internal
fixation and no mechanical stimulation; hence, the incidence
of ALOD was relatively low.

4.3. Zero-P Reduces Incidence of Dysphagia Compared with
Traditional Anterior Plates. Dysphagia is a complication of
ACDEF after using additional anterior plate. Previous studies
have reported that the incidence of postoperative dysphagia is
as high as 71%. Incidence of persistent dysphagia can reach
35.1% after 7.2 years of anterior cervical plate fixation, but
most symptoms of dysphagia decrease within a month.
However, between 12 and 14% of patients presented with
difficulties in swallowing 1 year after surgery [51]. Possible
causes of dysphagia include postoperative soft tissue edema,
esophageal injury, postoperative hematoma, and adhesions
around the implanted cervical spine plate. Moreover, the
anterior cervical plate is placed directly behind the esophagus,

which may affect or irritate the esophagus. Previous studies
have reported that the design and thickness of the anterior
locking plate are correlated with postoperative dysphagia.
According to Lee et al. [34], a correlation between plate
thickness and incidence of dysphagia was reported, and thus
the use of thinner plates can reduce incidence of dysphagia.
Another possible mechanism of dysphagia after ACDF an-
terior plate surgery may be the need for additional traction to
place the anterior locking plate. During the process of anterior
plate implantation, it has been reported that an increase in
esophageal pressure may cause dysphagia in patients with
ACDEF anterior plate. Furthermore, the Zero-P cervical fusion
cage does not straddle the anterior vertebral body and can be
completely contained in the decompressed intervertebral
space. Therefore, there is a reduced mechanical stimulation of
esophagus and other prevertebral soft tissues, and it retains as
much normal anatomy as possible. This explains the lower
incidence of postoperative dysphagia in the Zero-P group.
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4.4. Zero-P and Traditional Anterior Plate Show No Significant
Difference in Maintenance of Cervical Spine Curvature and
Intervertebral Height. The curvature of the cervical spine
plays an important role in maintaining efficacy of surgery.
Poor cervical spine curvature increases stress distribution of
the internal fixation device and adjacent segments, thus
increasing the incidence of internal fixation failure and ASD.
It has been reported that insufficient recovery of cervical
spine curvature after ACDF significantly affects cervical
spine instability and postoperative axial pain and may also
affect the recovery of nerve function [52]. However, the role
of Zero-P in maintaining postoperative cervical spine cur-
vature is controversial. According to Shi et al. [53], the loss of
cervical spine curvature in the Zero-P group was signifi-
cantly higher compared with that in the PC group after a 30-
month follow-up.

A study by Chen et al. [46] reported that the average C2-
C7 Cobb angle of the traditional steel plate group was
significantly greater compared with that of the Zero-P group.
Use of steel plate can also reconstruct the ideal sagittal
position balance with the spine compared with Zero-P
fixation. A separate study by Lan et al. [54] reported that the
cervical spine Cobb angle was significantly corrected after
the operation in the Zero-P group and the traditional plate
group with no statistical difference, which is in consonance
with the findings of the current study. The findings of the
current meta-analysis study showed that there was no sta-
tistical difference between the two groups; however, post-
operative cervical spine curvature was significantly
improved as compared to preoperative cervical spine
curvature.

Furthermore, a drop in intervertebral height caused by
sinking of the cage is a common postoperative complication
of ACDF [25]. It is defined as the loss of more than 2 mm of
disc height in two measurements [6]. Previous studies have
shown that sinking of the fusion cage is associated with
several factors including preoperative cervical spine cur-
vature, size of the plate, contact area with the endplate, age,
and the titanium plate as well as the distance between the
implant and the anterior edge of the vertebral body
[33, 55-57].

The findings of a study by Wu et al. [58] showed that a
decrease in the height of the intervertebral disc was related to
sinking of the intervertebral fusion cage. Notably, Zero-P
interbody fusion cage can effectively restore the physio-
logical structure of the cervical spine and maintain the
height of the intervertebral space more effectively compared
with traditional steel plates. Results of a different study by
Lee et al. [59] revealed that the sinking rate of the Zero-P
device (21.7%) was higher compared with that of the front
steel plate (11.1%). On the other hand, Scholz et al. [60]
reported that during the 6-month follow-up, the patients
treated with the Zero-P device did not present sinking of the
intervertebral fusion cage. According to Noh and Zhang [61]
the settlement rate of Zero-P group (25%) was slightly higher
at the last follow-up, compared with that of the plate cage
group (21%). However, the difference between the two
groups was not statistically significant from each other. In
the current meta-analysis, it was found that the sinking rate
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of the Zero-P group was 17.19%, whereas that of the PC
group was 11.45%. Although the results were not statistically
different, it was evident that the sinking rate of the fusion
cage in the Zero-P group was higher compared with that of
the PC Group, which is consistent with the findings of a
study by Noh and Zhang [61].

The findings of the present meta-analysis show that both
methods can effectively maintain intervertebral height.
During the operation, a distractor was used to open the
intervertebral space and a Zero-P intervertebral fusion cage
or a traditional steel plate cage was implanted. Therefore, the
height of the intervertebral space was significantly increased
compared with the space before the operation and hence
restoring the intervertebral height.

4.5. Zero-P Reduces Incidence of Screw Loosening Compared
with Traditional Front Steel Plates. According to a study by
Vaccaro et al,, the incidence of traditional anterior cervical
fixation of plate screws and plate loosening was 15.4%,
whereas the fracture rates of screws and plates were as high
as 13.3 and 6.7%, respectively. Notably, plates and bone
grafts were displaced (with or without transplantation). The
incidence of bone fracture was high (21.4%) whereas the
incidence of implant failure for long-segment plates (in-
tervertebral screws and plates of unfused segments) ranged
from 0 to 12.5%.

The design of the implant has different screw fixation
mechanisms and loosening of the implant screw may be
related to the design of the fixed plate-screw interface. It has
been found that the “zero notch” design of the Zero-P in-
tervertebral fusion cage has more advantages compared with
the traditional plate cage system. The intervertebral screw of
the Zero-P system is a self-tapping screw, which can
strengthen the thread and the screw during screwing.
Further, the bite force of the bone between the vertebral
bodies increases the immediate stability between the ver-
tebral bodies. Moreover, the angle of the screw and that of
the cervical spine biological force line are larger compared
with those for the traditional steel plate, and the pullout
resistance is stronger. Therefore, the findings of the current
study revealed that the incidence of screw loosening in the
Zero-P group (3.66%) was significantly lower compared with
that in the PC group (15.43%), which can be attributed to the
described reasons.

5. Limitations

This study had some limitations. @ Although random effects
models and sensitivity analysis were used to eliminate sta-
tistical heterogeneity, they may have led to a certain degree of
measurement error. @ Although most effect sizes are sen-
sitive, after sensitivity analysis, heterogeneity was eliminated
or reduced; however, there was still some heterogeneity after
the merging of individual effect data and some results could
not be reliable. ® At present, the application of Zero-P is in
the early stage, the clinical practice has not been fully carried
out, and the corresponding high-quality clinical research
requires further long-term follow-up.
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6. Conclusion

In conclusion, it was evident that the use of Zero-P system
during anterior cervical discectomy and fusion reduces the
risk of ALOD, ASD, and screw loosening and reduces the
operation time, intraoperative blood loss, and the incidence
of postoperative dysphagia compared with the traditional
anterior plate cage system.
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Purpose. The purpose of this study is to investigate the clinical effect of lower-limb exercise, when combined with celecoxib, on
pain management of patients undergoing posterior lumbar fusion surgeries. Methods. The patients undergoing posterior lumbar
fusion surgeries between 01/2018 and 06/2021 were retrospectively identified, with their data collected. After surgery, some
patients took celecoxib for analgesia (celecoxib group, 200 mg/day) while the others took celecoxib together with lower-limb
exercise (combined group, celecoxib-200 mg/day). On postoperative days (POD) 1, 3, 7, and 14, data were collected and analyzed
regarding the following items: patient satisfaction, lower-limb muscle force, lumbar JOA score (29 points), Oswestry Disability
Index (ODI), and visual analog scale (VAS) score. Results. A total of 225 participants were included in this study. Specifically, 120
cases were admitted into in the celecoxib group and 105 were included in the combined group. Comparisons of baseline data did
not indicate any difference between the combined group and the celecoxib group. Data analysis showed that patient satisfaction in
the combined group was significantly higher than the celecoxib group on POD 3, 7, and 14, respectively (all p <0.001). Moreover,
the combined group had less VAS score compared with the celecoxib group on POD 3, 7, and 14, respectively (all p <0.01). In
addition, lower-limb muscle force in the combined group was significantly stronger than that in the celecoxib group on POD 3 and
POD 7, respectively (both p <0.01). Furthermore, the combined group achieved less ODI score than the celecoxib group on POD
3,7, and 14, respectively (all p <0.05). Comparisons of the lumbar JOA score did not suggest any statistical difference during the
whole follow-up period. Conclusions. In conclusion, postoperative lower-limb rehabilitation exercise can help to release pain after
lumbar fusion surgeries. Additionally, postoperative lower-limb exercise can facilitate the recovery of lower-limb muscle force, as
well as improving patient satisfaction.

1. Introduction

In clinical scenarios, lower back pain (LBP) mainly derives
from intervertebral disc degeneration (IVDD) [1-3].
IVDD-related diseases, such as lumbar disc herniation, can
lead to severe symptoms including LBP and lower-limb
radicular pain. In such a situation, the patients usually need
to undergo surgeries to remove the protruded disc and
decompress the nerve root and spinal canal. To date,

posterior lumbar interbody fusion surgery has been a
widely used surgical procedure for treating IVDD-derived
diseases, in particular, lumbar spinal diseases [4-6].
However, it has been reported by previous studies that
postoperative patients may experience prolonged LBP and
low quality of life [7-10], that is one of the key reasons that
some patients would seek physical therapy after lumbar
fusion surgery, for a purpose of speeding up their
rehabilitation.
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As suggested by previous studies, postoperative rehabil-
itation procedures can help pain management after spinal
surgeries, even decreasing the disability events [11-13]. In the
past few years, accumulative studies have indicated that
postoperative lower-limb exercise can facilitate rehabilitation
and help relieve pain after orthopedic surgery [14] and lumbar
spine surgery [15, 16]. Clinically, celecoxib, one of nonste-
roidal anti-inflammatory drugs (NSAIDS), has been com-
monly administered to the patients for pain relief, the regular
oral dose of celecoxib being 200 mg daily [17-19]. However, it
remains unclear whether postoperative lower-limb exercise
can increase pain relief when administered together with
celecoxib for the patients undergoing spine surgery.

Thus, the purpose of this study is to investigate the effect
of lower-limb exercise, when combined with celecoxib, on
pain management of the patients who undergo posterior
lumbar fusion surgeries.

2. Patients and Methods

2.1. Ethics. Prior to the commencement of this study, the
medical ethics has been approved by Medical Ethics Council
of Nantong Tongzhou People’s Hospital. All informed
consent was signed by the patients (or their lawful guard-
ians) before undergoing lumbar fusion surgeries.

2.2. Patients. The patients undergoing posterior lumbar fusion
surgeries (Figure 1) between 01/2018 and 06/2021 were ret-
rospectively identified and screened. All participants were
diagnosed with lumbar disc herniation or lumbar spinal ste-
nosis. The related data were then collected, including the data
followed up with different time points on postoperative days
(POD) 1, 3,7, and 14. After surgery, some of these patients took
celecoxib for analgesia (celecoxib group, celecoxib-
200 mg/day), while the others took celecoxib together with
lower-limb exercise (combined group, celecoxib-200 mg/day).
Both in the celecoxib group and the combined group, celecoxib
was administrated to the patients 200 mg/time/day, adminis-
trated in the evening. During the perioperation period, all the
participants underwent the same routine medical care re-
gardless of treatment groups. Postoperatively, the patients in
the combined group did rehabilitation exercise by following the
lower-limb rehabilitation procedures as previously reported
[14-16] and maintained for up to 14 days.

2.3. Assessment. Data were collected and analyzed regarding
the following items: patient satisfaction, lower-limb muscle
force, lumbar JOA score (29 points), Oswestry Disability
Index (ODI), and visual analog scale (VAS) score. The grading
of lower-limb muscle force was based on the classification
criteria which British Medical Research Council applies. In
addition, the patient satisfaction rate was scored to three
levels: very satisfied, satisfied, and dissatisfied.

2.4. Statistical Analyses. Statistical analysis in this study was
performed using the software SPSS for Windows 18.0 (SPSS
Inc., USA). The data of ODI, JOA score, and VAS score are
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presented as mean + standard deviation (SD). The data of age
are presented as median (range). Multiple comparisons were
carried out with analysis of variance (ANOVA) if homo-
geneity and normality of variance were assumed, subse-
quently followed by Student-Newman-Keuls ¢-tests used to
identify the difference between two groups. Moreover, chi-
square tests were conducted to analyze the categorical data
(gender, patient satisfaction, and muscle force). A p value of
0.05 was set as the significance level.

3. Results

3.1. Baseline Data of Participants. After the identification of
all patients, a total of 225 participants were included in this
case-control study. Specifically, 120 cases were admitted into
the celecoxib group and 105 cases were included in the
combined group. The combined group consists of 48 males
and 57 females, while the celecoxib group consists of 54
males and 66 females. The median age of the combined
group is 54 years (range 21-67), while the median age of the
celecoxib group is 56 years (range 23-70). Comparisons of
those baseline data did not suggest any difference between
the combined group and the celecoxib group (all p>0.05).

3.2. Patient Satisfaction. As given in Table 1, the patient
satisfaction was categorized to three grades: very satisfied,
satisfied, and dissatisfied. Most of the patients were very
satisfied and satisfied about their treatment regardless of the
treatment groups or postoperative time points. Data analysis
showed that patient satisfaction in the combined group was
significantly higher than the celecoxib group on POD 3, 7,
and 14, respectively (all p <0.001). There was no difference
regarding the patient satisfaction on POD 1 between the
combined group and the celecoxib group (p >0.05).

3.3. VAS Score. As given in Table 2, the combined group
obtained less VAS score compared with the celecoxib group
on POD 3 (26+1.2 vs. 3.5+1.1), POD 7 (1.5+1.2 vs.
2.3+1.1), and POD 14 (1.1£0.3 vs. 1.2+0.2), respectively
(all p<0.01). No significant difference of VAS score was
indicated on POD 1 between the combined group and the
celecoxib group (p>0.05).

3.4. Lower-Limb Muscle Strength Grading. As given in Ta-
ble 3, most grading of the preoperative lower-limb muscle
strength was grade III and grade IV in both the combined
group and the celecoxib group. Grade IV and grade V (as a
whole) took the majority after surgery, and grade V in-
creased continuously during the postoperative follow-up
period regardless of the groups. As compared with the
preoperative grading, the muscle strength got improved in
both the combined group and the celecoxib group. Lower-
limb muscle force in the combined group was significantly
stronger than that in the celecoxib group on POD 3 and
POD 7, respectively (both p <0.01). There was no significant
difference found between the combined group and the
celecoxib group on POD 1 or POD 14.
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(a)

()

FIGURE 1: A representative case of posterior fusion surgery. (a)-(b) Preoperative X-ray radiographs. (c)-(d) Preoperative CT scan. (e)-(f)
Preoperative MRI scan. (g)-(h) Postoperative X-ray radiographs. The arrows indicate the herniation of nucleus pulposus in the intervertebral disc.

TaBLE 1: Patient satisfaction at discharge.

Combined group (n=105)

Celecoxib group (n=120) Chi-square tests

After surger

gery Very satisfied/satisfled/dissatisfied Very satisfied/satisfied/dissatisfied Ve P value
POD 1 30 cases/60 cases/15 cases 32 cases/69 cases/19 cases 0.164 0.921
POD 3 72 cases/30 cases/3 cases 40 cases/64 cases/16 cases 29.47 <0.001
POD 7 92 cases/12 cases/1 cases 52 cases/58 cases/10 cases 47.92 <0.001
POD 14 101 cases/4 cases/0 case 78 cases/37 cases/5 cases 33.67 <0.001

All values with P < 0.05 are presented in bold, which indicate statistical significance. Combined group, celecoxib and lower-limb rehabilitation exercise; POD,

postoperative day.

TaBLE 2: Assessment of VAS score.

Group Pre-op POD 1 POD 3 POD 7 POD 14
Celecoxib (n=120) 6.8+1.7 57+1.4 35+1.1 23+1.1 1.2+0.2
Combined (n=105) 6.6+2.1 54+1.6 26+1.2 1.5+1.2 1.1+0.3
P value 0.431 0.135 <0.001 <0.001 0.003

All values with P <0.05 are presented in bold, which indicate statistical significance.VAS, visual analog scale; combined group, celecoxib and lower-limb

rehabilitation exercise; POD, postoperative day; Pre-op, preoperation.

3.5.0DI Score. As given in Table 4, preoperatively, there was
no significant difference regarding the ODI score between
the combined group and the celecoxib group (p>0.05).
Postoperatively, both of the combined group and the cel-
ecoxib group achieved significant improvement of the ODI

score, compared to their preoperative data, respectively. The
combined group scored less ODI than the celecoxib group
on POD 3, 7, and 14, respectively (all (p <0.05)). There was
no statistical difference between the combined group and the
celecoxib group on POD 1 (p>0.01).
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TaBLE 3: Lower-limb muscle force.

Group Pre-op POD 1 POD 3 POD 7 POD 14
Grade 111 v \% 111 v \% 111 v \% 11 v \% 111 v \%
Celecoxib (n=120) 34 68 18 31 77 12 28 75 17 25 64 31 12 24 84
Combined (n=105) 27 63 15 23 72 10 18 52 35 12 43 50 8 18 79
X2 0.268 0.537 11.622 12.200 0.814

P value P =0.875 P=0.764 P =0.003 P =0.002 P =0.666

P <0.001, in terms of muscle force comparison between the celecoxib group and the combined group. POD, postoperative day; combined group, celecoxib

and lower-limb rehabilitation exercise; Pre-op, preoperation.

TaBLE 4: ODI assessment and comparisons.

Groups Pre-op POD 1 POD 3 POD 7 POD 14
Celecoxib (n=120) 48+22 41+20 33+16 21+11 13+4
Combined (n=105) 46+23 40+19 27+15 18+9 11+4
P value 0.506  0.702 0.0042 0.027 <0.001

All values with P <0.05 are presented in bold, which indicate statistical
significance.ODI, Oswestry Disability Index; combined group, celecoxib
and lower-limb rehabilitation exercise; POD, postoperative day; Pre-op,
preoperation.

3.6. Lumbar JOA Score. As given in Table 5, preoperatively,
there was no significant difference regarding the lumbar JOA
score between the combined group and the celecoxib group
(p>0.05). Postoperatively, comparisons of the lumbar JOA
score did not suggest any statistical differences between the
combined group and the celecoxib group during the whole
follow-up period (p>0.05).

4, Discussion

In our department, as a routine procedure for the pro-
phylaxis of potential postoperative complications (such as
deep vein thrombosis), the patients are required to do
lower-limb rehabilitation exercise postoperatively; the
exercise procedures are given in previous studies [14-16].
All participants are asked to do the same intensity reha-
bilitation for up to two weeks. The pain relief effect of
lower-limb rehabilitation exercise on the patients after
orthopedic surgery and spinal surgery has already been
documented in those previous studies [14-16]. In this
study, the patients in the combined group kept doing re-
habilitation exercise for up to 14 days. That was because
many patients can walk well and start to do some normal
exercise, other than the lower-limb rehabilitation proce-
dures, after 14 days after surgery. Thus, 14-day exercise
with the lower-limb rehabilitation procedures after surgery
was considered as an endpoint of our study on the post-
operative pain management.

