Hindawi

Pain Research and Management

Volume 2023, Article ID 1157611, 10 pages
https://doi.org/10.1155/2023/1157611

Research Article

@ Hindawi

Correlation Analysis between Residual Pain after Vertebral
Augmentation and the Diffusion Distribution of Bone Cement: A

Retrospective Cohort Study

Kang Yao (9,' Yungang Chen,” Xiaoying Wang,”> Qiangian Yao,* Kaiying Cui,’
Wenming Chen,’ Pengfei Hou,’ Ning Yu,’ Zhenyue Zhang,1 Wenxin Gao,’ Haipeng Xue,’
and Yanke Hao ©°

The First Clinical Medical School, Shandong University of Traditional Chinese Medicine, Jinan, Shandong 250014, China
2Shandong University of Traditional Chinese Medicine, Jinan, Shandong 250014, China

*Jinan Vocational College of Nursing, Jinan, Shandong 250014, China

4Shandong Provincial Third Hospital, Jinan, Shandong 250031, China

*Affiliated Hospital of Shandong University of Traditional Chinese Medicine, Jinan, Shandong 250014, China

Correspondence should be addressed to Yanke Hao; 71000331 @sdutcm.edu.cn
Received 26 May 2022; Revised 4 December 2022; Accepted 22 December 2022; Published 4 January 2023
Academic Editor: Vahid Rakhshan

Copyright © 2023 Kang Yao 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.

Objective. To explore the influence and potential factors of the bone cement dispersion state on residual pain after vertebral
augmentation. Methods. The cases included in this retrospective cohort study were patients treated with vertebral augmentation
(VA) for osteoporotic vertebral compression fractures (OVCFs) between July 2018 and June 2021. According to the type of cement
diffusion distribution, the patients were divided into a sufficient diffusion group (Group A) and an insufficient diffusion group
(Group B). The differences in the baseline data, visual analog scale (VAS), Oswestry disability index score (ODI), injured vertebral
height (IVH), and local kyphosis angle (LKA) between the two groups were analyzed. Assessments were performed preoperatively
on the 2nd day postoperation and at the last follow-up. The imaging data of injured vertebrae were accurately reconstructed by
a GE AW4.7 workstation, and the differences in the vertebral body volume, bone cement volume, and bone cement volume ratio
were compared between the groups. Result. After screening, 36 patients were included. (1) The postoperative VAS and ODI scores
of the two groups were significantly improved compared with the preoperative scores. (2) On the 2nd day postoperation and the
last follow-up, the VAS and ODI scores of Group A were significantly different from those of Group B, and Group A outperformed
Group B. (3) The IVH and LKA of the two groups were improved after the operation, and no significant difference was found
between the groups. (4) Significant differences were found in the bone cement volume and bone cement volume ratio between the
groups, and Group A was larger than Group B. Conclusions. Sufficient bone cement diffusion can reduce residual pain after
vertebral augmentation.

1. Introduction

Osteoporotic vertebral compression fractures (OVCFs)
occur secondary to osteoporosis [1]. Osteoporosis is char-
acterized by decreased bone mass and bone microstructure
destruction, increasing the risk of fragility fractures. OVCFs
are one of the most severe fracture types, accounting for
approximately 50% of osteoporotic fractures, and have

become the third most common fragility fracture worldwide
[2, 3]. OVCFs are commonly found in the elderly and can
lead to chronic pain, motor disorders, spinal deformity,
decreased quality of life and increased mortality, seriously
affect human physical health and quality of life, and place
a heavy burden on families and society [4-6]. Currently,
conservative treatment usually adopts bed rest, nonsteroidal
anti-inflammatory drugs, antiresorptive medications,
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external fixed braces, traditional Chinese medicine func-
tional reduction, and other methods [7]. However, con-
servative treatment increases the risk of bone nonunion,
bedsores, venous thromboembolism, persistent pain, and
spinal deformity [8, 9]. Therefore, vertebral augmentation
(VA) has become a widely accepted, safe, and effective
treatment method because of its minimal trauma, short
operation time, rapid pain relief, partial restoration of
vertebral height, and effective increase in vertebral stability
[10, 11].