Celecoxib, a selective cyclooxygenase-2 inhibitor and an
NSAID, has been routinely used by the patients after spinal
surgery for pain relief, with its advantage of minimizing the
gastrointestinal adverse effects [17]. Considering the pain
relief effects of celecoxib and lower-limb exercise, it would be
possible for them to have synergistic effects on pain relief.
However, thus far, it has been unclear whether postoperative
lower-limb exercise can increase pain relief when admin-
istered together with celecoxib for the patients undergoing

TaBLe 5: JOA score (lumbar, 29 points) assessment and
comparisons.

Groups Pre-op POD1 POD3 POD7 POD 14
Celecoxib ¢ 13 105415 147422 198461 221466
(n=120)

Combined ¢ 1) 102417 151424 203+63 22365
(n=105)

P value 0075 0.6l 0194 0546  0.820

JOA, Japanese Orthopedic Association; combined group, celecoxib and
lower-limb rehabilitation exercise; POD, postoperative day; Pre-op,
preoperation.

spine surgery. Thus, this study was designed to investigate
the effect of lower-limb exercise, when combined with
celecoxib, on pain management of the patients who un-
derwent posterior lumbar fusion surgery in our department.

As a result, a total of 225 cases were included in our
study. Baseline data (age and gender) were well matched
between the combined group and the celecoxib group.
Compared with preoperative situations, the combined group
and the celecoxib group have significantly improved in
terms of the patient satisfaction, VAS score, lower-limb
muscle force, lumbar JOA score, and ODI score. Also, it was
found that the combined group achieved better results than
the celecoxib group, in terms of the patient satisfaction, VAS
score, lower-limb muscle force, and ODI score. These
findings in this study stay consistent with the reports from
previous studies [14-16] which indicate that lower-limb
exercise can effectively increase postoperative pain relief,
accelerate functional recovery, and decrease complications
(such as deep vein thrombosis).

It is noticeable in this study that the postoperative
lumbar JOA score is not significantly different between the
combined group and the celecoxib group during the whole
follow-up period (up to 14 days). This result of the JOA score
is inconsistent with previous reports indicating that post-
operative lower-limb exercise can improve the JOA score.
One possible reason for this result is that our follow-up
period is too short, only 14 days postsurgery. By contrast, the
maximum follow-up period in the previous studies are up to
3 months [14-16]. Another reason could be the different
study designs between this study and other studies. In this
study, the combined group was designed to compare with
the celecoxib group, while the lower-limb exercise group was
compared with the control group (settings unknown) in
those previous studies.

Up to now, there is no consensus regarding whether
postoperative rehabilitation can effectively promote the
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recovery of patients undergoing spinal surgery. In terms of
pain relief, functional improvement, and patient satisfaction,
the positive effects of postoperative rehabilitation proce-
dures have been declared in some studies [12, 14, 16, 20, 21],
while some others are negative towards postoperative re-
habilitation [4, 22, 23]. Apparently, the findings in the
current study support the former, with increased pain relief,
great functional improvement, and higher patient satisfac-
tion in the rehabilitation group, compared to the non-
rehabilitation group postoperatively.

This study has some limitations that might have re-
stricted the interpretation of the data. First, this is a single-
center, retrospective, case-control study, making the par-
ticipants included lack for extensive representativeness and
the data accuracy decreases to a certain extent. In addition,
the patient sample is not large, just a total of 225 participants
were included in this study. It would make the results and
conclusions more robust if the patient sample size is greater.
Moreover, the follow-up period in this study is not long
enough (just 14 days), which can potentially influence the
results and conclusions. Therefore, a better future study
needs to resolve all of the shortcomings listed above. It can
be designed to be multicenter, prospective, blinded, and
randomly controlled; the sample size should be big enough.

5. Conclusions

In summary, postoperative lower-limb rehabilitation exer-
cise can synergistically work with celecoxib, increasing pain
relief for the patients undergoing lumbar fusion surgeries. In
addition, postoperative lower-limb exercise can facilitate
functional recovery and increase patient satisfaction.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.
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This study aimed to analyze the effect of the enhanced recovery after surgery (ERAS) protocol on the recovery of gastrointestinal
function in patients with lumbar disc herniation after discectomy. A total of 179 patients with lumbar disc herniation were randomly
divided into the ERAS and non-ERAS groups. The non-ERAS group received routine nursing, and the ERAS group received ERAS
strategy. The two groups were compared for general recovery indicators such as postoperative hemoglobin and prealbumin, satisfaction,
and length of hospital stay. Gastrointestinal function was also evaluated, such as postoperative feeding time, intestinal chirping recovery
time, intestinal exhaust gas recovery time, and complications such as ileus, nausea, and vomiting. The satisfaction of patients in the ERAS
group (86.15+2.43) was significantly higher than that in the non-ERAS group (77.19 +3.32), and the difference was statistically
significant (P < 0.05). The average time of eating in the ERAS group was 2.27 h after surgery. In addition, the amount of eating in the
ERAS group was significantly better than that in the non-ERAS group, and the difference was statistically significant. In the ERAS group,
intestinal chirping recovery time recovered to normal time, and exhaust recovery time and average defecation time were significantly
shorter than those in the non-ERAS group. In the ERAS group, the average amount of hemoglobin and prealbumin decreased 3 days
after operation, which was significantly lower than that in the non-ERAS group. To sum up, ERAS has an evident effect on the recovery
of gastrointestinal function after discectomy of disc herniation, which can promote the recovery of patients.

1. Introduction

Lumbar disc herniation in the elderly population may cause
significant neural compression, leading to increased pain
and poor quality of life of patients. Therefore, identifying
effective interventions that could improve the quality of life
of elderly patients with lumbar spinal disorders is important
[1]. Discectomy has been recognized as a primary treatment
of degenerative lumbar spine disorders; however, the sur-
gical stress response, such as immunosuppression, increased
catabolism, hypercoagulable states, and free radical

production, is associated with major surgery [2]. These
physiologic alterations are associated with organ function,
which may result in undesirable postoperative complica-
tions, pain, and extended convalescence [3].

Postoperative paralytic ileus is a frequent complication
after lumbar spinal surgery, with an incidence ranging be-
tween 2.6% and 12%, depending on the invasiveness of the
complication and approach of the surgery [4]. It leads to
increased postoperative morbidity, longer hospital stays, and
increased medical costs. Several mechanisms are thought to
play a role in postoperative ileus, including sympathetic
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reflexes, effects of local and systemic inflammatory media-
tors, and changes of hormone transmitters. Numerous
potential treatment options for postoperative ileus have been
reported; however, their efficacy is usually limited [5]. In
previous reports, lumbar spinal surgery in the aging pop-
ulation has increased [6]. Elderly patients are often com-
plicated with chronic constipation [7]; thus, they may suffer
from a higher risk of postoperative ileus after orthopedic
surgery than younger patients [8, 9]. Therefore, finding
effective measures to prevent postoperative paralytic ileus in
the elderly after lumbar spinal surgery is of great signifi-
cance. Many therapies, including early enteral nutrition,
early removal of the nasogastric tube, gastrointestinal mo-
tility drugs, and physical therapy, have been suggested and
applied in clinical work to prevent postoperative paralytic
ileus [10, 11]. However, these therapies cannot be routinely
or widely used because of either low compliance or limited
clinical efficacy [12].

Enhanced recovery after surgery (ERAS) reduces the
surgical stress response, minimizes postoperative compli-
cations, and increases readmission rates [2], which are
important for vulnerable patients, who often suffer from
comorbidities, and the elderly [13]. ERAS can also improve
the gastrointestinal function of postoperative orthopedic
patients, such as decreasing postoperative ileus, nausea, and
vomiting, among which postoperative ileus is a common
complication of discectomy and is estimated to occur in a
considerable proportion of patients undergoing surgery [14].
Livingston and Passaro defined ileus as “the functional
inhibition of propulsive bowel activity, irrespective of
pathogenetic mechanism.” [15] The pathogenesis of ileus is
multifactorial with immobility, opioids, and anesthesia,
which affect bowel function [16]. Studies have demonstrated
that postoperative ileus can increase the length of hospital
stay (LOS) and costs significantly [17]. This study aimed to
evaluate the impact of ERAS on gastrointestinal function
among elderly patients with spinal disorders undergoing
surgery.

2. Methods

2.1. Inclusion and Exclusion Criteria. This is a retrospective
cohort study. The study protocol was approved by the Ethics
Committee for Human Subjects of the People’s Hospital of
Jiulongpo District. Written informed consent was obtained
from each patient. Patient data were anonymized in this
study. Altogether, 179 patients with lumbar disk herniation
over the age of 65 who underwent posterior lumbar dis-
cectomy at two or lower levels from January 2019 to De-
cember 2020 were assigned to the non-ERAS group (n=95)
and the ERAS group (n = 84). Details of the enrolled patients
could be found in Supplementary table. All the treatments
were conducted by the same surgical team. Patients in the
non-ERAS group were treated under traditional peri-
operative protocols. Diagnosis of lumbar disk herniation was
conducted by at least two spinal orthopedic specialists based
on MRI images of the lumbar spine and clinical symptoms,
and the responsibility segments were identified. Patients
who had typical spinal stenosis symptoms and did not
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respond to conservative treatments were indicated for
surgery. Individuals who had neoplasm, cauda equina in-
jury, trauma, and infectious disease were excluded from this
study. All data were collected from the electronic medical
record. Demographic data included gender, age, and body
mass index (BMI). Comorbidities included hypertension,
heart disease, diabetes, osteoporosis, stomach problem,
bowel or intestinal problem, and psychological symptoms.
Other indices included the American Society of Anesthe-
siologists (ASA) physical status score, preoperative Japanese
Orthopaedic Association (JOA) Score, Oswestry Disability
Index (ODI), and visual analogue scale (VAS) for the back
and leg. Operative records used for analysis included the
number of fusion levels, operative time, and intraoperative
blood loss. The primary outcome data included complica-
tions, postoperative pain scores, LOS, and 30-day read-
mission rates.

2.2. ERAS Interventions. In this study, we followed the
methods of Wang et al. [18]. The ERAS program was
proposed and planned by a core group of anesthesiologists,
nutritionists, spine surgeons, physicians, physical therapists,
nurses, and geriatricians after literature review and expe-
rience exchange [19-21]. With the approval of the Ethical
Committee for Human Subjects of the People’s Hospital of
the Jiulongpo District, the implementation of the ERAS
program began in June 2019. ERAS interventions were di-
vided into preoperative, intraoperative, and postoperative,
including the following administration: (1) patient education
and counseling, (2) antibiosis before surgery, (3) preoper-
ative fasting (without drinks 2h and food 4h before sur-
gery), (4) multimodal analgesia, (5) standard anesthetic
protocol, (6) gastrointestinal management, (7) early feeding
after surgery, (8) early mobilization medical, (9) early re-
moval of the bladder catheter, and (10) antithrombotic
prophylaxis. Details of ERAS are displayed in Figure 1.

2.3. Statistical Analysis. Statistical analyses were performed
by GraphPad software (version 8.0). Student’s ¢-test and y*
test were used to compare comorbidity data, patient de-
mographics, clinical results, and baseline health indicators
among the groups. We also used multivariate linear re-
gression analysis and multivariable logistic regression to
assess the association among the risk factors of ERAS ele-
ments and ileus rate. Differences were considered significant
at a level of P value less than 0.05.

3. Results

3.1. Demographics. A total of 179 patients (Figure 2) were
included, with 84 patients in the ERAS group (46 men and 38
women, mean age: 71.31+9.17 vyears, mean BMI:
24.17+£2.96) and 95 patients in the non-ERAS group (51
men and 44 women, mean age: 71.63+9.01 years, mean
BMI: 24.75 + 3.67). All surgeries were performed by a senior
surgeon (Figure 3). Preoperative characteristics were similar
between the two groups (Table 1). Demographic data were
compared, and no statistically significant differences were
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Postoperative gastrointestinal management

Incision drainage tube management

FIGURE 1: Summary of conducted perioperative topics for ERAS with discectomy.

observed between the two groups. In addition, no significant
differences were noted in comorbidities, ASA grade, or the
number of fusion levels between both groups. The mean
operative time and intraoperative blood loss in the ERAS
and non-ERAS groups showed no significant difference.
Moreover, the mean preoperative JOA, VAS for the back and
legs, and ODI score showed no significant difference
(Table 1).

3.2. Compliance with the ERAS Protocol. Our ERAS protocol
included 14 pathways, and the overall pathway compliance
was 96.4% (Table 2). Patient education and counseling, no
prolonged fasting, antimicrobial prophylaxis, and all
intraoperative ERAS interventions were performed in all

patients of the ERAS group. The pathway with the lowest
compliance was early oral feeding (Table 2).

3.3. Outcomes. The main clinical outcomes are shown in
Table 3. After the implementation of ERAS, no significant
difference in 30-day readmission and mortality was found
between the ERAS group and the non-ERAS group. Fur-
thermore, the mean postoperative VAS for the back and legs
showed no significant difference at 30-day follow-up as
complete data were available for 83% of patients at this early
time point. However, we observed a statistically significant
decrease in LOS in the ERAS group (11.27 + 4.07 days in the
ERAS group versus 14.60+2.13 days in the non-ERAS
group, P <0.05). The patient satisfaction rate of the ERAS
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TaBLE 1: Patient demographics.

Patient demographics ERAS Non-ERAS P
Sample size 84 95
Age (years) 71.31+9.17 71.63+9.01  0.50
Male/female 46/38 51/44 1
Body mass index 24.17 £2.96 24.75+3.67 0.86
Smoker 6 7 1
Comorbidities
Hypertension 53 49 0.13
Heart disease 17 15 0.56
Chronic lung disease 1 2 1
Diabetes 16 13 0.42
Osteoporosis 11 9 0.48
Gastrointestinal 6 7 1
Psychological 1 0 047
symptoms
Preoperative JOA 7.30+3.07 6.99+2.97 049
Preoperative ODI, % 60.88 £ 8.31 61.63+9.27  0.57
Preoperative VAS (back) 6.48 +1.21 6.75+1.01 0.11
Preoperative VAS (leg) 6.19+1.76 6.34+1.88  0.58
ASA grade
I 11 11
I 60 60
II1 13 13
v 0 0
No. of fusion levels
1 62 67 0.74
2 22 28 0.74

Operative time (min) 163.88 £49.23 168.43+51.62 0.55

Intraoperative blood loss

283.63£169.64 243.63+188.64 0.14
(ml)

TaBLE 2: ERAS pathway compliance.

Compliance with the ERAS program

Variable n (%)
Preoperative ERAS items
Patient education and counseling 84 (100)
No prolonged fasting 84 (100)
Fluid and carbohydrate loading 84 (100)
Antithrombotic stockings 84 (100)
Antimicrobial prophylaxis 84 (100)
Intraoperative ERAS items
Tranexamic acid 84 (100)
Maintenance of normothermia 84 (100)
Local infiltration analgesia 84 (100)
Fluid balance 84 (100)
Postoperative ERAS items
Early ambulation 77 (91.7)
Early removal of the bladder catheter 67 (79.8)
Early oral feeding 63 (75)
Chewing gum 80 (95.2)
Intermittent pneumatic compression 82 (97.6)
Overall compliance (rate) 81 (96.4)

group was 92.00%, and the difference was statistically sig-
nificant (P <0.05). In the ERAS group, the average time of
eating was 2.27 h after surgery, and patients consumed much
more food than those of the non-ERAS group. Moreover, the
time for bowel sounds to return to normal (3-5 times/min)
was 5.63 h; the recovery time of exhaust gas was 8.14 £ 6.52 h,
and the average time of defecation was 1.02 days, which were

both significantly less than those of the non-ERAS group.
The rate of nausea, vomiting, and flatulence complications in
the ERAS group was 2.39%, which was less than that of the
non-ERAS group, but the difference was not significant. The
average amount of hemoglobin in the ERAS group 3 days
after operation was 8.14 g, and the average decreased amount
of prealbumin was 5.28g, with statistical significance
(P <0.05).

Multivariable linear regression showed that comorbid-
ities (P=0.021), dose of sufentanil (P = 0.042), operative
time (P = 0.041), and implementation of the ERAS program
(P = 0.036) were significantly correlated with postoperative
ileus. On the contrary, age, gender, BMI, smoking history,
ASA >3, fusion number, blood loss, preoperative VAS for
the back, and preoperative VAS for the leg were not related
to postoperative ileus. Multivariable logistic regression
showed that no characteristics were associated with post-
operative ileus (Table 4).

4. Discussion

Disk herniation and the loss of disk height are largely as-
sociated with aging, which places extra loads on adjacent
segments and facet joints, leading to low back pain (LBP).
LBP and sciatica can significantly impair patients’ psycho-
social function, leading to depressive symptoms and sleep
disorders. Furthermore, LBP and sciatica are correlated with
coronary heart disease in elderly people [22]. However,
comorbidities and poor physical function can cause high
rates of perioperative complications, such as inpatient
morbidity, during lumbar spinal surgery in elderly patients
[23, 24]. It is reported that thoracic epidural anesthetics can
reduce the duration of postoperative ileus by blocking the
nerve reflex of the spinal cord and reducing the use of
postoperative anesthesia in patients. Nonsteroidal anti-in-
flammatory drugs can also accelerate the recovery of in-
testinal function by inhibiting intestinal inflammation and
reducing the use of opioids. Thus, a multimodal treatment
approach that combines multiple therapies may be a logical
approach [9]. As proposed by Henrik Kehle, a Danish
surgeon, ERAS is a multidisciplinary and multiprofessional
approach for postoperative patients to obtain a relatively
rapid recovery [25]. To date, the basic principles of ERAS
have been adopted by surgical specialties in multiple fields
[26, 27]. This protocol has been shown to be beneficial
particularly for elderly people who have comorbidities or a
higher risk of surgical complications. The ERAS protocol is
specifically designed for patients in adapting to surgical
stresses such as immobility, dehydration, and inflammation
by all-encompassing approaches, which focuses on various
aspects of perioperative care, including changes in mobili-
zation, fasting, early postoperative oral intake, goal-directed
fluids, and multimodal analgesia [28, 29]. In our study, the
ileus rate in the cohort of patients in the ERAS group was
significantly decreased. In addition, the patients in the ERAS
group had a shorter hospital stay and decreased readmission
rate.

Shortening the time of fasting and feeding is an im-
portant preoperative aspect in our ERAS program [30].
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TaBLE 3: Postoperative outcomes.

Outcome measure ERAS Non-ERAS P
LOS*** 11.27 £4.07 14.60 £2.13 0
30-day readmission 1 2 0.47
30-day mortality 0 0 1
Decreased amount of hemoglobin (g/L)*** 8.14+2.06 12.37+2.21 0
Decreased amount of prealbumin (g)*** 5.28 +1.07 8.32+1.40 0
Postoperative time (days)*** 6.14+1.24 8.14+2.38 0
Satisfaction*** 86.15+2.43 77.19+3.32 0
Preoperative VAS (back) 7.09+0.83 7.04+0.67 0.66
Preoperative VAS (legs) 7.32+0.72 7.44+0.23 0.13
Gastrointestinal indicators
Tleus rate™** 5.89 31.89 0
Postoperative feeding time (h)*** 2.27£1.50 414+3.92 0
Food intake (h)*** 5.58 +2.57 3.52+2.43 0
Borborygmus recovery time (h)*** 5.63+2.54 6.02 £3.51 0.04
Intestinal exhaust gas recovery time (h) 8.14+6.52 10.21+7.16 0.05
Postoperative defecation time (d)*** 1.02+1.28 2.31+2.10 0
Postoperative nausea and vomiting 2.39 9.53 0.06
General complications
Cerebrovascular accident 0 1 1
Surgical site infection 1 3 0.62
Spinal fluid leakage 2 3 1
Neurological 1 2 1
Deep vein thrombosis 0 1 1
Cardiac arrest 0 0 1

*P value less than 0.05; **P value less than 0.01; ***P value less than 0.001.

TaBLE 4: Multivariable analyses for LOS and complications.

Multivariable linear regression for LOS

Multivariable logistic regression for

Characteristics any complications
Coeflicient (95% CI) P value OR (95% CI) P value

Age 0.25 (-0.12 to 0.27) 0.35 1.09 (0.87-1.28) 0.49
Female 112 (~0.47 to 1.22) 0.10 1.09 (0.93-1.17) 0.24
BMI —0.023 (-0.33 to 0.11) 0.74 0.94 (0.89-1.02) 0.07
Smoker 0.78 (-0.19 to 1.20) 0.15 2.21 (0.84-3.12) 0.14
Comorbidities 1.24 (0.23 to 1.63) 0.02 1.46 (0.87-2.21) 0.06
Fusion number 2.21 (-1.19 to 2.97) 0.18 1.99 (0.98-2.38) 0.11
Estimated blood loss 1.21 (-1.96 to 3.75) 0.07 1.74 (0.35-2.06) 0.88
Intraoperative fluids 0.78 (0.01 to 1.17) 0.65 2.11 (0.85-2.21) 0.10
Dose of sufentanil* 0.98 (0.53 to 1.71) 0.04 1.62 (0.99-1.72) 0.05
Operative time* 0.41 (—0.02 to 0.91) 0.04 0.93 (0.87-3.26) 0.13
ERAS* 0.94 (0.73 to 1.13) 0.04 1.23 (0.79-1.88) 0.06
Preoperative VAS (back) 0.29 (-0.56 to 0.98) 0.36 0.71 (0.65-1.46) 0.22
Preoperative VAS (leg) 0.75 (-0.60 to 2.11) 0.75 1.22 (0.91-2.13) 0.34
Preoperative ODI (%) ~0.01 (~0.08 to 0.21) 0.38 1.26 (0.64-2.48) 0.31

“P value less than 0.05; **P value less than 0.01; ***P value less than 0.001.

Traditional preoperative fasting time lasting for at least 8h
and oral feeding on postoperative day 1 may cause metabolic
stress and insulin resistance caused by inflammatory cyto-
kine release and lipid product accumulation in skeletal
muscles and then increase the rate of postoperative com-
plications [31-33]. Therefore, shortening the time of pre-
operative fasting and postoperative eating can decrease
insulin resistance and improve patient comfort [34].
However, research concerning the shortening of postoper-
ative eating time and preoperative fasting time among el-
derly patients with lumbar surgery is lacking, although

studies have indicated that this approach is effective and safe
[35]. Our studies have illustrated that oral carbohydrate
drink 1.5 h before anesthesia induction and early feeding 5h
after surgery are safe and are not associated with the in-
creasing risk of complications in elderly patients.

At present, the treatment for postoperative ileus is pri-
marily divided into four parts: perioperative prevention, tra-
ditional treatment, drug intervention, and surgical treatment
[36]. Traditional treatments, including nasogastric decom-
pression, electrolyte replacement, and early bed movement,
have poor patient compliance and efficacy [37].
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Pharmacological interventions are commonly applied for the
prevention of ileus after abdominal surgery, such as motility
agents and antiemetics, y-receptor antagonists, and neostig-
mine; however, efficacy of these interventions is also unsat-
istactory [38, 39]. Surgical treatment is only suitable for severe
complications caused by intestinal obstruction, such as is-
chemia or bowel perforation. Therefore, postoperative pre-
vention is crucial in the management of postoperative ileus.

ERAS protocol decreases postoperative ileus rate
through multiple mechanisms. Preoperatively, patients
are allowed to drink clear fluids prior to surgery up to 2h
in this protocol, which prevents prior-surgery dehydra-
tion and allows the intake of preoperative carbohydrate.
As reported by Varadhan and Lobo, fluid overload is
related to increased bowel edema rates, which leads to
ileus [31]. However, maintaining adequate tissue perfu-
sion and intravascular volume is necessary [40]. Thus,
fluid administration protocol ERAS aims to maintain
intravascular volume and mitigate risks. In our cohort, a
significant decrease of intraoperative intravenous fluid
(IVF) administration was found in ERAS patients com-
pared with controls. Moreover, the standard hourly vol-
ume of IVFs in ERAS patients was decreased drastically.
Intraoperatively, we have discovered that the use of
sufentanil is associated with the increasing rates of ileus
[35]. Sufentanil is known for its inhibitory effects on
peristalsis of the gastrointestinal smooth muscle and in-
testinal motility in rats. In addition, narcotics could ac-
tivate y-opioid receptors and cause gut motility inhibition,
leading to increased ileus rates. Thus, decreasing the use of
narcotics plays a vital role in reducing ileus rates. As
shown in considerable research, chewing gum is an effi-
cient way to reduce postoperative ileus in the postoper-
ative stage [32]. In our study, the patients in the ERAS
group were allowed to chew gums after surgery, which is
considered a crucial factor for the significantly decreased
rate of ileus in ERAS patients. In the ERAS regimen,
chewing gum is a form of sham feeding that can stimulate
human intestinal motility [41]. Several possible physio-
logical mechanisms are identified: first, chewing gum
stimulates the oropharyngeal chemical mechanorecep-
tors, activates the cephalovagal pathway, and increases the
secretion of gastrointestinal hormones such as motilin,
gastric acid, gastrin, and pepsinogen, thus promoting
gastrointestinal motility [42, 43]. Second, mastication can
stimulate the vagus pathway and increase the release of
acetylcholine transmitters, which then bind to nicotine
receptors of inflammatory cells, thereby reducing the
release of proinflammatory factors and promoting the
recovery of gastrointestinal motility [44].

Our results suggest that the ERAS regimen promotes
recovery of intestinal function after lumbar surgery in el-
derly patients, with a significantly accelerated time of first
flatus and first defecation. Compared with abdominal sur-
gery, patients in both groups showed significantly better
bowel movement. These findings can be explained as follows:
first, the operative time of lumbar fusion is relatively short
(less than 3h). Second, the intestinal tract is almost unin-
terfered during posterior lumbar surgery.

5. Conclusions

This study shows the potential application of a practical
ERAS protocol in elderly patients after discectomy, which
has been proven to decrease LOS and postoperative ileus rate
in elderly patients. Further studies with modified approaches
are required to improve adherence to the outcomes.
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Objective. This present study aimed to explore the clinical effects of a novel capsule lumbar interbody fusion (CLIF) on foot drop
due to lumbar degenerative diseases. Methods. Between June 2018 and January 2019, a total of 27 patients admitted to our
department with lumbar degenerative diseases with associated foot drop were prospectively enrolled. Given the selection of
surgical technique, patients were divided into traditional TLIF group and CLIF group. We assessed patients’ neurological status
using JOA and VAS score, tibialis anterior muscle strength using MMT score, diameter and hemodynamic parameters of the L5
nerve root using intraoperative ultrasonography (IoUS), and related radiological parameters of the lumbar spine. Operation time,
blood loss, and surgery-associated complications were also recorded. Results. The median duration of follow-up was 150 (6-1460)
months. At the final follow-up, all patients acquired satisfactory improvement of neurological function. However, patients in the
CLIF group showed better early recovery of foot drop three months after operation than those in the TLIF group, with 75%
excellent rate. In addition, IoUS suggested that the diameter and hemodynamic parameters of the L5 nerve root were improved
better in the CLIF group, which may suggest the correlation between the recovery of foot drop and the status of L5 nerve root. No
severe complications were encountered with CLIF. Conclusions. Our preliminary study revealed that the axial tension of L5 nerve
root may be involved in the pathological mechanism of foot drop. The novel technique of CLIF can shorten the lumbar spine and
can be effective and safe for the treatment of foot drop due to lumbar degeneration-related diseases.

1. Introduction

Foot drop has typically been denoted as a condition with
paralyzed or weak tibialis anterior (TA) muscles and even
dysfunctional motor function. Patients with foot drop fre-
quently experience stumble or even fall during walking [1].
In fact, foot drop resulting from spinal diseases is not rare in
spine-related clinical practice [2]. However, among the
massive spinal causes for foot drop, lumbar degenerative
diseases (LDD) are the most common [3]. In addition, those
patients frequently exhibit lumbar disc herniation (LDH)
and lumbar spinal stenosis (LSS), with the L4/5 spinal level
being the most affected [4].

LDD-mediated foot drop is an entity significantly dif-
ferent from that of peripheral neuropathy. Although

previous studies have described the manifestations of foot
drop and its clinical treatments, the clinical recovery of foot
drop caused by LDD remains unsatisfactory [5]. Previous
studies focused too much on the effects of factors such as
duration of palsy and preoperative TA muscle strength on
the recovery of foot drop [4-6]. However, disputation still
exists. Our previous study found that impairment caused by
axial traction of the lumbar nerve root may be another major
contributor to symptoms including pain, numbness, and
weakness of low extremities in patients with LDD and
recommended that the decompression of the lumbar spine
should not only include the management of the surrounding
compression (herniated disc or narrow intervertebral fo-
ramina) of the neural elements but also include the release of
the axial tension of the nerve root [7, 8]. However, whether
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the release of the lumbar nerve root is effective to the re-
covery of foot drop remains unknown.

Hence, in this present study, the technique of CLIF was
designed to reduce of the axial tension of the neural elements
in the lumbar spine, which essentially means rod com-
pression before inserting the interbody fusion cage com-
bined with spine shortening. This present study aimed to
investigate the effects of CLIF on the recovery of foot drop
caused by LDD.

2. Methods and Materials

2.1. Patients’ Population. We conducted a single-centered,
prospective, observational study with patients who had
LDD, associated with foot drop, from June 2018 to January
2019 in the Spine Center of Changzheng Hospital, Shanghai,
China. All the enrolled patients had complete medical
records, including X-ray and magnetic resonance imaging
(MRI).

All patients were indicated for surgery due to severe LSS
with/without LDH. Patients would be excluded if they had
concomitant other diseases causing foot drop such as tumor
[9], trauma [2], disc herniation at cervical or thoracic spine
[2, 10], or inflammation-related diseases such as multiple
sclerosis [11]; if they had peripheral neuropathy (peroneal
neuropathy) due to external compression, nerve entrap-
ment, iatrogenic factors, weight loss, and diabetes [12, 13]; if
they had previous spine surgery; or if they had incomplete
medical data during the follow-up. In addition, considering
the major contribution of L5 nerve to foot drop, all patients
enrolled in this study had surgery levels including L4/5 level.

This study was performed in accordance with the
principles of the Declaration of Helsinki and was also ap-
proved by the Ethics Committee of our hospital.

2.2. Selection of Surgical Technique. We designed a pro-
spective, observational study enrolling patients with di-
agnosis of foot drop due to lumbar degenerative diseases.
The study period was determined from June 2018 to Jan-
uary 2019. All the patients with foot drop resulting from
LDD referred to our clinic during this period would be
recruited, and a total of 27 patients were finally enrolled. All
patients enrolled would be informed of the benefits and
potential risks of these two techniques before operation and
came to a consensus to participate in this study. Subse-
quently, patients would be divided into TLIF group and
CLIF group based on the patients” acceptance and doctors’
experience. The duration of follow-up lasts for at least 12
months.

2.3. Surgical Technique. The TLIF surgery has been de-
scribed in detail in previous studies [14, 15]. Here, we
presented a case who required lumbar surgery at L4/5 level
to illustrate the procedure of CLIF. Briefly, under general
endotracheal anesthesia, the patient was placed in a prone
position. Firstly, the surgical segments would be confirmed
(Figure 1(a)). Subsequently, the pedicle screws were inserted
bilaterally in L4-L5 segments. Intraoperative fluoroscopy
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was used to confirm the good position of screws. Next, the
interspinous ligaments between L4 and L5 were resected,
with the preservation of the spinous process for later spine
compression. The necessary facetectomy on the symptom-
atic side was performed to achieve adequate decompression
of the stenosis, and the superior articular process in the
lower vertebra and the inferior articular process in the upper
vertebra on both sides were resected with the pedicle pre-
served to achieve the decompression of the ipsilateral dural
sac and nerve roots and intraoperative ultrasound exami-
nation. In addition, the contralateral facet joint was managed
according to this procedure. Then, the ligamentum flavum
was removed bilaterally.

However, different from traditional TLIF, the fixation
and tightening of the rods (Figures 1(b) and 1(c)) were
performed prior to the placement of the cage followed by
necessary discectomy and removal of the cartilage endplate
(Figure 1(d)). Notably, slow compression to the operated
segment was also performed prior to the insertion of the
cage but after the fixation of the rods (Figure 1(e)). Then, a
nerve probe was used to evaluate the tension of the nerve
root followed by the insertion of the cage (Figure 1(f)).
With regard to cage size, a test module would be used prior
to cage being implanted into the L4/5 intervertebral space.
The surgeon must make sure that the spinous process gap
and intervertebral space were appropriately shortened, and
the nerve root was loosened. The whole concept of CLIF is
illustrated in Figure 1 (Figures 1(g)-1(i)). An intra-
operative ultrasound was used to evaluate the condition of
the nerve root before and after spine shortening. Patients
were suggested to wear a waist support for 12 weeks after
surgery.

2.4. Clinical and Radiological Examination. The neurological
function of patients was assessed using the Japanese Or-
thopaedic Association (JOA) score, and the pain symptoms
were assessed by the visual analogue scale (VAS score).
Other parameters including operation duration time,
intraoperative blood loss, and surgery-associated compli-
cations were also recorded.

All patients accepted X-rays, MRI, and/or CT before
operation. Considering the surgical levels of all patients with
foot drop in this study involved L4/5, we chose the height of
intervertebral space (HIS), foraminal height (FH), foraminal
area (FA), and segmental lordosis (SL) at the level as the
research parameters (Figure 2) [8].

The HIS was defined as the distance between the mid-
points of cephalic and caudal endplate of the intervertebral
space, which was used to evaluate the effect of spine
shortening [16]. FH denoted the maximum distance between
the lower margin of the superior pedicle and upper margin
of the inferior pedicle [8]. FA was determined as illustrated
in Figure 2. These two parameters were used to evaluate the
potential compression of spine shortening on the nerve root
at intervertebral foramina. SL was defined as the angle
between the lines parallel to the inferior endplate and the
superior endplate of the index disc, which was used to assess
the lumbar alignment [8].
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FIGURE 1: Representative intraoperative images of CLIF: (a) position of surgical segment; (b) insertion of ipsilateral pedicle screws and rods;
(c) insertion of contralateral pedicle screws and rods; (d) removal of the disc tissue and partial cartilage endplate; (e) slow axial compression
of the operated segment; (f) insertion of the intervertebral cage; (g) insertion of the pedicle screws; (h) installation of the rods prior to the
placement of cages; and (i) axial compression of the segment after insertion of the cage. CLIF: transforaminal lumbar interbody fusion with

spine shortening.

2.5. Evaluation of Nerve Root Using Intraoperative Ultraso-
nography (IoUS). ToUS has been previously used in spine
surgery, including disc herniations, spinal stenosis, and
pedicle screw instrumentation, due to its clear definition of
normal structures and pathologic lesions [17, 18]. As re-
ported previously, when the nerve root was pulled axially,
the diameter and blood flow volume would decrease [19].
Therefore, IoUS was firstly used to evaluate the effect of CLIF
with spine shortening on the axial tension of neural elements

via changes of the diameter and blood flow volume of the L5
nerve root in this present study.

Figure 3 shows the details of IoUS measurement before
and after shortening. Briefly, IoUS was performed using a
water-path imaging technique to investigate the hemody-
namic parameters of the L5 nerve root using a digital echo
camera (APL10 300 TUS-A300, Prosound al0; TOSHIBA
Medical Co., Tokyo, Japan) after resection of the spinous
process, lamina, and ligamentum flavum and a 3.5-11 MHz
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FiGure 2: Illustration of the radiological measurement based on X-rays. FH: foraminal height; DH: disc height; FA: foraminal area; SL:

segmental lordosis.
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F1Gure 3: Illustration of the utility of IoUS during operation: (a) measurement of the condition of L5 nerve root before spine shortening; (b)
slow spine compression; (c) measurement of the condition of L5 nerve root after spine shortening; (d) sagittal view of the affected segment
before compression; (e) sagittal view of slow spine compression; and (f) sagittal view of cage insertion.

linear array transducer before spine shortening
(Figure 3(a)). The ultrasound transducer was directed per-
pendicular to the horizontal plane as much as possible to
obtain an accurate axial section of the exiting part of L5
nerve root and was stabilized for several seconds to prevent
motion blur in the video (Figure 3(a)). After spine short-
ening, the dynamics of the L5 nerve root was measured again

(Figures 3(b) and 3(c)), and the hemodynamic parameters of
the L5 nerve root would be acquired before and after spine
shortening. The sagittal view is shown in Figure 3
(Figures 3(d)-3(f)). In addition, to obtain the blood vol-
ume of L5 nerve root, a radiocontrast agent (sulfur hexa-
fluoride) was used. After injection of sulfur hexafluoride, the
timer would be initiated. Subsequently, the time duration
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and the slope ratio of time curve before the radiocontrast
agent reached the peak, as well as the value of the peak would
be recorded before and after spine shortening, respectively.
The curve indicated the concentration changes of the
radiocontrast agent over time, and the faster the curve in-
creased, the more the blood flow volume.

2.6. Diagnosis and Evaluation of Foot Drop. The foot drop
was diagnosed mainly based on the tibialis anterior (TA)
strength and medical history, and the manual muscle test
(MMT) was utilized to assess the muscle strength of TA [2].
In this study, foot drop would be diagnosed when muscle
strength of TA was below or equal to 3 (out of 5) [2]. The
symptoms duration of foot drop was defined as a period
from onset of stumbling or weakness of ankle dorsiflexion to
surgery. The previous study has indicated that the optimal
time for improving foot drop after surgical intervention was
6 weeks, and thus in this study, we evaluated the patients’
recovery at preoperation, six weeks after operation, and one
year after operation [19].

The recovery grade of foot drop ranged from “excellent”
to “poor” based on the postoperative MMT score of TA [2].
Excellent denotes that the MMT score was grade 4 or 5; good
denotes grade 3; fair denotes improvement but still below 3;
and poor indicates no any recovery until the last follow-up
[2]. We also evaluated the recovery rate of TA muscle
strength: (grade at the last follow-up — grade before oper-
ation)/(5 — grade before operation) x 100% [2]. Grade 3 was
considered grade 2.5 in this study.

2.7. Statistics Analysis. Statistical analysis was carried out
using GraphPad Prism 9 (GraphPad Software Inc, La Jolla,
CA). Data in this present study were presented as the median
value. The Mann-Whitney U test was used to detect the
statistical differences of demographic parameters (patients’
age, symptoms duration, intraoperative blood loss, and
operation time), radiological outcomes (HIS, FH, FA, and
SL), IoUS parameters, and clinical scores (JOA score and
VAS score) between the two groups, and intragroup com-
parison was conducted via the Wilcoxon signed rank test.
Fisher’s exact test was used to compare the gender, clinical
tests, surgical segments, and comorbidities between the two
groups. To further explore the relationship between foot
drop and L5 nerve root, we performed the correlation
analysis. Values that were less than 0.05 (p<0.05) were
considered statistical significance.