Although VA is the main surgical method for treating
OVCFs and has many advantages, residual pain after surgery
has always been a challenge for doctors and patients [12, 13].
Many reasons can account for postoperative residual pain,
such as osteoporosis, vertebral degeneration, vertebral in-
stability, vertical spinal muscle spasm, thoracolumbar fascia
injury, intraoperative injury, vertebral infection, and mental
factors [14-17]. Recently, the diffusion distribution of ce-
ment in the injured vertebra was found to affect treatment
[18, 19]. However, the correlation between intraoperative
cement dispersion and postoperative residual pain has not
been clarified, and no literature clearly indicates the re-
lationship between the degree of cement dispersion and
residual pain. We hypothesize that when the diffusion
distribution of the cement in the vertebral body is in-
sufficient, the characteristics of the cement itself cannot be
fully developed, and it cannot provide effective biological
stability for the vertebral body and ultimately cannot achieve
analgesia, resulting in postoperative residual pain.

Therefore, we retrospectively analyzed the case data of
OVCFs treated with VA, set the diffusion distribution status
of bone cement within the fracture line as an independent
variable, and evaluated the variability in the visual analog
scale (VAS), Oswestry disability index score (ODI), injured
vertebral height (IVH), and local kyphosis angle (LKA) at
different times after surgery. In addition, to analyze the
potential influencing factors of residual pain, we used the GE
AW4.7 workstation to model the patient imaging data ac-
curately and measure the volume of injured vertebra, cement
volume, and cement volume ratio (the ratio of cement
volume to vertebral volume). Furthermore, we compre-
hensively analyzed the effect of the bone cement diffusion
distribution status on postoperative residual pain.

2. Methods

This retrospective cohort study comprised patients with
OVCFs treated at the Affiliated Hospital of Shandong
University of Traditional Chinese Medicine from July 2018
to June 2021. The study was approved by the Ethics Com-
mittee of the Affiliated Hospital of Shandong University of
Traditional Chinese Medicine (2022-104-KY).

2.1. Inclusion Criteria. The inclusion criteria include the
following: @ patients with a clear medical history, clinically
diagnosed with OVCFs, and with a single vertebral fracture
of the thoracic or lumbar spine subjected to conservative
treatment for 2-6 weeks that was ineffective; @ patients with
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X-ray films showing wedge-shaped and flat vertebral
changes of the thoracic or lumbar vertebral bodies; ® pa-
tients with radiologically confirmed fresh compression
fracture, magnetic resonance imaging (MRI) showing
edema, or an X-ray/computed tomography (CT) scan
proven fracture not older than 3 months, without neuro-
spinal compression symptoms; @ patients treated with
unilateral puncture balloon kyphoplasty (BKP); ® patients
with no diseases affecting bone metabolism such as ab-
normal parathyroid function.

2.2. Exclusion Criteria. The exclusion criteria include the
following: @ patients with incomplete imaging and medical
records and a follow-up time of less than 12 months; @
patients with other neurovascular injuries or serious car-
diovascular diseases; ® patients with pathological fractures
caused by the long-term use of hormones or tumors; @
patients with spinal metastases; ® patients with post-
operative complications such as bone cement leakage, nerve
compression, vascular embolism, infection, and pulmonary
embolism.

2.3. Surgical Criteria. Surgical method: percutaneous
kyphoplasty. The surgery was performed by the same trained
team of physicians in strict compliance with the procedures.
The details are as follows: the patient is in the prone position,
C-arm fluoroscopy is used to determine and mark the needle
entry point of the injured vertebra (right side of injured
vertebra, outside of pedicle), the operation area is routinely
disinfected, and 1% lidocaine is used for local anesthesia.
Under fluoroscopy, a puncture needle was used to puncture
the middle and posterior 1/3 of the injured vertebral body,
the needle core was withdrawn, and the guide drill was
rotated into the anterior and middle 1/3 of the vertebral
body through the puncture channel, anteroposterior to the
spinous process. The pilot drill was withdrawn, the balloon
was inserted, and the balloon was gradually pressurized and
maintained at 10 atm. After observing the recovery of the
height of the injured vertebra, the balloon was removed. The
bone cement (Spine PMMA; OSTEOPAL® V; Heraeus
Medical GmbH, Germany) was adjusted to the toothpaste
stage and slowly injected into the vertebral body through the
puncture channel under fluoroscopy. The filling degree of
the bone cement and presence or absence of leakage were
observed by fluoroscopy. After the bone cement hardened,
the puncture needle was slowly removed, and the needle hole
was covered with a sterile dressing.

2.4. Group Formation. Based on the inclusion and exclusion
criteria, we screened cases meeting the criteria from the
hospital electronic medical record system for a total of 36
cases. The time span was three years. This study comprised
two groups, Group A with sufficient diffusion (Figure 1) and
Group B with insufficient diffusion (Figure 2). Referring to
the evaluation method of the diffusion status of bone cement
within the fracture line, cases were assigned to the corre-
sponding group after reaching a consensus by three
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FIGURE 1: An 80-year-old female patient is diagnosed with an L2 osteoporotic vertebral compression fracture (OVCEF). (a) Preoperative
lateral X-ray. (b) Preoperative sagittal CT. (c) Preoperative coronal CT. (d) Preoperative MRI. (e) Postoperative lateral X-ray.
(f) Postoperative sagittal CT. (g) Postoperative coronal CT. (h) 3D image of the vertebral body and bone cement.

FIGURE 2: An 80-year-old female patient is diagnosed with an L4 osteoporotic vertebral compression fracture (OVCEF). (a) Preoperative
lateral X-ray. (b) Preoperative sagittal CT. (c) Preoperative coronal CT. (d) Preoperative MRI. (e) Postoperative lateral X-ray.
(f) Postoperative sagittal CT. (g) Postoperative coronal CT. (h) 3D image of the vertebral body and bone cement.

experienced physicians based on the imaging data. Finally,
Group A included 23 cases, and Group B included
13 cases.

The evaluation method for the degree of diffusion within
the bone cement fracture line are as follows: first, the fracture
line location was determined preoperatively. The CT sagittal
view showed that the fracture line was band-like, with
compressed dense shadows or vacuum fissures. The position
of the cortical fissure around the vertebral body was

observed to determine the specific direction of the fracture
line (Figures 1(a)-1(d) and 2(a)-2(d)). Then, the degree of
bone cement dispersion was observed postoperatively. Re-
ferring to the specific location of the fracture line determined
before the operation, the X-ray films were observed in the
frontal, lateral or coronal, and sagittal views of CT after the
operation. If the bone cement fully covered the fracture line,
it was considered to have good diffusion, and if it did not



fully cover the fracture line, it was considered to have poor
diffusion (Figures 1(e)-1(g) and 2(e)-2(g)).

2.5. Primary Outcomes. The primary outcomes included the
VAS scores and ODI scores in the patients at preoperation,
2nd day postoperation, and last follow-up. Both scores were
extracted from the medical record system. The VAS score
ranges from 0 to 10; the higher is the score, the more severe is
the pain. The ODI score ranges from 0 to 100; the higher is
the score, the more severe is the dysfunction. Those scores
are recorded by the patient according to their own
conditions.

2.6. Secondary Outcomes. Secondary outcomes included the
following indicators: D baseline patient data, including age
(years), sex, bone mineral density (BMD, g/cm?), imaging
data (X-ray, MRI, CT), surgery time (min), and bone cement
injection volume (ml); @ IVH (mm, lateral X-ray, the
distance between the upper terminal lamina and the lower
terminal lamina) and LKA (degrees, angle between the
superior endplate from the vertebral body one level above
the injured vertebral body and the inferior endplate of the
vertebral body one level below); ® postoperative vertebral
body volume (cm?), bone cement volume (cm?), and bone
cement volume ratio (%) calculated by the GE AW4.7
workstation.

The GE AW4.7 workstation processed the Digital Im-
aging and Communications in Medicine (DICOM) images
of thin-slice CT scans using 3D functions to calculate the
bone cement and vertebral volumes. Thin-layer CT images of
the patient 2d after surgery were extracted using the fol-
lowing scanning parameters: voltage, 120 kV; current smart
mA, 200-500 mA; matrix, 512 x 512 pixels; scanning slice
thickness, 0.625 mm. The imaging data were stored in the
DICOM format. The images were transferred to the GE
AW4.7 workstation, and the soft tissue thin-layer sequence
was selected in the software and entered into the VR mode
for volume reconstruction. The soft tissue thin-layer se-
quence was selected in the software, the VR mode was
entered, and volume reconstruction was performed. scalpel,
add, remove, and pick from VR and other functions were
used to finely adjust the vertebral body, bounded by the
upper and lower cuts of the pedicle, to retain the diseased
vertebra, form a separate fracture vertebral model and
measure the vertebral volume. Then, the bone cement was
separated from the diseased vertebra in the software, and
a high-qualitythree-dimensional model of the bone cement
was obtained using the three-dimensional reconstruction
function. The volume of the bone cement was measured, and
the volume ratio of the bone cement was calculated
(Figures 1(h) and 2(h)).