3. Results

There were 15 patients in the TLIF group (3 females and 12
males) and 12 in the CLIF group (3 females and 9 males)
(p>0.999). The median age of patients in the TLIF group
was 43 (27-60) years, not statistically different from those in
the CLIF group, 46 (26-69) years (p = 0.895). There were no
statistical differences between these two groups with regard
to duration of symptoms/foot drop, surgical segments,
intraoperative blood loss, and operation time (all p > 0.05)
(Table 1).

Table 2 shows the clinical scores of patients in the TLIF
group and CLIF group. No significant differences were
observed regarding patients scores, including JOA score and
VAS score at preoperation, three months after operation,
and the final follow-up (all p > 0.05). At the final follow-up,
all patients in this present study acquired satisfactory re-
covery regarding VAS and JOA scores (both p <0.05). In
terms of the MMT score, all patients acquired improvement
after operation. However, patients in the CLIF group
exhibited better early recovery of foot drop, as indicated by
the MMT score and its recovery rate at three months after
operation (p = 0.025). At the final follow-up of one year,
almost all patients reported satisfactory recovery of MMT
score, without statistical difference between the two groups
(p =0.065). No surgery-related complications were ob-
served perioperatively.

In order to investigate the effects of spine shortening,
we firstly analyzed the radiological changes at surgical
segment. Considering the major contribution of L5 nerve
to foot drop, the surgical levels at L4/5 were chosen. We
evaluated the changes of HIS, FH, FA, and SL at this level.
As shown in Table 3, the HIS of L4/5 for patients in the
CLIF group was decreased in comparison with preopera-
tion and that of patients in the TLIF group postoperatively
(both p <0.05), which indicated the surgical segment was
shortened after operation, and we believed this was the
major reason for the satisfactory recovery of foot drop in
this present study. We further evaluated the changes of
morphology of intervertebral foramina at L4/5 and found
that the FH and FA in the CLIF group were slightly lower
compared with the TLIF group but without statistical
differences (both p>0.05). In fact, during CLIF or TLIF,
the bilateral intervertebral foramina decompression was
frequently carried out in order to avoid the stenosed fo-
ramina after operation, which may result in this result. In
addition, no statistical difference was detected regarding SL
between the two groups before (p>0.999) and after op-
eration (p = 0.952).

In addition, we evaluated the condition of the L5 nerve
root using IoUS. As shown in Table 4, the median diameter
of L5 nerve root after decompression in two groups was both
improved compared with preoperation (both p <0.05).
However, patients in the CLIF group had a higher increase of
diameter than those in the TLIF group (p < 0.05). We further
analyzed blood flow volume of the focal L5 nerve root at
surgical level and found that the postoperative time interval
before peaking in the CLIF group was significantly shorter
than that of the TLIF group (20.8 vs. 27.8) (p = 0.019). In
addition, the postoperative peak value of L5 nerve root in the
TILIF-SS group was higher than that in the TLIF group
(4.8x107° vs. 3.7 x107°) (p = 0.002).

Correlation analysis showed that both the preoperative
time interval before peaking (r=-0.8712, p <0.001) and the
peak value (r=0.9304, p <0.001) were negatively and pos-
itively related with the preoperative MMT score, respec-
tively, which indicated the potential contribution of L5 nerve
root injury to foot drop (Figures 4(a) and 4(b)). In addition,
the recovery rate of MMT score at three months after op-
eration also correlated positively with the changes of time
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TaBLE 1: Clinical characteristics of patients in the TLIF group and CLIF group.
Parameters Total TLIF CLIF p
Age (years, median (range)) 46 (26-69) 43 (27-60) 46 (26-69) 0.895
Gender (N, female/male) 6/21 3/12 3/9 >0.999
Duration of symptoms (months, median (range)) 12 (0.3-120) 12 (0.3-120) 10 (0.3-120) 0.837
Duration of foot drop (days, median (range)) 150 (6-1460) 182 (6-365) 105 (7-1460) 0.761
Intraoperative parameters
Operation time, (mins, median (range)) 120 (75-260) 120 (75-230) 155 (100-260) 0.390
Blood loss (ml, median (range)) 200 (50-1000) 100 (50-1000) 200 (50-600) 0.397
Surgical segments
1 level 16 9 7
2 levels 9 5 4
4 levels 2 1 1
Duration of follow-up (months, median (range)) 19 (13-28) 3-27) 19.5 (14-28) 0.513
TaBLE 2: Clinical evaluation of patients in the TLIF group and CLIF group.
Parameters (median (range)) Total TLIF CLIF p value
Pre
VAS 3 (0-5) 3 (0-5) 3 (0-5) 0.511
JOA 16 (15-21) 16 (15-21) 15.5 (15-18) 0.211
3 months after operation
VAS 1 (0-3)* 1 (0-3)* 1.5 (0-3) 0.799
JOA 20 (18-23)* 20 (18-23)* 20 (18-21)* 0.530
Final follow-up
VAS 0 (0-1)* 0 (0-1)* 0 (0-2)* 0.281
JOA 24 (20-26)* 25 (20-26)* 24 (22-26)* 0.448
Muscle strength of TA
Pre. muscle 2 (0-3) 2 (0-3) 2 (0-3) 0.989
3 months after operation 4 (1-5)* 3 (1-4)* 4 (3-5)* 0.025
Recovery rate (%) 50 (20-75) 33 (20-60) 55 (33-100) 0.008
Final follow-up 5 (3-5)* 4 (3-5)* 5 (4-5)* 0.065
Recovery rate (%) 100 (50-100) 75 (50-100) 100 (50-100) 0.058

*indicates a statistical difference of the parameter at different time points after surgery compared with that at preoperation. JOA: Japanese Orthopaedic

Association; VAS: visual analogue scale.

TaBLE 3: Radiological results of patients in the TLIF group and CLIF group.

Parameters (median (range)) TLIF CLIF p value
Pre 9.3 (7.6-10.3) 9.5 (8.9-11.5) 0.315

HIS (mm) Post 9.8 (8.6-10.8) 7.4 (6.6-9.2) <0.001
Change 1.0 (0.3-1.7) 1.9 (1.4-2.3) 0.249

Pre 18.6 (11.6-23.7) 19.8 (13.5-22.9) 0.508

FH (mm) Post 19.8 (12.5-24.6) 17.7 (12.4-19.4) 0.051
Change 0.9 (0.2-1.2) 2 (1.1-3.5) 0.585

Pre 149.4 (134.2-160.2) 150.1 (139.2-161.4) 0.581

FA (rnmz) Post 190.6 (179.5-205.7) 187.1 (179.1-198.2) 0.057
Change 43.4 (32.0-55.8) 37.2 (27.9-47.8) 0.004

Pre 7.5 (0.9-9.3) 7.1 (1.2-9.1) >0.999

SL () Post 7.8 (2.5-10.3) 8.0 (2.4-9.4) 0.952
Change 0.7 (0.1-1.6) 0.6 (0.08-1.2) 0.523

HIS: height of intervertebral space; FH: foraminal height; FA: foraminal area; SL: segmental lordosis.
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TaBLE 4: IoUS parameters of L5 nerve root before and after surgery in the TLIF group and CLIF group.
Parameters (median (range)) TLIF CLIF p value
Pre 1.5 (1.3-1.6) 1.4 (1.3-1.6) 0.933
Diameter of L5 nerve root, mm Post 1.6 (1.5-2.0)* 2.0 (1.9-2.2)* <0.001
Change 0.2 (0.1-0.7)) 0.6 (0.5-0.7) <0.001
Pre 37.1 (30.3-41.9) 37.5 (28.7-43.4) >0.999
Time interval before peaking (s) Post 27.8 (20.9-34.8)* 20.8 (14.9-30.2)* 0.019
Change 8.6 (2.6-16.1) 12.7 (7.3-21.9) 0.038
Pre 3.1 (1.6-3.5) 2.7 (1.5-3.6) 0.492
Peak value of L5 nerve root (x107°) Post 3.7 (1.9-4.7)* 4.8 (3.5-5.9)* 0.002
Change 0.5 (0.1-1.9) 2.0 (1.0-3.3) <0.001
*indicates a statistical difference of the parameter at different time points after surgery compared with that at preoperation. IoUS: intraoperative
ultrasonography.
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FIGURE 4: Correlations of the MMT score and IoUS parameters (a) before and (b) after operation.

interval before peaking (r=6727, p = 0.0001) and the peak
value (r=0.2603, p = 0.0065) (Figures 4(c) and 4(d)).

3.1. Case Presentation. A 34-year-old female patient with
numbness and pain at her left lower extremity and foot drop
for nearly four months was admitted to our institution.
Physical examination showed she had positive Lasegue sign
of 45°. The MMT score of her left tibialis anterior (TA) was 3
and 5 in her right. Preoperative images indicated that there
was a herniated disc compressing neural elements at her L4/
5 segment, with the loss of lumbar lordosis (Figures 5(a)-
5(c)). A single-level CLIF at L4/5 was given (Figure 5(d)). Six
months after operation, the patient had significant im-
provement regarding neurological function with better

lumbar lordosis. More importantly, her dropped foot had
satisfactory recovery, with the MMT score of 5.

Figure 4 shows the IoUS of the patients before and after
spine shortening. Before we compressed the lumber spine,
the diameter of the nerve root and dura mater was 1.5 mm
and 10.1 mm, respectively (Figures 6(a) and 6(b)). The
blood perfusion of the L5 nerve root was also improved
significantly compared with the poor perfusion before
spine shortening (Figures 6(c) and 6(d), white arrow). In
addition, the amplitude of L5 nerve root was also increased
from 1.1mm before spine shortening to 1.6mm after
shortening (Figures 6(e) and 6(f)). These improved IoUS
parameters suggested the patient’s nerve root tension ac-
quired satisfactory axial release via spine shortening.
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FIGURE 5: Images of the case: (a) preoperative lateral X-rays; (b) preoperative sagittal MRI; (c) preoperative axial MRI; and (d) postoperative

lateral X-rays.

()

FIGURE 6: Intraoperative ultrasonography (IoUS) of the case: (a) preoperative diameter of the L5 nerve root (yellow line) and dura mater (red
line); (b) preoperative blood perfusion of the L5 nerve root (white arrow); (c) postoperative diameter of the L5 nerve root (yellow line) and
dura mater (red line); (d) postoperative blood perfusion of the L5 nerve root (white arrow); (e) preoperative amplitude of the L5 nerve root;

and (f) postoperative amplitude of the L5 nerve root.

4. Discussion

Foot drop resulting from LDD has been a hot topic of in-
terest among spine surgeons. Although previous studies
have been investigating the mechanism of LDD-derived foot
drop and related treatments, the results are still disputed.
Anatomically, the TA muscle and extensor hallucis longus
were mainly innervated by the L5 nerve root [5]. Aono et al.
reported that an impairment at the L5 nerve root was the
main contributor to foot drop [1]. In this present study, to
minimize the effects of other potential risk factors, all pa-
tients enrolled presented with lesion involving the L4/5 level.

In addition, to evaluate the changes of the L5 nerve root on
the recovery of foot drop, we firstly introduced IoUS during
operation. Interestingly, the results of this present study
suggested that the severity of foot drop before operation
correlated with the blood volume of L5 nerve root. Addi-
tionally, the recovery of foot drop was also associated with
the changes of the blood volume of L5 nerve root. Therefore,
we in this present study confirmed the vital role of the
function of L5 nerve root in foot drop. However, McCulloch
and Waddell found that except the L5 nerve root, L4 and S1
nerves also innervated certain part of TA based on electrical
stimulation [20]. A study by lizuka et al. also showed that L4
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or S1 was also affected in most of the patients with LDH-
induced foot drop, and they attributed it to a transitional
vertebra, namely lumbarized S1 or sacralized L5 [5].
McCulloch and Waddell ever suggested that the functional
L5 root came from the most caudal lumbosacral segments
[20]. Therefore, we deduced that the function of S1 root may
become more like that of L5 root when there is lumbari-
zation of S1, and that the function of L4 root may become
more like that of L5 root when there is sacralization of L5.
However, it was reported that a lesion in the thoracolumbar
spine (T11-L2) could also cause foot drop, and that foot drop
lesion was located at the epiconus [2]. Therefore, foot drop
may be a multifactorial disease, and our present study only
showed the role of L5 nerve root in foot drop. Further study
is needed to explore the exact mechanism of LDD-derived
foot drop.

Previous studies have investigated the clinical outcomes
of patients with foot drop. However, patients did not acquire
satisfactory recovery in spite of sufficient decompression.
Eysel et al. performed a study of 240 patients with LDH and
found that the postoperative recovery rate was only 40% for
patients with grade 2 paresis [21]. Aono et al. reported that
only 61% patients had various degrees of functional recovery
after lumbar operation, and that 28% had no improvement
[1]. Ghahreman et al. reported that only 41% patients who
underwent surgical decompression acquired full recovery,
with 21% unchanged [22]. A study of Iizuka et al. showed
patients with LDH acquired better recovery than those with
LSS, and the overall recovery rate was 40% [5]. However,
previous studies mainly focused on the routine surgical
decompression [1, 5, 21, 22]. Our previous study found
another ignored impairment caused by axial traction of the
lumbar nerve root may be another major contributor to
lumbar symptoms in patients with LDD [8]. Hence, in this
present study, the technique of CLIF was designed to reduce
the axial tension of the nerve root in the lumbar spine and
the surgical outcomes of CLIF were comparable with those
of TLIF. As shown in the results, despite the improvement of
foot drop in all patients after operation, patients in CLIF
acquired better early recovery compared with those in the
TLIF group, with 75% patients had excellent recovery at
three months after operation. Based on the results above, we
deduced that TLIF with spine shortening may facilitate to
early recovery of foot drop. In fact, early recovery frequently
affects patients’ final recovery. As reported by Ghahreman
et al., the most significant improvement of ankle weakness
occurs within the first 6 weeks, without substantial im-
provement after that [21]. Therefore, promoting early re-
covery of foot drop is significantly important to patients’
long-term prognosis. Notably, no statistical difference was
observed regarding the MMT score at the final follow-up
between the two groups, whereas patients in the CLIF group
seemed to have higher MMT scores, which we deduced may
correlate with the small sample in this present study.

To further confirm the favorable recovery of foot drop in
the CLIF group, we focused on the effect of surgical tech-
niques on the L5 nerve root. The diameter and blood flow
volume of the L5 nerve root were evaluated. As shown in this
study, patients in the CLIF group had a more increased

diameter of L5 nerve root, compared with those in the TLIF
group. In terms of blood flow volume of L5 nerve root, the
time interval before peaking decreased more significantly in
the CLIF group than the TLIF group. In addition, the peak
value of blood flow volume in the CLIF group was also
higher than that in the TLIF group. Collectively, the tech-
nique of CLIF resulted in better function recovery of the L5
nerve root. Furthermore, we also evaluated the changes of
radiological parameters between the two groups and found
that the HIS in the CLIF group was decreased. However, the
procedure of spine shortening did not obviously stenosed
the intervertebral foramina, as indicated by FA and FH. In
fact, during operation, the bilateral decompression was
frequently carried out unconsciously to avoid the stenosed
foramina after operation. Therefore, the technique of CLIF
was feasible and safe.

The prognostic factors for the recovery of foot drop due
to LDD have been reported in several studies, with most risk
factors being symptoms duration and preoperative TA
muscle strength [22, 23]. In this present study, due to the
limitation of sample, we did not make further risk analysis.
However, patients with worse preoperative muscle strength
of TA and longer symptoms duration had relatively bad
recovery, consistent with previous studies [23, 24]. Taken
together, timely treatment facilitates better recovery.
However, it is notable that foot drop is frequently considered
a sign for symptom severity of underlying LDD in clinical
practice, and almost all the published cases received oper-
ation. Therefore, sound and comprehensive evidence in the
selection of surgical or conservative treatments for foot drop
are imperatively required. However, a RCT study demon-
strated the absence of superiority of surgery over conser-
vative therapy in treating LDD-derived foot drop [25].
Resultantly, the selection of surgery should include com-
prehensive evaluation of the LDD and not solely foot drop.
Other clinical examinations, such as neurogenic claudica-
tion, might be also required in selection of conservative of
surgical treatment.

Based on the results above, we deduced that the spine
shortening led to decreased axial tension of the L5 nerve root
and added the decompressive effect from an axial aspect to
traditional decompression via only elimination of the
compressed lesion, which may be the reason of the more
satisfactory recovery of foot drop in the CLIF group.
However, IoUS parameters were still indirect indicators to
evaluate the tension of nerve root; the direct relationship
between axial hypertension of nerve root and foot drop
remains to be studied. An auxiliary instrument which can
directly quantify the axial tension is required.

However, several limitations should be acknowledged
here. First, this present study used both radiological and
intraoperative ultrasonography results in order to reveal the
spine shortening effects of CLIF. In addition, IoUS was firstly
used to evaluate the condition of nerve root in this present
study, which was a preliminary attempt. Therefore, we did
not overstate the cases in regard to the ultrasonic findings at
this time. However, our future study will further focus on the
relationship between intraoperative ultrasonography and
the function of nerve root during spine surgery and validate
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the effectiveness of this method, which may extend the
application of intraoperative ultrasonography. Second, foot
drop is a multifactorial disease, and there may be other types
of stretching of the traversing L5 nerves, rather than axial
stretching only. In fact, this preliminary study was designed
based on the concept that axial stretching of the L5 nerve
root may be another pathogenic factor to evaluate the effect
of axial decompression of nerve root on the recovery of foot
drop, and the encouraging results indicated that CLIF can be
effective and safe for the treatment of foot drop due to
lumbar degenerative diseases. However, our present study
mainly focused on the axial decompression, and more
studies are still required to explore the exact pathogenesis of
foot drop. Third, although we conducted this study pro-
spectively, this present study was inconsistent with the re-
quirements of the RCT trial, and high-quality studies, such
as RCT trial, will be carried out in the future to validate the
outcomes of this study.

5. Conclusion

Axial hypertension of L5 nerve root may be involved in the
pathological mechanism of foot drop, and transforaminal
lumbar interbody fusion with spine shortening (TLIF-SS)
can be effective and safe for the treatment of foot drop due to
lumbar degenerative diseases. However, further studies with
more cases will be required to validate its generalizability
and safety.
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Background. Symptomatic thoracic disc herniation is a challenge in spinal surgery, especially for cases with calcification.
Traditional open operation has a high complication rate. The authors introduced a modified full-endoscopic transforaminal
ventral decompression technique in this study and evaluated its imaging and clinical outcomes. Materials and Methods. Eleven
patients with symptomatic thoracic disc herniation who underwent full-endoscopic transforaminal ventral decompression in a
single medical center were enrolled. The surgical technique was performed as described in detail. Dilator sliding punching,
endoscope-monitored foraminoplasty, and base cutting through the “safe triangle zone” are the key points of the technique.
Clinical outcomes were assessed by the modified Japanese Orthopedic Association (mJOA) score for neurological improvement
and the visual analogy score (VAS) for thoracic and leg pain. The operation time, hospital stay, and complications were also
analyzed. Results. Postoperative magnetic resonance imaging (MRI) revealed good decompression of the spinal cord. The mJOA
improved from 7.4 (range: 5-10) to 10.2 (range: 9-11). Axial thoracic pain improved in 8 of 9 patients. Leg pain and thoracic
radicular pain improved in all patients. No complications were observed. The average operation time was 136 minutes (range:
70-180 minutes). The average length of hospital stay was 5.3 days (range: 2-8 days). Conclusion. Minimally invasive full-en-
doscopic transforaminal ventral decompression for the treatment of symptomatic thoracic disc herniation with or without
calcification is feasible and may be another option for this challenging spine disease.

1. Introduction

Symptomatic thoracic disc herniation (TDH) is a relatively
uncommon entity, constituting less than 1% of all disc
herniations [1]. TDHs often occur in the 4-6™ decade of life
and may present with radiculopathy and/or myelopathy. The
symptoms range from slight back pain to severe intercostal
neuralgia, weakness of the lower extremities, and even bowel
and urine abnormalities [2, 3]. Surgery is reserved for those
patients who are nonresponsive to conservative treatment.

Surgical treatment of TDHs is quite challenging. A
variety of surgical approaches have been developed to treat
TDHs, including transfacet pedicle-sparing [4], trans-
pedicular [5], costotransversectomy [6], and lateral

extracavitary [7]. However, each of these approaches has its
own disadvantages and complications [8].

More recently, percutaneous transforaminal endoscopic
discectomy (PTED) has been developed and achieved ex-
cellent clinical outcomes in the treatment of not only soft
lumbar disc herniations (LDH) [9, 10] but also of calcified
type of lumbar disc herniation [11-13]. However, there are
few reports about endoscopic transforaminal thoracic dis-
cectomy to treat TDH.

In the present study, we introduced a posterolateral full-
endoscopic transforaminal ventral decompression technique
for thoracic disc herniation with or without calcification.
This surgical technique is a modification of PTED for lumbar
disc disease. We used this modified PTED technique to treat
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thoracic disc herniation and achieved good clinical
outcomes.

2. Materials and Methods

This study was approved by the Ethics Committee of the
Hebei General Hospital before data collection and analysis.
It was a retrospective study. The diameter of the endoscope
system was 4.3 mm, with a view angle of 30° and 181 mm
working length through a working channel with an inside
diameter of 6.9mm (SPINENDOS GmbH, Munich,
Germany).

2.1. Clinical Data. Between January 2018 and December
2019, eleven patients with thoracic disc herniation un-
derwent full-endoscopic transforaminal ventral decom-
pression in a single medical center. Seven were male and
four were female, aged 25-72 years (mean: 53 years). Pa-
tients with a history of fracture, infection, or tumors were
excluded. Pathological changes were only or mainly located
in the ventral side of the spinal cord, which was clinically
recognized as the main cause of the symptoms. As con-
firmed by the MRI and CT scan, the pathological changes
included soft disc herniation (2 cases) and calcified disc
herniation (9 cases). Two was located at T9-T10, 3 at T10-
T11, 5 at T11-T12, and 1 at T12-L1. The presenting
symptoms were classified as axial thoracic pain, thoracic
radicular pain, leg pain, and myelopathy (6). The mean
symptom duration was 8.6 months (range 2-18 months).
The clinical characteristics of the patients are given in
Table 1.

2.2. Surgical Technique

2.2.1. Preoperative Preparation and Anesthesia. CT, MRI,
and X-ray examinations were performed before the opera-
tion. The patients needed to simulate the operation position
under the care of the medical staff. There were two advan-
tages: first, the patients could adapt to the position of the
operation in advance to avoid anxiety during the operation.
Second, whether there were neurological deficits in a specific
position could be identified preoperatively. For the operation,
the patient was positioned in a comfortable prone position.
Some soft cushions were used to keep the patients in a
comfortable position and relieve their neurological symp-
toms. The anesthesia regime was local anesthesia combined
with conscious sedation. During this, an electrocardiograph,
blood pressure, respiration, and finger pulse oxygen satura-
tion were monitored. Dexmedetomidine hydrochloride was
pumped at a rate of 0.1-0.5ug/kg/hour. The speed of the
pump was adjusted according to the patient’s surgical tol-
erance, so that the patient was maintained in a sober yet
sedated state. Anesthesiologists took care of the patients
throughout the operation. The local anesthetic was a mixture
of 0.5% lidocaine and 0.25% ropivacaine. The anesthesia area
included the skin, deep fascia, dorsolateral articular process,
and intervertebral foramen. No anesthetic was given directly
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into the spinal canal. This can prevent the spinal cord from
being anesthetized, resulting in serious complications.

2.2.2. Working Port Establishment. First, we located the
puncture trajectory under X-ray fluoroscopy. The puncture
trajectory was consistent with the direction of the inter-
vertebral space. The entry point was located on the medial
side of the highest point of the posterior rib. The distance to
the spinous process was approximately 6-8 cm. A 16G spinal
needle was used for the anesthesia of the skin and the deep
fascia. After making an incision, a hollow dilator with a
diameter of 6.5mm was used for the following puncture
process. A dilator with a blunt tip could reduce the risk of
pleura and spinal cord injury. The punching target was the
lateral side of the articular process. The pinhole in the dilator
can be used to inject anesthetics along the puncture path.
After AP and lateral view were checked by X-ray, the dilator
was slid into the lower part of the intervertebral foramen
(Figures 1 and 2). The working sheath could be introduced
along the dilator. Foraminoplasty and spinal cord decom-
pression were performed subsequently under the endoscopic
view.

2.2.3. Endoscopic Operation. After the soft tissue in the
foramen was removed, the bony anatomical structure of the
intervertebral foramen could be clearly exposed to view.
Foraminoplasty was performed with a high-speed diamond
burr or a Kerrison rongeur (Figure 3). In the foraminoplasty,
the excised bony structure included not only the ventral side
of the superior articular process but also part of the posterior
edge of the vertebral body, even the upper part of the pedicle.
The key point of the foramen foraminoplasty is to increase
the range of motion of the working channel. This modified
foraminoplasty could not only preserve the stable structure
of the spine as much as possible but also expose the ventral
pathology clearly. When the space of the intervertebral
foramen area was ample enough, the working sheath could
be further deepened. There was no extra pressure on the
spinal canal during this process. Forced entry of the working
sheath was forbidden.

After entering the lateral spinal canal, for a soft disc
herniation, discectomy was performed by the “out-in-out”
technique. The fibrous ring was exposed and cut open. The
soft nucleus pulposus in the intervertebral space could be
cleaned. When the space was large enough, the endoscope
and surgical instruments would be inserted. The disc
herniated into the spinal canal could be seen at 12 o’clock in
the field of vision. Discectomy can be achieved by the 30-
degree visual field angle of the endoscope and variable
angle forceps. Central spinal canal decompression can be
achieved by a broad foraminoplasty and working channel
pressed down. However, this technique was only suitable
for soft lesions. In some cases, the pathogenic factor was a
calcified disc, osteophytes, or both. First, the soft disc was
removed as described, and a tough shell remained. Bony
decompression began at the cranial and caudal edge of the
vertebrae, which was the base of the hypertrophic fibrous
ring and osteophyte. We can see the spinal cord was jacked
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TaBLE 1: Summary of the clinical and imaging characteristics of the 8 cases who underwent full-endoscopic transforaminal ventral

decompression surgery.

No. of patients Gender Age (years) Location Primary symptoms and duration (months) Soft/calcified
1 Male 59 T11-T12 Axial thoracic pain (12), thoracic radicular pain (7) Soft

2 Male 65 T10-T11 Axial thoracic pain (6), myelopathy (4) Calcified
3 Female 25 T11-T12 Axial thoracic pain (12), thoracic radicular pain (7) Calcified
4 Female 72 T9-T10 Thoracic radicular pain (8), myelopathy (8) Calcified
5 Male 28 T11-T12 Leg pain (6), myelopathy (3) Calcified
6 Female 63 T11-T12 Axial thoracic pain (18), leg pain (4), myelopathy (2) Calcified
7 Male 39 T12-L1 Myelopathy (2) Calcified
8 Male 55 T10-T11 Axial thoracic pain (9), leg pain (2), myelopathy (2) Calcified
9 Male 68 T11-T12 Axial thoracic pain (14), myelopathy (3) Calcified
10 Female 71 T9-T10 Axial thoracic pain (6), thoracic radicular pain (1) Calcified
11 Male 42 T10-T11 Myelopathy (2) Soft

FiGure 1: Images of X-ray fluoroscopy showing the dilator punching procedure: a dilator with blunt tip located on the lateral side of the
articular process (a). The dilator slid into the lower part of the intervertebral foramen (b).

(b)

FiGure 2: The dilator is located at the lower part of the intervertebral foramen, as can be checked on the lateral X-ray fluoroscopy (a) and

anteroposterior X-ray fluoroscopy (b).

up at the distal side of the calcification. Epidural fat is filled
in this area. After exposure and hemostasis, we could say a
space between the spinal cord and calcification. The space
was safe for manipulation, and it was named the “safe
triangle zone” by our team (Figure 4). The three sides of the
triangle were calcification, spinal cord, and posterior wall of
the vertebral body. The tools could operate in this area
without touching the spinal cord. After the base was

disrupted by the high-speed diamond burr, the hump could
be cut off piece by piece. Whether the posterior longitu-
dinal ligament needed to be removed was dependent on the
rate of dural sac relaxation. Adequate decompression
should be the first aim of the surgery (Figure 5). The op-
eration is over after careful hemostasis. No drainage system
was applied. Patient feedback is essential throughout the
entire operation.
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Cranial

Figure 3: Endoscopic foraminoplasty by the high-speed diamond burr (a) and Kerrison rongeur (b). —» The articular process, A the

ligamentum flavum, and the B thoracic disc.

(b)

FiGure 5: The decompressed central spinal canal (a) and lateral spinal canal under endoscopic view (b) —» showing the spinal cord and

A intervertebral space.

2.2.4. Postoperative Outcome Evaluation. MRI was used as
the radiological assessment, which was performed within 2
days after the operation as well as during the follow-up if
necessary (Figure 6). The neurological outcome was assessed
using the modified Japanese Orthopedic Association
(mJOA) score (11 points) [14]. The degree of axial/radicular
thoracic and leg pain was assessed using the visual analogy

score (VAS). The operation time and the length of hospital
stay were also recorded. The operation time was defined as
the time from puncture to suturing. It did not include the
time of the operative positioning or the operation target
locating. The hospital stay for rehabilitation and physical
therapy for patients with myelopathy was not reckoned in
the length of hospital stay.
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FIGURE 6: Preoperative MRI (a) and CT (b) scan showing spinal cord compression by calcified disc herniation and posterior vertebral
osteophyte at T11-T12 (case 3). Postoperative MRI (c) and CT scan (d) showing sufficient decompression of the spinal cord and the calcified
disc was cut off clearly. MRI at the 3-month follow-up (e) showing the spinal cord surrounded by cerebrospinal fluid.

3. Results

All patients in this study successfully underwent surgery as
described. Follow-up was available for all of the patients, and
it ranged from 13 months to 24 months (average: 15
months). Postoperative MRI imaging revealed good de-
compression of the spinal cord in all 11 patients.

Intraoperative blood loss was not measured due to
continuous fluid irrigation. However, no patient required any
intra or postoperative blood transfusion. There were no se-
rious complications such as nerve injury, infection, or he-
matoma. The average operation time was 136 minutes (range:
70-180 minutes). The average length of hospital stay was 5.3
days (range: 2-8 days). The mJOA improved from 7.4
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TaBLE 2: Operative data, length of hospital stay, and pre and postoperative mJOA and VAS assessed at the last follow-up.

Leg or thoracic

No. of patients ~ Operation time (mins) Hospital stay (days) mjOA Axial VAS radicular VAS
Pre-op  Post-op  Pre-op  Post-op  Pre-op  Post-op
1 70 7 10 11 4 1 6 0
2 160 5 6 10 3 1 0 0
3 120 7 9 11 3 3 6 2
4 95 7 6 9 0 2 3 0
5 180 8 8 10 0 0 5 0
6 180 8 5 9 2 2 3 1
7 80 4 7 9 0 0 0 0
8 170 4 9 11 3 2 2 0
9 160 3 6 10 4 1 3 2
10 130 2 8 11 2 0 3 0
11 150 3 7 11 2 0 3 0

(range 5-10) preoperatively to 10.2 (range 9-11) at the last
follow-up. Axial thoracic pain improved in 8 of 9 patients
with this symptom. Leg pain and thoracic radicular pain
improved in all of the patients with this symptom (Table 2).

4. Discussion

Because of the underlying anatomy, ventral decompres-
sion of the thoracic spinal canal is a technical challenge.
Open decompression inflicts great trauma, has a high rate
of complications, and possibly requires additional internal
fixation [4, 7, 8]. With the improvement of minimally
invasive surgery, video-assisted thoracoscopic surgery,
microendoscopic surgery, and full-endoscopic surgery
have achieved satisfactory clinical outcomes and fewer
complications in the treatment of TDH [15-17]. In this
retrospective clinical study, we introduced a modified full-
endoscopic ventral decompression technique for TDH.
The imaging and clinical results were satisfactory. Post-
operative MRI imaging in all cases showed sufficient
decompression of the spinal cord. MRI also showed the
presence of cerebrospinal fluid between the spinal cord
and the dura. mJOA and VAS were improved in all cases
except 1 case of axial thoracic pain. Similar surgical
techniques and findings have been presented in some
previous reports [18-22].

We have made some modifications to the previously
reported transforaminal endoscopic ventral decompression
techniques. In the punching procedure, we used a dilator
downward sliding technology instead of the needle targeting
puncture technique to avoid neurovascular injury and
pleural injury. Pulmonary complications are one of the
troublesome complications of thoracic spine surgeries.
Entering the thoracic cavity is the immediate cause, which is
more likely to occur in the anterior approach [23, 24].
Although no such complication has been reported for
transforaminal endoscopic surgery, we believe that this
potential risk exists.

In the foraminoplasty procedure, we used a high-speed
diamond burr and a Kerrison rongeur under an endoscopic
view instead of a circular saw or bone drill under fluo-
roscopy to avoid spinal cord injury and to preserve the

stability of the spinal posterior column as much as possible.
Hua et al. applied this similar technique in lumbar surgery.
The neurological complication rate was 1.4%, which is
much lower than for traditional PTED surgery (12.4%) [25].
In the establishment of the working channel procedure, we
used the “step-by-step” technique instead of the “one-step”
technique [19, 21] to avoid any iatrogenic pressure on the
spinal canal during the working channel insertion. Wagner
et al. applied this working channel establishing technique to
a 31-year-old female with T8-9 disc herniation. The im-
aging and clinical outcomes were excellent [20]. We also
reported the sequence applied for endoscopic decom-
pression. Rutten et al. reported a similar technique called
“box-shaped” [26]. However, there are some differences.
First, for central calcified discs, it is difficult to resect the
base directly with the burr because of the obstruction of the
spinal cord. A strong pair of forceps needs to reach the safe
triangle zone to complete the bone resection. Second, clear
exposure of the safe triangle zone before bone resection can
help us accurately judge the boundary of resection and the
distance from the spinal cord. As far as we know, this is the
first time anyone has described the concept of the “safe
triangle zone.”

The clinical outcomes in this trial are similar to those in
previous reports. Guo et al. reported 6 cases of symptomatic
TDH. The mJOA improved from 4.4 preoperatively to 6.6
one year after surgery [19]. Choi et al. presented a mean VAS
improvement from 6.5 to 3.0 for back pain and 5.8 to 2.5 for
leg pain. However, only patients with soft disc herniations
were included [27]. Rutten et al. reported a 20% (5/25) rate
of complications including 1 dural tear, 1 epidural hema-
toma, 2 transient intercostal neuralgias, and 1 deterioration
of myelopathy [28]. In our previous research on the en-
doscopic surgery for thoracic OLF, we found complications
such as neck pain and dural tear [29]. However, no com-
plication was observed in this study or in Choi and Guo’s.
This may be due to the small sample size.

Because of the low incidence rate of TDH, this study is
limited by its small sample size. It is not sufficient to show
that this method is a safe and effective surgical technique.
Larger controlled studies are warranted. Long-term follow-
up and analysis will be required in the future.
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5. Conclusion

Full-endoscopic transforaminal ventral decompression for
the treatment of symptomatic thoracic disc herniation with
or without calcification is feasible and may be another option
for this challenging spine disease.
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Objectives. Scheuermann’s kyphosis can cause severe back pain and cosmetic disorders to patients. Previous studies on surgical
procedure selection for correction of Scheuermann’s kyphosis have drawn controversial conclusions. Here, a meta-analysis was
performed to figure out a better way between anterior-posterior (AP) combined procedures and posterior-only (PO) procedures.
Methods. We searched PubMed database and Ovid database, as well as Cochrane Library (between January 2009 and December 2020,
around recent ten years), for studies reporting Scheuermann’s kyphosis correction in an anterior way or a posterior way. Random
effects meta-analysis regarding correction degrees and incidence of proximal junctional kyphosis (PJK) was performed. Results.
Finally, 13 unique studies including 586 patients (AP: 300; PO: 286) were identified and included for this meta-analysis. Overall, 6 AP
cohorts and 10 PO cohorts were pooled regarding the correction degrees of kyphosis in the analysis, respectively. Pooled correction
degrees in AP cohorts were 33.31 (95% CI: 27.48-39.15; I>=86%, P <0.001) and in PO cohorts were 31.16 (95% CI: 26.97-35.35;
I>=81.1%, P <0.001). Comparison of correction between AP and PO cohorts did not indicate any significant difference. Likewise,
postoperative PJK incidence showed no difference. Back pain can be caused by both AP and PO procedures, but which causes less
pain remains to be conclusive. The PO approach showed less blood loss and shorter surgical duration as compared to the AP
approach. Conclusions. In summary, this meta-analysis shows similar treatment effects between AP and PO procedures in correcting
Scheuermann’s kyphosis, suggesting the advantage of PO procedures due to less blood loss and surgical duration. However, the
postoperative complications PJK and distal junctional kyphosis (DJK) cannot be well concluded due to the limitation of existing data.

1. Introduction

Scheuermann’s kyphosis (SK) is a rigid developmental
thoracic kyphosis, which can cause severe back pain and
cosmetic disorders to patients [1, 2]. Although conservative
treatment measures are initially applied, surgical treatment
is indicated for kyphosis that is over 70-75 degrees, with
significant pain that has not responded to conservative
management, and/or respiratory problems due to severe
kyphosis, and neurological issues [3-5]. The surgical
treatment consists of two different ways; one is the combined
anterior-posterior approach (AP) and the other is a pos-
terior-only way (PO), with various types of anchors [6, 7].

However, previous studies on surgical procedure se-
lection for correction of SK have drawn contradictory
conclusions. It was reported that a sufficient correction can
be achieved by the PO approach, but the AP approach was

more likely to get into a satisfying correction [8]. By contrast,
a comparative study reported that the PO approach was
more successful with a lower incidence of complications, as
compared to the AP approach [9]. Interestingly, Koller et al.
[10] found that both approaches achieved similar degrees of
correction with higher fusion level in the PO group, after
comparing the AP with PO procedures in correcting
kyphosis.

Considering the controversy stated above, in this study, a
meta-analysis was performed in order to figure out a better
way between AP and PO procedures in treating SK patients.