2.7. Statistical Methods. Statistical analysis was performed
using IBM SPSS Statistics 26.0 (version number: R26.0.0.064,
IBM, USA). Count data such as sex were expressed as counts
(percentage) (n (%)), where n represents the sample size,
using the chi-squared test. The variables data, including age,
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BMD, surgery time, bone cement injection volume, VAS,
ODI, postoperative vertebral body volume, bone cement
volume, bone cement volume ratio, IVH, and LKA, were
assessed in accordance with normal distribution and ho-
mogeneity of variance and were expressed as mean-
s+ standard deviation (SD). Between-group comparisons
were performed using independent sample t-test, within-
group comparisons were performed using paired sample ¢-
test, and 95% confidence intervals (CIs) were calculated. P
values <0.05 indicated a significant difference, P values <0.01
indicated a very significant difference, and P values >0.05
indicated a nonsignificant difference. P values <0.05 were
considered statistically significant differences.

3. Results

3.1. Baseline Characteristics. A total of 36 patients with
OVCFs were included in this study (Supplementary file 1),
all with thoracic or lumbar single vertebral fractures—23
patients in Group A and 13 patients in Group B. The fracture
segments were concentrated in the thoracolumbar segments,
with 16 patients in Group A and 9 patients in Group B. The
age (76.30+9.88 vs. 74.38 £7.29; 95% CI: —4.463 to 8.303;
P =0.545), sex (P =0.274), BMD (-2.84+0.32g/cm’ vs.
-2.93+0.41 g/cm® 95% CI: -0.161 to 0.336; P = 0.480),
injection volume (6.11+1.65ml vs. 5.15+ 1.88 ml; 95% CI:
-0.268 to 2177; P=0.122), and surgery time
(30.87 +8.02 min vs. 33.46 +8.43min; 95% CI: —8.351 to
3.167; P = 0.367) were not significantly different between the
groups (Table 1).

3.2. VAS and ODI. Comparison between the groups is
shown in Table 1. Regarding VAS (Figure 3), no significant
difference was found between preoperative Group A and
Group B. However, on the 2nd day postoperation, Group A
was lower than Group B (3.17 + 0.65 vs. 3.85 +0.56; 95% CI:
—-1.108 to —0.236; P = 0.004). At the last follow-up, Group A
was significantly lower than Group B (1.35+0.57 vs.
2.31+0.75; 95% CI: —1.412 to —0.508; P <0.001). Similarly,
no significant difference was found between preoperative
Group A and Group B regarding the ODI (Figure 4). On the
2nd day postoperation, Group A was lower than Group B
(15.48 £ 4.14 vs. 20.77 £ 4.67; 95% CI: —8.346 to —2.236; P =
0.001). At the last follow-up, Group A was significantly
lower than Group B (10.52+3.78 vs. 14.77 + 3.52; 95% CIL:
—6.847 to —1.648; P = 0.002).

Within-group comparison of Group A is shown in
Table 2. The VAS was 7.13+0.76 before surgery and de-
creased to 3.17 £ 0.65 on the 2nd day postoperation (paired
1,95% CI: 3.713-4.200; P < 0.001) and had already decreased
to 1.35+0.57 at the last follow-up (paired 2, 95% CI:
1.421-2.231; P<0.001). The ODI decreased to 77.65 +4.58
before surgery, to 15.48 + 4.14 on the 2nd day postoperation
(paired 1, 95% CL 15.48+4.14; P<0.001), and to
10.52+3.78 at the last follow-up (paired 2, 95% CIL
2.990-6.923; P <0.001).

Within-group comparison of Group B is shown in Ta-
ble 2. The VAS was 7.31 £ 0.86 before surgery and decreased
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TaBLE 1: Comparison between the groups.
Group A (n=23) Group B (n=13) 95% CI P value

Age (years), mean + SD (range) 76.30 +9.88 (63-98) 74.38 +7.29 (62-84) —4.463 to 8.303  0.545
Sex (male/female), n (%) 2 (8)/21 (91) 0 (0)/13 (100) 0.274
Fracture segment

Thoracic (T1-10) 5 2

Thoracolumbar (T11-L2) 16 9

Lumbar (L3-5) 2 2
BMD (g/cm®), mean +SD (range) -2.84+0.32 (-3.7 to =2.5) —2.93+0.41 (-3.9 to -2.5) -0.161 to 0.336  0.480
Injection volume (ml), mean + SD (range) 6.11+1.65 (4.0-10.0) 5.15+1.88 (3.0-9.0) -0.268 to 2.177  0.122
Surgery time (min), mean + SD (range) 30.87 £8.02 (23-60) 33.46 +8.43 (27-55) —-8.351 to 3.167  0.367
VAS (0-10), mean + SD (range)