2. Materials and Methods

2.1. Ethical Statement. The ethical approval was waived
because all analyses were based on previously published
studies.
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2.2. Literature Search. We searched PubMed database and
Ovid database, as well as Cochrane Library (between January
2009 and December 2020, around recent ten years), for
studies reporting SK correction in an anterior way or a
posterior way. Articles should be written and published in
English. Literature search for studies of interest should
include the following terms: (1) Scheuermann’s kyphosis
AND posterior fusion or (2) Scheuermann’s kyphosis AND
anterior fusion.

2.3. Inclusion Criteria. All included studies should have at
least reported the outcome of kyphosis correction, recruiting
a cohort of Scheuermann’s disease patients who underwent
AP surgery or PO surgery, regardless of comparative or
noncomparative studies. Here, we focus on studies of sur-
gical procedure selection for correction of SK based on the
effect of kyphosis correction.

2.4. Data Extraction. First, all related article titles and ab-
stracts were screened and only original research was in-
cluded. Second, full-length relevant articles were intensively
read and checked in detail. At last, baseline information was
extracted, as well as the raw data regarding follow-up time,
patient age, sex distribution, sample size, Cobb angle, cor-
rection degrees, correction rate, blood loss, surgical dura-
tion, and postoperative complications including proximal
junctional kyphosis (PJK) and distal junctional kyphosis
(DJK).

2.5. Quality Assessment of Included Studies. All included
studies in this meta-analysis were retrospective case-control
studies or observational cohort studies. Thus, New-
castle-Ottawa quality assessment scale (9 points) was suit-
able for quality assessment and used to evaluate the quality
of included studies [11].

2.6. Measures of Treatment Effect. Both continuous and
dichotomous outcomes were generated in this study.
Weighted mean difference (WMD) and 95% confidence
interval (CI) were generated for continuous outcomes. Also,
the odds ratio (OR) and 95% CI were calculated for di-
chotomous outcomes.

2.7. Assessment of Heterogeneity. Distributed as y* statistics,
Q statistics was used to evaluate heterogeneity, with its P
values revealed by the forest plot. The heterogeneity test was
considered statistically significant when P <0.10. Simulta-
neously, I” was used to estimate the size of the heterogeneity.
I*>50% indicated considerable heterogeneity among the
included studies, and then a random effects analysis should
be performed in meta-analysis.

2.8. Test for Risk of Publication Bias. Funnel plot was not
performed to determine risk of publication bias due to the
small number of included studies. Begg’s and Egger’s tests
were used to assess the publication bias.
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2.9. Statistical Analysis. All data analyses were conducted
with software STATA 12.0 (Stata Corporation, College
Station, TX, USA). Random effects meta-analysis regarding
correction degrees and incidence of PJK was performed.
Heterogeneity was assessed by I statistic. P values were set at
0.10 as significant in assessment of heterogeneity, Begg’s test,
and Egger’s test [12, 13]. In the rest of all, P <0.05 was
regarded as statistically significant. All P values were pre-
sented as two-tailed.

3. Results

3.1. Literature Search. As presented in Figure 1, after da-
tabase search, there were 95 relevant papers included in the
first-round literature selection. After study selection, 13
unique studies [4, 6, 10, 14-22] including 586 patients (AP:
300; PO: 286) were identified and included for this meta-
analysis. Overall, 6 AP cohorts and 10 PO cohorts were
pooled regarding the correction degrees of kyphosis in the
analysis, respectively. Three reports were excluded due to
unavailability of raw data [23-25].

3.2. Quality Assessment of Included Studies. A summary of
quality assessment for each included study is shown in
Table 1. Overall, three studies scored 7 points, eight scored 8
points, and two scored 9 points. The methodological quality
of all included studies was found to be relatively high.

3.3. Characteristics of Included Studies. As shown in
Tables 2-4, we extracted baseline information and relevant
raw data regarding follow-up time, patient age, sex distri-
bution, sample size, Cobb angle, correction degrees, cor-
rection rate, blood loss, surgical duration, and postoperative
complications including PJK and DJK. All studies were
retrospective in design. Follow-up time ranged from 22.8
months to 216 months. Patient age was between 11 and
44 + 8 years. Also, most patients were males.

3.4. Pooled Analysis of Kyphosis Correction. As shown in
Figure 2, six studies [6, 10, 16, 19, 21, 22] reported the
correction effect by AP and were pooled into the meta-
analysis. As a result, pooled correction degrees in AP cohorts
were 33.31 (95% CI: 27.48-39.15; I = 86%, P <0.001). Be-
cause the study (Koller et al. [10]) might have recruited in the
AP cohort 46 patients that were included in another study
(Koller et al. [19]), we have revised the pooled analysis of AP
group with the study (Koller et al. [10]) excluded; then the
pooled correction degrees in AP cohorts were 33.45 (95% CI:
25.97-40.92; I* = 88.8%, P <0.001).

As shown in Figure 3, nine studies [5, 6, 10, 14, 17, 21, 22]
reported the correction effect by PO, and one [14] of the
included studies reported two PO cohorts. Thus, totally ten
PO cohorts were pooled into the meta-analysis. Pooled
correction degrees in PO cohorts were 31.16 (95% CI:
26.97-35.35; I’ =81.1%, P <0.001).

As shown in Figure 4, only two studies [10, 21] compared
the correction effect between AP and PO cohorts, and when
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Potentially relevant reports after
identifying initaial literature
N=95

Atrticles assessed for eligibility
N=83

Atrticles assessed for eligibility

N=39

Full-text articles assessed for
availability
N=16

Studies included in meta-analysis
N=13

Studies excluded after
deleting review articles
and case reports
N=12

Studies excluded after
deleting those reported 10
years ago
N=44

After screening titles and

abstracts
N=23

Studies excluded due to
unavailability of raw data
N=3

FIGURE 1: Flow diagram for study selection.

TaBLE 1: Quality assessment of included studies by Newcastle-Ottawa Quality Assessment Scale.
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Dikici et al. [5]
Riouallon et al. [6]
Cobden et al. [4]
Graat et al. [18]
Etemadifar et al. [16]
Faldini et al. [17]
Koller et al. [10]
Koller et al. [19]
Behrbalk et al. [14]
Temponi et al. [21]
Tsutsui et al. [22]
Dasilvaherrero et al. [15]
Koptan et al. [20]
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pooled together for further analysis, the comparison did not
indicate any significant difference (P > 0.05).

Likewise, only two studies [16, 18] compared postop-
erative PJK incidence between AP and PO cohorts, and
pooled analysis of PJK incidence showed no difference, as
shown in Figure 5. Four studies [4, 5, 15, 18] have reported
incidence of distal junctional kyphosis (DJK), but no studies
compared the incidence of postoperative DJK between AP
and PO cohorts. The PJK incidence was reported to range
from 0% to 31%. Also, only two studies [16, 20] have re-
ported the surgical data (blood loss and surgical duration),
and clearly, the PO approach showed less blood loss and
shorter surgical duration as compared to the AP approach.

3.5. Assessment of Pain. As some patients with kyphosis
deformity suffer from back pain, we here also incorporated
the pain assessment based on the available data. Among all
studies included, 4 studies have assessed pain status change
and recorded as visual analogue scale (VAS) score
[6, 18, 20, 21]. Riouallon et al. [6] performed a comparative
study including 131 patients, 79% cases undergoing cor-
rection surgeries because of severe back pain and 21% due
to cosmetic disorders. They followed up 85 patients for
more than one year after surgeries and found that most
patients (81%) did not suffer postoperative back pain but
19% patients still suffered back pain of different degrees.
Graat et al. [18] performed a long-term follow-up of 28
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TaBLE 2: Characteristics of included studies.
. Follow-up Age (yrs) Sex Nq. of
Study Country Study design (months) patients
AP PO AP PO M F AP PO
Dikici et al. [5] Turkey Retrospective — 36 — 18.6+3.4 20 19 — 39
Riouallon et al. [6] France Retrospective 57 57 Overall: 23 +10 81 50 64 67
Cobden et al. [4] Turkey Retrospective — 41 — 19 (15-36) 18 2 — 20
Graat et al. [18] Netherlands Cohort study 216 216 Overall: 44+ 8 — — 16 13
Etemadifar et al. [16] Iran Prospective 69.6 45.6 209+5.3 19.3+2.7 20 10 16 14
Faldini et al. [17] Italy Retrospective — 25.2 — 19.6 (13-24) — — — 20
Koller et al. [10] Germany/US Matched-pair study — — 23.6+11.4  207+104 — — 46 46
Koller et al. [19] Germany Retrospective 24 — 23.6+10.8 — 74 37 111 —
Behrbalk et al. [14] UK Retrospective — >24 — 22+8 8§ 2 — 10
Behrbalk et al. [14] UK Retrospective — >24 — 19+6 10 1 — 11
Temponi et al. [21] Brazil Case-control 37.5 22.8 19 27.3 22 6 19 9
Tsutsui et al. [22] US Retrospective — — 15.1 (13-17) 148 11-19) 13 9 11 11
Dasilvaherrero et al. [15] Brazil Retrospective —  65.8+39.92 — 16.8 +2.89 7 3 — 10
Koptan et al. [20] Egypt Retrospective >24 >24 16+0.7 15+0.6 12 21 17 16
AP, combined anterior-posterior approach; PO, posterior-only approach; OP, operation; M, male; F, female.
TaBLE 3: Kyphosis correction of the patients included in all studies.
Stud Cobb angle (pre-op) Cobb angle (post-op) Correction (degree) Correction rate
u
Y AP PO AP PO AP PO AP PO
Dikici et al. [5] — 73.3+7.9 — 39+8.7 — — — 46% + 13
Riouallon et al. [6] 76 £23 78+13 57+21 61+14 — — — —
Cobden et al. [4] — 79.8 — 449 — — — —
Graat et al. [18] 85 79 62.1 65.6 — — 27% 17%
Etemadifar et al. [16] 83.7+8.1 81.9+9.4 43+7.5 43.2+9.8 42.2 41.8 50.5% 51%
Faldini et al. [17] — 78.6+11.2 — 45.8+4.4 — — — —
Koller et al. [10] 75.9+9.6 78.7+10.1 43.4+123 47.1+11.7 33.7+14.7 306124 — —
Koller et al. [19] 67.2+12.2 — 38.5+14.8 — 28.9+134 — — —
Behrbalk et al. [14] [1] — 72+7 — 43+9 — 29+9 — —
Behrbalk et al. [14] [2] — 78+9 — 44 +8 — 34+6 — —
Temponi et al. [21] 77.6+104 729+12.0 358+8.0 44.3+9.8 41.7+12 28.6+6  53.2+11.9 39.3+7.8
Tsutsui et al. [22] 84.9+10.2 82.7+6.4 48.6+5.7 47.9+54 — — — —
ﬁ;ﬁ‘lvaherrero et al — 78.8+7.59 —  475+12.54 — 33.9+9.53 —  4325%+12.56%
Koptan et al. [20] 79.8 (65-98) (652?)2) — 38.8 (37-45) 45.1 (40-49) 48.7% 52.2%
AP, combined anterior-posterior approach; PO, posterior-only approach; op, operation.
TaBLE 4: Other information of the patients in all included studies.
Stud Blood loss (mL) Surgical duration PJK (case) DJK (case)
u
Y AP PO AP PO AP PO AP PO
Dikici et al. [5] — — — — — — — 12 (31%)
Riouallon et al. [6] — — — — — — — —
Cobden et al. [4] — — — — — 3 (15%) — 3 (15%)
Graat et al. [18] — — — — 9 6 0 0
Etemadifar et al. [16] 1380 760 545.3 min 263.5min 1 1 — —
Faldini et al. [17] — — — — — — — —
Koller et al. [10] — — — — — — — —
Koller et al. [19] — — — — — — — —
Behrbalk et al. [14] — — — — — — — —
Temponi et al. [21] — — — — — — — —
Tsutsui et al. [22] — — — — — — — —
Dasilvaherrero et al. [15] — — — — — 1 — 0
Koptan et al. [20] 910 620 315 min 215 min — — — —

AP, combined anterior-posterior approach; PO, posterior-only approach; op, operation; PJK, proximal junctional kyphosis; DJK, distal junctional kyphosis.
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Koller2015 —0:— 32.50 (27.99, 37.01) 17.74
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Koller2014 —— 28.70 (25.13, 32.27) 18.47
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1

Temponi2011 | —=—  41.80(35.90, 47.70) 16.50
l
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Tsutsui2011 — 36.30 (29.39, 43.21) 15.53
|

Overall (2 = 86.0%, p = 0.000) <> 33.31 (27.48, 39.15) 100.00
l
!

NOTE: Weights are from random effects analysis }
l
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FIGURE 2: Forest plot of kyphosis correction by the combined anterior-posterior approach.

Study ID WMD (95% CI) Weight %
T

Dikici2018 -i—o— 34.30 (30.61, 37.99) 11.81
|

Riouallon2018 e i 17.00 (12.43, 21.57) 11.25
!

Etemadifar2016 i—oﬁ 38.70 (31.59, 45.81) 9.45
I

Faldini2015 —%—0— 32.80 (27.53, 38.07) 10.78
|

Koller2015 —:0— 31.60 (27.13, 36.07) 11.32

Behrbalk2014[1] —0—;— 29.00 (21.93, 36.07) 9.49

Behrbalk2014[2] —;—0— 34.00 (26.88, 41.12) 9.45

Temponi2011 —0—%— 28.60 (18.48,38.72) 7.39

Tsutsui2011 3—0— 34.80 (29.85, 39.75) 11.00
|

Dasilvaherrero2009 —:0— 31.30 (22.21, 40.39) 8.07
|

Overall (I = 81.1%, p = 0.000) <> 31.16 (26.97, 35.35) 100.00
!

NOTE: Weights are from random effects analysis i
I
* T

T
-45.8 0

FiGURre 3: Forest plot of kyphosis correction by the posterior-only approach.

patients postsurgery and compared them regarding back
pain; it was found that the AP group suffered less pain than
the PO group, while Temponi et al. [21] reported the
opposite result to that. Koptan et al. [20] reported that all
patients complained of pain preoperatively but did not give
further information.

3.6. Publication Bias Assessment. As shown in Figure 6, no
publication bias was found relevant to correction of kyphosis
in AP cohorts by Begg’s rank correlation test and Egger’s
linear regression test (both P>0.10). Likewise, Figure 7
showed no publication bias with regard to correction of
kyphosis in PO cohorts (both P> 0.10).
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T
|
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Koller2015 — 3.10 (-2.46, 8.66) 51.77
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FIGURE 4: Comparison of kyphosis correction between the combined anterior-posterior approach and the posterior-only approach.
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|
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Overall (2 = 0.0%, p = 0.739) < | 1.34(0.36, 4.96) 100.00
|
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NOTE: Weights are from random effects analysis

T
0.0492 1

T
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FIGURE 5: Comparison of proximal junctional kyphosis (PJK) incidence between the combined anterior-posterior approach and the

posterior-only approach.

4. Discussion

To the best of our knowledge, the PO approach was the first
surgical technique introduced to correct SK deformity and
was first performed by Bradford in 1975 [4, 26]. Many
clinical and radiological results have reported that PO fusion
is an efficient technique for the treatment of SK
[4, 6, 10, 14, 16, 17, 21]. Different methods have been in-
troduced over the past few years, and combined AP fusion
has been recommended more suitable for rigid and major
deformities for many years [10, 19], but complication rates,
operation time, and blood loss were significantly higher in
AP procedures [16]. Nowadays, debates continue regarding
surgical strategy selection between AP and PO fusion for the
surgical management of SK [27].

In this study, we performed a meta-analysis in an effort
to identify a better approach from AP and PO fusion
procedures for correcting SK deformity. The research focus

was on the correction effect reflected by achieving more
correction degrees, and postoperative complications in-
cluding PJK were also compared between the two groups,
although DJK cannot be compared due to the lack of reports.
In our study, six studies reported the correction effect by AP
and were pooled into the meta-analysis. As a result, pooled
correction effect in AP cohorts was 33.31 degrees (WMD,
95% CI: 27.48-39.15). In addition, nine studies reported the
correction effect by PO, and one of them reported two PO
cohorts. Thus, totally ten PO cohorts were pooled into the
meta-analysis. Also, pooled correction effect in PO cohorts
was 31.16 degrees (WMD, 95% CI: 26.97-35.35). Comparing
the correction effect between the AP approach and the PO
approach, there was no significant difference found although
only two studies compared AP cohorts to PO cohorts
(P>0.05). Likewise, only two studies compared postoper-
ative PJK incidence between AP and PO cohorts, and pooled
analysis of PJK incidence showed no difference.
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Begg’s funnel plot with pseudo 95% confidence limits

40 4
%
30 A
=
20 -
T T T T T
0 1 2 3 4
s.e. of: WMD

Tests for Publication Bias

Begg’s Test
adj. Kendall’s Score (P-Q) = 1
Std. Dev. of score = 5.32
Number of Studies = 6
z= 0.19
Pr > |z| = 0.851

Egger’s publication bias plot

standardized effect

-10 4

precision

z= 0.00 (continuity corrected)
Pr > |z| = 1.000 (continuity corrected)

Egger’s test
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FIGURE 6: Publication bias analysis by Begg’s and Egger’s tests regarding the combined anterior-posterior approach.

Unfortunately, there were no studies having compared the
incidence of postoperative DJK between AP and PO cohorts,
though four studies have demonstrated DJK incidence
ranging from 0% to 31%. Also, only two studies have re-
ported the surgical data (blood loss and surgical duration),
and apparently, the PO approach showed less blood loss and
shorter surgical duration.

A previous meta-analysis [7] has revealed that the pooled
correction loss of Cobb angle for the AP group was 4.1 (95%
CIL: 3.4-4.8), and for the PO group, it was 3.8 (95% CI:
3.3-4.4), without any significant difference indicated by the
results. This report is consistent with our meta-analysis
results that there was no difference with regard to the change
of Cobb angle before and after surgery between the AP group
and the PO group. Moreover, it was reported that the PO
group showed advantages in blood loss, surgery time, and
junctional kyphosis [7]. It was in line with our results that
the PO group showed less blood loss and shorter surgery
duration. Our analytical results, however, did not indicate
any difference regarding the postoperative PJK incidence
due to the lack of raw data that were available. That meta-
analysis has included a wide range of studies that were
published between 1964 and 2012, and those studies varied
too much, especially considering that the surgical techniques
are ongoing in progress. To overcome the shortcomings, we
only included eligible studies published between 2009 and

2020, within around recent ten years. Seven new published
articles [4, 6, 10, 16-18] have been included in our meta-
analysis, which is a helpful update to that previous meta-
analysis [7]. Recently, another meta-analysis showed that PO
surgery and AP surgery achieved comparable treatment
effects of SK disease, which is consistent with our results
[28]. However, that study goes with the limitations that most
of the studies included were published ten years ago, and
thus that meta-analysis missed some important up-to-date
literature.

As to publication bias assessment in this study, there
were no publication bias found relating to correction of
kyphosis in AP cohorts by Begg’s rank correlation test and
Egger’s linear regression test (both P > 0.10). Likewise, it also
showed no publication bias with regard to the correction of
kyphosis in PO cohorts (both P>0.10). Thus, this meta-
analysis is in a good quality in terms of publication bias.

However, we have to demonstrate some potential lim-
itations that may exist in this work. To start with, only
English-written studies were selected and included in this
meta-analysis, potentially excluding some relevant reports
written in other languages, due to a language limitation.
Additionally, the number of patients included in both
groups was relatively small (AP: 300 vs. PO: 286), which
cannot be neglected in the interpretation of findings in this
meta-analysis. At last, all included studies in the pooled
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Egger’s publication bias plot
20

10 1

standardized effect

-10 4

precision

z= 0.54 (continuity corrected)
Pr > |z| = 0.592 (continuity corrected)

Egger’s test

Std_Eff Coef. Std. Err. t p>|t| [95% Conf. Interval]
slope 29.52363 7.41756 3.98  0.004 12.4187 46.62855
bias 5211755 2.639498 0.20  0.848 -5.565518 6.607869

FIGURe 7: Publication bias analysis by Begg’s and Egger’s tests regarding the posterior-only approach.

analysis were retrospective in design and most are non-
comparative studies, thus might reduce the power of this
work.

5. Conclusions

In summary, this meta-analysis shows similar treatment effects
between AP and PO procedures in correcting Scheuermann’s
kyphosis, suggesting the advantage of PO procedures due to
less blood loss and surgical duration. However, the postop-
erative complications PJK and DJK cannot be well concluded
due to the limitation of existing reports.
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Objective. To introduce a modified transverse process-pedicle puncture technique applied to unilateral extrapedicular percu-
taneous vertebroplasty (PVP) for the treatment of osteoporotic lumbar vertebral compression fractures. Methods. A retrospective
study was performed on 91 patients with osteoporotic vertebral compression fractures (OVCFs) who underwent unilateral
extrapedicular PVP from June 2016 to September 2018. Lumbar and back pain was assessed through the visual analogue scale
(VAS). Function recovery was assessed through the Oswestry disability index (ODI). Radiologic outcomes were assessed mainly
on the basis of bone cement distribution and anterior vertebral height. Results. A total of 101 fractured vertebrae were successfully
treated using the extrapedicular technique without any recognized clinical complications. The postoperative VAS and ODI values
were significantly lower than the corresponding preoperative values (P <0.01). Radiologic outcomes in all fractured vertebrae
showed that the diffusion of bone cement could exceed the midline of the vertebral body. There was no significant difference
between preoperative and postoperative anterior vertebral heights (P < 0.05). Conclusion. The modified transverse process-pedicle
approach applied to unilateral extrapedicular percutaneous vertebroplasty is a simple, safe, and effective surgical method.

1. Introduction

Osteoporotic vertebral compression fractures (OVCFs) are
one of the most common complications of osteoporosis in
the elderly and often lead to severe back pain, kyphosis,
impaired mobility, and reduced quality of life [1-3]. Cur-
rently, percutaneous vertebroplasty (PVP) is a widely used
procedure for the clinical treatment of OVCFs and can
obviously relieve pain, reduce bed rest time, and prevent
deformity due to collapse of the vertebral body [4-6]. It is
generally known that PVP through a bilateral transpedicular
approach is the classic procedure performed to treat OVCFs
[7, 8]. In recent years, unipedicular PVP has been advocated,
reducing the operation and radiation exposure time periods
and lowering the risk of cement leakage and complications
caused by vertebral pedicle puncture [2, 9, 10]. However, due
to the large sagittal diameter of the spinal canal, the long

pedicle length, and the small angle of the pedicle in the
coronal position, it is difficult to achieve proper bilateral
diffusion through unilateral pedicle puncture in the treat-
ment of lumbar vertebral compression fractures. In addition,
it is difficult to detect cement diffusion in bilateral puncture,
which increases the risk of this surgery. In this article, we will
demonstrate a simple and easy unilateral puncture method
for extrapedicular PVP and show that it has the advantages
of safety, efficiency, and less pain.

2. Materials and Methods

Before surgery, informed consent was obtained from all
patients after fully explaining the treatment process. This
study was approved by the medical ethics committee of the
Third Afhiliated Hospital of Chongqging Medical
University.
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2.1. Study Patients

Inclusion criteria were as follows: (1) vertebral com-
pression fractures from L1 to L5; (2) less than 50% loss
of vertebral height; (3) bone mineral density (BMD) of
—2.5 or lower; (4) on magnetic resonance imaging
(MRI), the fractured vertebral body showed a hypo-
intense signal on T1-weighted images and hyperintense
signal on T2-weighted images; and (5) able to tolerate
local infiltration anesthesia and to lie prone or laterally
for 30 minutes without serious underlying diseases.

Exclusion criteria were as follows: (1) History of ma-
lignancy, infection, or tumor; (2) spinal cord com-
pression or stenosis of the vertebral canal >30% of the
local canal diameter; (3) neurologic deficits; (4) un-
correctable bleeding disorders; and (5) severe comor-
bidity in the heart, lung, or kidney or other serious
underlying diseases resulting in intolerance to surgery.

There were 91 patients (age range from 61 to 89 years,
mean of 75.75+7.03 years) who underwent vertebral
compression fracture treatment. A total of 101 vertebral
compression fractures were treated by the modified trans-
verse process-pedicle approach in the authors’ institution
between June 2016 and September 2018. The locations of the
collapsed lumbar vertebrae were as follows: L1, 2 in 5 cases;
L1, 3in 3 cases; L2, 3 in 2 cases; L1 in 31 cases; L2 in 27 cases;
L3 in 15 cases; L4 in 5 cases; and L5 in 3 cases. Among the 91
patients enrolled in this study, 22 had sprains, 11 had car
accident-related injuries, 37 had fall-related injuries, and the
other 21 cases had no definite trauma history. Table 1
summarizes the detailed characteristics of the patients.

All patients underwent preoperative imaging assessment
using a combination of conventional radiography, MRI, and
computed tomography (CT). Surgical indications were high
signal intensity in the fat-lipid suppression phase on MRI
and definite clinical symptoms of sustained severe lumbar
and back pain. Out-of-bed activity was allowed 6 hours after
the operation. Antiosteoporotic drugs (bisphosphonates,
calcitriol, and vitamin D) were prescribed for at least 6
months after the operation.

2.2. Surgical Management. The surgical procedure was
performed under local infiltration anesthesia with the pa-
tient in the prone or lateral position. C-arm fluoroscopy was
used for simultaneous viewing of anteroposterior and lateral
projections of the spine to identify the point of the vertebral
body. Lidocaine (2%) was injected into the skin, lumbar
fascia, and deep soft tissues. A 5mm skin incision was
performed at point B (Figure 1). The left transverse process
of the fractured vertebral body was located under C-arm
fluoroscopy (Figure 2(a)). The needle punctured the
transverse process along the BA trajectory, overstrode the
superior margin of the transverse process, and proceeded
forward, scratching the lateral cortex of the pedicle. During
this puncture process, the craniocaudal angle of the needle
was increased to reduce the risk of damage to the dural sac
and the traveling nerve root and the extraversion angle was
increased to avoid injuring the paraspinal venous plexus.
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TaBLE 1: Characteristics of the study patients.

Characteristics Patients
Case 91

Age (years) 75.75+7.03
Sex (male/female) 21/70
BMD T-score 3.53+£0.61
Follow-up duration (months) 8.55+1.47

BMD, bone mineral density.

F1GuRrk 1: The skin entry point design for unilateral extrapedicular
PVP. The skin entry point was determined from the axial image of
preoperative CT at the target level. Point A is the junction point of
the midline and the anterior edge of the vertebral body. Point D is
the junction point of the midline and the skin. Point C is the entry
point of the vertebral body. Point B is the junction point of the AC
line and the skin, which is also the skin entry point of the unilateral
extrapedicular PVP.

After reaching the hard and smooth lateral wall of the
pedicle, the needle was slid forward and the needle tip was
then stuck in the depressed bone groove at the superolateral
junction between the pedicle and the vertebral transitional
location. Anteroposterior and lateral views were essential for
identifying the optimal position of the needle tip
(Figures 2(b) and 2(c)). When the needle continued to
penetrate the cortex, the occipital core was pulled out, the
bone drill was inserted, and the drill was advanced until the
end of the drill was placed in the anterior cortex of the
vertebral body. Lateral views confirmed that the midline of
the vertebral body was reached or exceeded. The bone drill
was then replaced with a working cannula (Figures 2(d) and
2(e)). After successful puncture, bone cement was slowly
injected into the vertebral body under C-arm monitoring
(Figures 2(f)-2(h)).

2.3. Clinical and Radiographic Assessments. The VAS and
ODI were recorded preoperatively at 1 day and 6 months
postoperatively. Lumbar and back pain was assessed by the
VAS. Function recovery was assessed by the ODI. The
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FIGURE 2: Anteroposterior and lateral views of the needle trajectory inserted into the vertebral body via a unilateral extrapedicular puncture
method. (a) Anteroposterior radiograph showed the left transverse process of the fractured vertebral body. (b, ¢) The needle tip of the bone
entry point was located at the bone groove at the junction between the pedicle and the vertebral transitional location. (d, ) Anteroposterior
and lateral radiographs showed the optimal position of the working cannula. (f, g) The position of the cement cannula could be adjusted
according to the dispersion of cement during the operation. (h) Anteroposterior radiograph showed the bone cement distribution.

quantity of injected bone cement, incidence of leakage of
bone cement, and other complications were recorded during
the surgery. The anterior vertebral height was measured and
compared according to preoperative and postoperative
imaging (1 day and 6 months).

2.4. Statistical Analysis. Statistical analyses were performed
using SPSS version 23.0 statistical software. All the mea-
surement data were presented as the mean + standard de-
viation (X *s). Preoperative and postoperative values
between different subgroups were compared using the one-
way ANOVA. Differences were considered significant at
P <0.05.

3. Results

All patients were followed up for 6-12 months, with an
average 8.55 + 1.47 months. The VAS pain and ODI scores at
day one (1.63+0.74, 19.70+2.85) after operation were
significantly lower than the preoperative scores (7.23 £ 0.79,

40.12+£3.92) (P<0.01), but there were no significant dif-
ferences with the scores at six months (1.52+0.79,
18.84+2.46) (P <0.05) after operation. The anterior ver-
tebral height at day one (24.77 +6.02) after surgery was
slightly higher than that before surgery (23.86+6.15), but
there was no significant difference (P <0.05). The anterior
vertebral height at six months (24.14 +5.72) after surgery
was slightly lower than that at day one after surgery, but
there was no significant difference (P <0.05) (Table 2).
All patients were successfully treated using the modified
extrapedicular technique without any recognized clinical
complications. The average operation time and the mean
volume of the injected cement in a single level were
20.22 + 4.51 min and 6.04 + 0.98 mL, respectively. Radiologic
outcomes in all fractured vertebrae showed that the diffusion
of bone cement could exceed the midline of the vertebral
body (Figure 3). Postoperative bone cement leakage was
found in 8 patients in the current study. The bone cement
leaked into the intervertebral space in 4 cases, the anterior
edge of the vertebral body in 3 cases, and the vertebral canal
in 1 case, without obvious clinical symptoms. Refracture of
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TaBLE 2: Changes in VAS and ODI scores and anterior vertebral height during follow-up periods.

Parameters Preop 1 day postop 6 months postop P, p,

VAS (n,=91) 7.23+0.79 1.63+£0.74 1.52+0.79 <0.01 0.34

ODI (n, =91) 40.12+3.92 19.7£2.85 18.84+2.46 <0.01 0.084

Anterior vertebral height (n,=101) 23.86 +6.15 24.77 £6.02 24.14+5.72 0.56 0.779

VAS, visual analogue scale; ODI, Oswestry disability index; P,, preoperative vs. postoperative day 1; P,, postoperative day 1 vs. postoperative month 6; n,

total number of patients; #,, total number of vertebrae.

By

FIGURE 3: X-ray and CT showed that the distribution of bone cement crossed the midline with satisfactory diffusion.

the adjacent vertebral body occurred in 1 case at 2 weeks
after the surgery (Figure 4).

4. Discussion

In relative terms, bilateral PVP showed increased operation
time and injected cement volume, while unilateral PVP
showed reduced operation time, surgery-related complica-
tions, and radiation exposure. In recent years, unilateral PVP
has been increasingly used in surgery, resulting in reductions
in exposure time to radiation, risk of cement leakage, and
complications [2, 10, 11]. Soon et al. found that unilateral
PVP using a modified surgical instrument with a directional
needle was an excellent example of advancement and re-
finement in spinal surgery without increased clinical risk and
the novel directional needle technique can potentially
provide better radiological outcomes than a straight needle
[12]. The unilateral extrapedicular needles, advanced
through the costopedicular joint, had proper bilateral ce-
ment diffusion in the treatment of lumbar vertebral com-
pression fractures [13]. Beall et al. reported an effective
extrapedicular modified inferior endplate access to the
vertebral body for lumbar vertebral compression fractures.
The entry point of the needle was 0.5-1.0cm above the
inferior endplate anterior to the ipsilateral pedicle [14].
However, these techniques were generally complex and

required repeated fluoroscopy, which also increased the
patients’ pain.

The modified transverse process-pedicle extrapedicular
pathway in this study had the following advantages: (1)
There was improved safety of the operation. This new
technology can be applied to puncture the working cannula
from the bottom of the “Kambin” triangle [15] to the
contralateral fractured vertebral body. The wide and safe
margin from the dural sac and nerve root of the triangle can
reduce the risk of intraoperative nerve injury. In addition,
the bone entry point of this approach was located in the safe
puncture zone of extrapedicular vertebroplasty of lumbar
vertebral bodies and was more superior to the midline of the
pedicle, reducing the risk of segmental vertebral body artery
injury [16]. (2) It alleviated patient pain. Because the
puncture path of this technique is within the soft tissue, good
local infiltration of anesthesia can be carried out, which can
alleviate patient pain during the puncture process. (3) The
operative procedure was simplified and controllable. This
extrapedicular puncture technique had three definite bony
markers (Figure 5), the upper edge of the transverse process,
the outer wall of the pedicle, and the posterolateral cortex of
the vertebral body, all of which had obvious landmarks,
which made it possible to complete the single puncture with
the use of C-arm guided fluoroscopy. Moreover, this
extrapedicular puncture technique was free from the
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F1GURE 4: Images of bone cement leakage and adjacent level fracture in PVP cases. X-rays showing that the bone cement had leaked into the
intervertebral disk (a). The anterior edge of the vertebral body (b). CT showing that the bone cement had leaked into the vertebral canal
(c). MRI scan with compression fracture of the L1 vertebra after PVP of the L2 vertebra (d).

constraints of a pedicle. During the operation, the direction
and depth of the cement cannula can be adjusted flexibly,
which made it possible to ensure the ideal dispersion of the
cement. (4) Different positions can be maintained according
to the patient’s condition. The puncture technique was easy
to perform because of its clear bony markers. It can be used
in prone, lateral, and semilateral positions according to the
patient’s condition and was especially suitable for patients
with poor pulmonary function or those who are unable to lie
prone due to pain.

This technique was mainly suitable for L1-3 vertebral
fractures, and the degree of fracture compression was less
than 50%. Because the puncture path was at the upper edge
of the transverse process, the puncture point of the vertebral
body was slightly higher than that of the pedicle puncture
and it was difficult to penetrate the anterior part of the
vertebral body, which limited the application of this

technique in patients with vertebral compression degrees
greater than 50%. The L4 vertebral body, and especially the
L5 vertebral body, are essentially half-elliptic. The flattening
of the vertebral body resulted in the difficulty of detecting the
third bony marker, which limited the application of the
puncture technique to a certain extent. For L4 and L5
vertebral fractures, the shape of the vertebral body should be
judged by preoperative CT examination, and then the sur-
geon decides whether the puncture technique should be
applied or not be applied. In patients with hypertrophy and a
high position of the transverse process, the adjustment of the
sagittal puncture angle was limited. It was difficult to
puncture the cement cannula to the ideal position of the
vertebral body. If the diffusion effect of unilateral puncture
was poor, a contralateral pedicle puncture was necessary.
There were some limitations in this study. The number of
patients included in this study was relatively small. The
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FiGURe 5: The three bony markers. (a) The superior margin of the transverse process (red arrow). (b) The outer wall of the pedicle (red
arrow). (c) The posterolateral cortex of the vertebral body (red circle).

follow-up period was relatively short. In addition, no control
group was established in this study. Further long-term
follow-up studies in a large patient population are warranted
to generalize our results.

5. Conclusion

A needle trajectory with a modified transverse process-
pedicle approach can be easily and precisely planned using
unambiguous anatomical landmarks under fluoroscopic
guidance, enabling sufficient bone cement distribution and
tremendous pain relief.
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Aim. To research the incidence of surgical site infection (SSI) following lumbar Dynesys dynamic internal fixation and its
management strategy. Methods. We retrospectively analyzed all cases of lumbar Dynesys dynamic internal fixation performed
from January 2010 to December 2019, and the data from patients with SSI were collected. The observational indicators included
the incidence of SSI, general information of the patients, surgical details, inflammatory indicators, pathogenic bacteria, and
treatment. SSI was defined as both early infection and delayed infection, and the cases were divided into Groups A and B,
respectively. The relevant indicators and treatment were compared between the two groups. Results. A total of 1125 cases of
lumbar Dynesys dynamic internal fixation were followed up. Twenty-five cases of SSI occurred, and the incidence of SSI was 2.22%
(25/1125). There were 14 cases of early infection (1.24%) and 11 cases of delayed infection (0.98%). Fourteen cases of early
infection occurred 12.3+8.3 days postoperatively (3-30), and 11 cases of delayed infection occurred 33.3+18.9 months
postoperatively (3-62). The inflammatory indicators of Group A were significantly higher than those of Group B (all P <0.05),
except for procalcitonin. The main infection site in Group A was located on the skin and subcutaneous tissue and around the
internal instrument, while the main infection site in Group B was around the internal instrument. The main treatment for Group
A was debridement and implant replacement, and the main treatment for Group B was implant removal. Summary. The incidence
of SSI following lumbar Dynesys dynamic internal fixation was 2.22%, the incidence of early SSI was 1.24%, and the incidence of
delayed SSI was 0.98%. If the main infection site of early infection is in the incision, debridement should be the main treatment
method; if the infection site is around the internal fixation, implant replacement is recommended on the basis of debridement.
Once delayed infection is diagnosed, implant removal is suggested.

1. Introduction

Surgical site infection (SSI) is a serious complication after
lumbar spine surgery that increases the length of hospital
stay, medical expenses, and rate of unplanned reoperations,
bringing great challenges to both doctors and patients [1, 2].
At present, lumbar spine surgery that requires internal
fixation is becoming increasingly common [3, 4]. Picada
etal. [5] reported that the incidence of SSI in deep tissue after
lumbar fusion and internal fixation was 3.2%. Reames et al.
[6] reported that the incidence of SSI after pediatric scoliosis
correction surgery was 2.6% (505/19360). Zhou et al. [7]

conducted a meta-analysis including 603 cases of SSI in
22475 spine surgeries, with an incidence of 3.1%; the inci-
dences in the cervical, thoracic, and lumbar spines were
3.4%, 3.7%, and 2.7%, respectively.

Lumbar transpedicular dynamic fixation could preserve
the mobility of the fixed segment, maintain the height of the
intervertebral space, and reduce adjacent segment degen-
eration [8, 9]. The Dynesys system is a representative
transpedicular dynamic instrument that has been used
clinically for more than 20 years [10, 11]. Correspondingly,
lumbar Dynesys dynamic internal fixation also had a certain
SSI incidence. For example, Welch et al. [12] and Grob et al.
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[13] reported that the infection rate after Dynesys dynamic
stabilization was 0.9% (1/101) and 3.2% (1/31). However,
their sample size was limited, and the infection rates were
not representative.

At present, the application of lumbar Dynesys dynamic
internal fixation is not widespread. The most published
literature mainly reports its clinical efficacy and imaging
changes [11, 14, 15]. To our knowledge, there are no studies
that have specifically reported on postoperative infection
following lumbar Dynesys dynamic internal fixation.
Therefore, the author retrospectively researched the inci-
dence of SSI following more than 1000 cases of lumbar
Dynesys dynamic fixation and its postoperative manage-
ment strategy.

2. Materials and Methods

A retrospective study of all cases after lumbar Dynesys
dynamic internal fixation performed by the author’s team
from January 2010 to December 2019 was performed, and
the data from patients with SSI were collected. This research
project was reviewed and approved by the Scientific Re-
search Ethics Committee of Southwest Hospital, Army
(Third) Military Medical University.

2.1. Inclusion and Exclusion Criteria. Inclusion criteria were
as follows: (1) cases diagnosed as lumbar degenerative
disease and following lumbar Dynesys dynamic internal
fixation; (2) followed up for more than 12 months; and (3)
the main observational content must include management
after SSI was diagnosed.

Exclusion criteria were as follows: (1) revision surgery
and (2) if the clinical data were incomplete.

2.2. Diagnosis of SSI. The SSI after the surgery or during the
follow-up could occur at the incision (skin and subcuta-
neous tissue) or below the deep fascia, spinal canal, inter-
vertebral space, paravertebral space, and around the internal
instrument [16, 17]. Diagnostic criteria: (1) clinical mani-
festations included fever, low back pain and/or lower limb
radiating pain, swelling, exudation, sinus around the inci-
sion, etc.; (2) inflammatory indicators were increased, such
as white blood cells (WBC), neutrophils (N), thrombocytes,
C-reactive protein (CRP), erythrocyte sedimentation rate
(ESR), and procalcitonin; (3) MRI showed that the low signal
on the TI-weighted image and the high signal or mixed
signal on T2-weighted image in subfascial tissue around the
surgical site; (4) color ultrasound indicated that there was an
abscess in the surgical site; and (5) bacterial culture was
positive. (1) was the main criterion, (2), (3), (4), and (5) were
the secondary criteria, and the SSI was diagnosed by meeting
(1) and any one of (2)-(5).

2.3. Treatment Methods

2.3.1. Antibiotic Treatment. Vancomycin and (or) imipe-
nem and cilastatin sodium were early selected empirically,
and subsequently sensitive antibiotics were selected based on
pathogenic bacteria and drug susceptibility test results. The
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total course of treatment was 8-12 weeks, and intravenous
medication was performed for 4~8 weeks and then oral
antibiotics for 4 weeks.

2.3.2. Surgical Intervention. (1) The incision was healed
without local infection, but MRI showed some localized fluid
around the internal fixation with no high or slightly higher
inflammatory indicators. Puncture aspiration could be used
to retain specimens, and repeated puncture and irrigation
was suggested. (2) If the infection was only confined to the
skin and subcutaneous tissues without involving the internal
fixation below the deep fascia, a thorough debridement and
suture was recommended. (3) If the infection was around the
spacer below the deep fascia, and the pedicle screw did not
show bone absorption “halo” sign in X-ray, it was advisable
to take out the spacer and connector, completely debride,
and then install new spacers and connectors. (4) If the in-
fection mainly occurred below the deep fascia, the internal
instrument was soaked with pus, the pedicle screw showed
bone absorption “halo” sign in X-ray, the pedicle screw was
loosening during surgery, the infection involved the screw
trajectory in the vertebral body, and/or paravertebral ab-
scess/the psoas major muscle abscess was formed, removal of
the internal instrument should be performed.

2.3.3. Systemic Supportive Treatment. Albumin was sup-
plemented for correcting hypoalbuminemia and anemia and
maintaining albumin above 35g/L and hemoglobin above
90 g/L.

2.4. Observational Indicators and Grouping. Incidence of
SSI: the patients’ age, sex, smoking and drinking behavior,
previous surgical history, primary disease, and concomitant
disease; intraoperative conditions: number of fenestrations,
number of discectomy, number of fixed segments, operation
time, blood loss, blood transfusion, and dural rupture; and
postoperative infection time, symptoms, inflammatory in-
dicators, pathogenic bacteria, and treatment. Infection that
occurred within 3 months after lumbar Dynesys dynamic
internal fixation was defined as an early infection, and in-
fection that occurred 3 months after lumbar Dynesys dy-
namic internal fixation was defined as a delayed infection
[18, 19]. The infected cases were divided into two groups,
namely, the early infection group and delayed infection
group, referred to as Groups A and B, respectively. The
relevant indicators and main treatments of the two groups
were compared.

2.5. Statistical Analysis. SPSS (version 19.0 IBM, NY, USA)
software package was used for statistical analysis. Count data
were recorded as yes or no, and measurement data were
recorded as mean + SD. For comparison between Groups A
and B, the enumeration data were analyzed using the chi-
square test or Fisher’s exact test. If the measurement data
were normally distributed, the independent-sample ¢-test
was used; if the measurement data were not normally dis-
tributed, data conversion or Mann-Whitney test was used.
P<0.05 was taken to indicate that the difference was
significant.
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3. Results

A total of 1125 patients were followed up after lumbar
Dynesys dynamic internal fixation, including 663 cases of
lumbar disc herniation, 201 cases of lumbar spinal stenosis,
115 cases of lumbar spondylolisthesis, 71 cases of lumbar
degenerative scoliosis, and 75 cases of lumbar discogenic
pain. Twenty-five cases of SSI occurred, and the incidence of
SSI was 2.22% (25/1125). There were 14 cases of early in-
fection, with an infection rate of 1.24% (14/1125) and 11
cases of delayed infection, with an infection rate of 0.98%
(11/1125).

3.1. General Information of the Patients and Surgical Details.
The twenty-five patients included 21 males and 4 females,
aged 49.4 + 18.2 years (21-78). The primary diseases were
lumbar disc herniation, lumbar spinal stenosis, lumbar
degenerative spondylolisthesis, and lumbar degenerative
scoliosis. There were 10 patients with a drinking history, 9
patients with a smoking history, 8 patients with hyper-
tension, 4 patients with diabetes, and 4 patients with a
history of lumbar surgery. The follow-up time was
58.4+32.9 months (12-131). The number of fenestrations
was 1.7 £ 1.0 (1-4), the number of discectomy was 1.2 + 0.5
(0-2), and the number of fixed segments was 2.1 £0.811
(1-3). The operation time was 179 + 74 minutes (80-330),
the blood loss was 332 +253 ml (100-1200), and the blood
transfusion was 154 + 283 ml (0-1000). There was 1 case of
dural rupture.

3.2. Postoperative Infection Time, Symptoms, and Inflam-
matory Indicators of SSI. Fourteen cases of early infection
occurred 12.3 + 8.3 days postoperatively (3-30); and 11 cases
of delayed infection occurred 33.3 +18.9 months postop-
eratively (3-62). The main symptoms were low back pain (or
lower limb radiating pain), incision exudation, redness and
swelling, and fluid accumulation. Some inflammatory in-
dicators increased, such as white blood cells, the percentage
of neutrophils, platelets, C-reactive protein, erythrocyte
sedimentation rate, and procalcitonin.

3.3. Secondary Surgery for SSI and Pathogenic Bacteria. A
total of 20 cases underwent secondary surgery. The surgical
methods mainly included debridement, implant replace-
ment, and implant removal. The other 3 patients underwent
puncture (irrigation), and 2 patients received only antibiotic
treatment. Eleven cases of pathogenic bacteria were iden-
tified, accounting for 44%, 13 cases had negative cultures,
and no specimens could be cultured in 1 case. Pathogenic
bacteria included 4 cases of Staphylococcus epidermidis, 2
cases of Staphylococcus aureus, and 1 case each of Salmo-
nella, Pseudomonas aeruginosa, Enterobacter, Acineto-
bacter baumannii, and Streptococcus lactis. The follow-up
time after the second surgery for SSI was 42.2 + 25.1 months
(5-105), and there was no reinfection during the follow-up
period.

3.4. Comparison of Surgical Details, Clinical Symptoms, In-
flammatory Indicators, Pathogen Detection Rate, Main In-
fection Site, and Main Treatment Measures between Groups A
and B (Table 1). There were no significant differences in the
number of fenestrations, the number of discectomys, the
number of fixed segments, operation time, blood loss, or
blood transfusions between Groups A and B (P > 0.05). The
fixed segment, operation time, blood loss, and blood
transfusion in Group A were slightly higher than those in
Group B. The inflammatory indicators of Group A were
significantly higher than those of Group B (all P <0.05),
except for procalcitonin. The detection rates of pathogenic
bacteria in Groups A and B were 62.5% and 27.3%, re-
spectively (P >0.05). The main infection sites in Group A
were located at the skin and subcutaneous tissue and around
the internal instrument, while the main infection sites in
Group B were located around the internal instrument.
Group A mainly used treatment measures such as de-
bridement, implant replacement, and mere antibiotics.
Group B mainly used treatment measures such as implant
removal and puncture (irrigation).

The typical case is shown in Figure 1. A 40-year-old
female patient with low back pain and left lower limb pain
for 4 days was admitted to the hospital on July 6, 2020. Three
years prior, she had undergone 14-5 discectomy and
Dynesys dynamic internal fixation due to L4-5 disc herni-
ation. She had a history of diabetes for 3 years. Laboratory
results showed WBC 18.9 x10°/L, neutrophil 91.2%, CRP
170.0 mg/LT, procalcitonin 0.35ng/ml, and ESR 120 mm/h.
Lumbar X and MRI results showed loose internal fixation,
empyema around the internal fixation, and psoas major
abscess (Figure 1). The diagnosis was delayed SSI after
lumbar internal fixation. Treatment measures were implant
removal, debridement, drainage, antibiotic therapy, support,
and other treatments.

4. Discussion

In this research, 24 patients who underwent lumbar Dynesys
internal fixation had SSI, with an infection rate of 2.22%.
Goldstein et al. [20] reported 10 patients undergoing
Dynesys dynamic surgery, of whom 3 cases had deep wound
infections, with an infection rate as high as 30%. Pham et al.
[21] reviewed the complications after Dynesys fixation. A
total of 21 studies included 1166 patients, the average follow-
up time was 33.7 months (12.0-81.6), and the incidence of
SST was 4.3%. Wiseman et al. [22] believed that titanium and
titanium alloy compounds were less likely to be infected at
the surgical site than other implant materials, including
polymethylmethacrylate (PMMA), stainless steel, and hy-
droxyapatite. Titanium is one of the best implant materials
compatible with human tissues, especially for fixing bones.
The surface of titanium and titanium alloys was easily
colonized by osteoblasts and soft tissues, thereby preventing
the adhesion and colonization of bacteria and other path-
ogenic microorganisms on the surface of the internal in-
strument [23]. The pedicle screws of the Dynesys system are
not connected by titanium rods but by a combination of a
connector and spacer. The connector is woven from



Pain Research and Management

TaBLE 1: Comparison of the observational indicators between Groups A and B.

Group A Group B P
Age (years) 56.9+18.4 39.8+13.0 0.016
Number of fenestration 1.7+1.1 1.7+1.0 0.903"
Number of discectomy 1.1+£0.4 1.2+0.6 0.769"
Sureical situation Number of fixed segment 22409 1.9+0.7 0.323"
8 Operation time (min) 195.8 +81.984 158.1 +70.7 0.208"
Blood loss (ml) 385.7+293.2 263.6+180.4 0.134"
Blood transfusion (ml) 182.1+334.9 119.1 £210.8 0.809"
Incision exudation 8 0
Low back pain (leg pain) 4 7
Incision hydrops 3 0
Clinical symptom Red and swollen incision 3 1 0.007"
Sinus tract 2 2
Fever 2 1
Abscess 0 3
WBC (x10°/L) 11.4+3.0 82425 0.008
N (%) 79.6+12.3 68.9+9.9 0.029
Inflammation indicator Thrombocyte (x10°/L) 296.7 +88.4 222.8+54.1 0.023
SR (mm/1h) 54.2+26.8 34.2+27.1 0.048"
CRP (mg/L) 64.9 + 88.0 13.7+15.8 0.012*
Procalcitonin (ng/ml) 2.5+53 0.5+1.0 0.639"
Pathogenic bacteria Positive rate 8/14 (57.1%) 3/11 (27.2%) 0.467"
Skin and subcutaneous tissue 9 0
Main infection site Around m.ternal instrument 3 10 0.001"
Spinal canal 1 1
Intervertebral space 1 0
Mere antibiotics 2 0
Puncture (irrigation) 1 2
Main treatment Debridement 8 1 0.001*
Implant replacement 2 0
Implant removal 1 8

*Mann-Whitney test; *Fisher’s exact test.

polyethylene terephthalate materials, and the spacer is made
up of polycarbonate polyurethane. There is no soft tissue
growth in the gap between the connector and the spacer, and
the gap between the spacer and the pedicle screw during
spinal flexion and extension activities might be where
bacteria colonize. At the same time, the braided suture of the
connector has greater bacterial adhesion, which might in-
crease the likelihood of infection [24]. Goldstein et al. [20]
postulated that intraoperative bacteria entered the surgical
site, and the spacer acted as a medium for bacteria. However,
the sample size was only 10 cases, and the results were hard
to be convinced.

This study showed that the age, fixed segment, operation
time, blood loss, and blood transfusion in Group A were
higher than those in Group B, indicating that elderly patients
and those with greater surgical trauma were prone to early
SSI perioperatively. Early infection mainly manifested as
incision exudation, low back pain (leg pain), and hydrops in
the surgical site, while delayed infection mainly manifested
as low back pain, sinus tract, abcess, etc. The inflammatory
indicators were increased in most cases of early infection,
while they were mostly normal in cases of delayed infection.
The main infection site of early infection was located at the
skin, subcutaneous tissue, and around the internal fixation,
while the main infection site of delayed infection was located

around the internal instrument. When delayed infection was
suspected, MRI was performed. The hydrops around the
internal instrument had obvious changes on the MRI, such
as the high signal around the screw on the T2 image. The
second invasive operation for early infection was mainly
debridement, with complete removal of necrotic and inac-
tivated tissue, and drainage and sealing of the incision. Early
infection mainly occurred in the incision, and deep cavity
infection was not common. If the infection around the
internal instrument was serious, then replacement of the
connector and spacer should be considered. The pedicle
screw cannot be easily loosened in cases of early infection, so
the screw might not need to be replaced. The author ad-
vocates the use of chlorhexidine (or iodophor), hydrogen
peroxide, and physiological saline to repeatedly wash the
infection site. For delayed infection, the main infection site
was around the internal instrument, so for most patients, the
internal instrument need to be removed.

Regardless of early infection or delayed infection, there
are fewer concerns regarding lumbar dynamic stabilization
surgery than lumbar fusion. Posterior (transforaminal)
lumbar interbody fusion damages the most posterior spine
structure, such as the lamina and facet joints. In early in-
fection, implant removal would cause intervertebral insta-
bility, false joint formation, and increased neurological
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FIGURE 1: (a, b) Three years after L4-5 Dynesys dynamic internal fixation, anteroposterior and lateral X-view: the red arrow indicates bone
resorption and loosening of the pedicle screw (halo sign). (¢, d) Lumbar MRI: the green arrows indicate empyema around pedicle screws and
spacers, and the yellow arrows indicate bilateral psoas muscle abscesses. (e, f) Placing drainage tubes after removal of the implant.
(g) Opening a window between the lamina, retaining the lateral 1/2 of the inferior articular process in L4.

dysfunction. Lumbar dynamic stabilization does not require
an intervertebral cage, avoiding the difficulty of removing
intervertebral implants. The author has always advocated
opening a window between the lamina, retaining the lateral
1/2 of the inferior articular process (Figure 1(g)) and
achieving complete decompression of the nerve root canal
by subtly expanding the lateral recess. Even if bilateral de-
compression is performed at the same level, the spinous
process and the upper part of the bilateral lamina could be
retained. Therefore, in patients undergoing lumbar dynamic
stabilization, most of the posterior structure can be pre-
served, maintaining the stability of the spine. Once SSI
occurs in lumbar dynamic internal fixation, implant removal
has almost no effect on the stability of the spine. Of course,
there is no “gold standard” for implant removal or retention
in SSI after lumbar dynamic internal fixation, and it depends
mainly on the unique situation of the patient, such as in-
fection site, infection severity, patient’s general condition,
nutritional status, pathogenic bacteria, drug susceptibility
test, treatment affordability, compliance, and other factors
[25, 26].

In terms of how to prevent and treat SSI after lumbar
dynamic internal fixation, the author has some suggestions.
Full attention should be paid to the risk factors for infection.
Janssen et al. [27] pointed out that age, body mass index,
American Society of Anesthesiologists (ASA) score, revision
surgery, and the use of nonsteroidal anti-inflammatory
drugs are risk factors for SSI after thoracolumbar internal
fixation in adults. Other studies have indicated that a
modified Glasgow prognostic score 21, BMI £20.39 kg/m2
[28], postoperative hyperglycemia, poor postoperative blood
glucose control [29], perioperative hypoalbuminemia, and
chronic steroid use are risk factors for SSI in spinal internal
fixation [30]. The use of prophylactic antibiotics during the
perioperative period and the correction of anemia and
hypoalbuminemia are very important [31, 32]. A strict
aseptic technique should be the basis, and direct contact with
the internal instrument should be avoided as much as
possible (Figure 2). For example, the Dynesys screw should
be installed on the screwdriver without direct touching. In
the screw implantation process, contact with gloves, cloth
sheets, hooks, and muscle tissue should be avoided to the
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FIGURE 2: (a) Wrong: Dynesys screw was installed with direct touching; (b) correct: Dynesys screw was installed without direct touching.
(c) Wrong: Dynesys screw was placed touching the cloth; (d) correct: Dynesys screw was placed without touching the cloth.

greatest extent possible. To ensure a sufficient extraversion
angle of the screw and reduce the influence on the zyg-
apophyseal joint, the author generally chose the Wiltse
approach to complete the installation of the Dynesys system
[33]. The muscle tissue should not be entrapped between the
spacer and the screw because necrosis of the entrapped
muscle is a good culture medium for bacteria. After the
operation, the healing of the incision and inflammatory
indicators needed to be carefully observed. Once SSI is
suspected, specimens should be collected as soon as possible
through incision exudate, drainage fluid, puncture fluid, etc.
for pathogenic examination while using norvancomycin for
empirical anti-infective therapy. After the drug sensitivity
test is returned, the antibiotics may need to be adjusted, with
an anti-infectious treatment of 8 to 12 weeks. Tsubouchi
et al. [25] believed that timely use of effective antibiotics
could help preserve implants. Lener et al. [34] reported that
sensitive antibiotics should be administered intravenously
for 2-4 weeks or until CRP drops significantly, followed by
oral antibiotics for 6-12 weeks. Petilon et al. [35] advocated
intravenous antibiotics for >6 weeks, followed by oral an-
tibiotics for several weeks. Kowalski et al. [36] noted that
even if the pathogenic test result is negative, long-term
antibiotics are more effective in controlling and eradicating
infection than short-term antibiotics (80%:33%). Of course,
antibiotics could never replace surgical treatments such as
debridement, implant replacement, or removal.

5. Conclusion

The incidence of SSI following lumbar Dynesys dynamic
internal fixation was 2.22%, the incidence of early infection
was 1.24%, and the incidence of delayed infection was 0.98%.
If the main infection site of early infection is in the incision,
debridement should be the main treatment method; if the
infection site is around the internal fixation, implant re-
placement is recommended on the basis of debridement.
Once delayed infection is diagnosed, implant removal is
suggested.
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