Preoperation 7.13+0.76 (6-9) 7.31+0.86 (6-9) -0.736 to 0.382  0.524

2nd day postoperation 3.17 £0.65 (2-5) 3.85+0.56 (3-5) —-1.108 to —0.236  0.004

Last follow-up 1.35+0.57 (0-2) 2.31+0.75 (1-3) —-1.412 to —-0.508 <0.001
ODI (0-100), mean + SD (range)

Preoperation 77.65 +4.58 (68-88) 75.23 +5.75 (64-88) —1.120 to 5.963 0.174

2nd day postoperation 15.48 +4.14 (8-22) 20.77 + 4.67 (14-28) —8.346 to —2.236  0.001

Last follow-up 10.52 +3.78 (2-16) 14.77 +3.52 (10-20) —6.847 to —1.648  0.002
IVH (mm), mean + SD (range)

Preoperation 16.32 +3.82 (9.52-22.31) 16.81 +£3.21 (12.04-24.37)  —3.040 to 2.061 0.699

2nd day postoperation 18.74 +4.56 (11.63-28.49) 18.83+3.75 (14.00-26.21) —3.121 to 2.933 0.950

Last follow-up 18.87 +£4.26 (13.56-26.56) 18.87 +3.47 (13.63-25.63) —2.822 to 2.818 0.999
LKA (°), mean + SD (range)

Preoperation 18.44 +8.28 (3.19-34.90)  15.18 +10.41 (0.04-30.61) —3.142 to 9.678  0.308

2nd day postoperation 14.89 +8.76 (2.82-32.45) 13.17 +7.99 (2.36-28.51) —4.269 to 7.711 0.563

Last follow-up 16.11 +9.65 (3.65-36.32) 14.28 +8.68 (2.65-28.64) —4.739 to 8.408 0.574
Vertebral body volume (cm?), mean +SD (range) 29.86+7.99 (15.96-43.97) 33.81+9.27 (18.77-45.12)  —9.921 to 2.016  0.187
Bone cement volume (cm?), mean + SD (range) 7.08 £2.25 (3.23-11.36) 5.14+1.60 (2.61-7.27) 0.501 to 3.381 0.010
Volume ratio (%) 23.70 15.11 <0.001

Note: BMD, bone mineral density; VAS, visual analog scale; ODI, Oswestry disability index score; IVH, injured vertebral height; LKA, local kyphosis angle.
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FIGURE 3: VAS between the groups.

to 3.85+0.56 on the 2nd day postoperation (paired 1, 95%
CIL: 2.992-3.931; P<0.001) and had already decreased to
2.31+0.75 at the last follow-up (paired 2, 95% CIL:
1.008-2.068; P <0.001). The ODI decreased to 75.23 +5.75

F1GURE 4: ODI between the groups.

before surgery, to 20.77 + 4.66 on the 2nd day postoperation
(paired 1, 95% CI: 50.572-58.351; P <0.001), and to
14.77+3.52 at the last follow-up (paired 2, 95% CI:
2.546-9.454; P = 0.003).



TaBLE 2: VAS and ODI within-group comparisons.
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Mean + SD (range) 95% CI P value
Group A (n=23)
Paired 1 7:13£0.76 (6-9) 3.713-4.200 <0.001
VAS (0-10) 3.17+0.65 (2-5)
Paired 2 3.17£0.65 (2-5) 1.421-2.231 <0.001
1.35+0.57 (0-2) : : :
Paired 1 77.65 +4.58 (68-88) 60.568-63.780 <0.001
ODI (0-100) 15.48 + 4.14 (8-22)
Paired 2 1548+ 4.14 (8-22) 2.990-6.923 <0.001
10.52 +3.78 (2-16) : : .
Group B (n=13)
Paired 1 7:31+0.86 (6-9) 2.992-3.931 <0.001
VAS (0-10) 3.85+0.56 (3-5)
Paired 2 3.8520.56 (3-5) 1.008-2.068 <0.001
231+0.75 (1-3) : . :
Paired 1 75.23+5.75 (64-88) 50.572-58.351 <0.001
ODI (0-100) 20.77 + 4.66 (14-28)
. 20.77 + 4.66 (14-28)
Paired 2 2.546-9.454 0.003

14.77 + 3.52 (10-20)

Note: paired sample t-test. Paired 1, preoperation was paired with the 2nd day postoperation. Paired 2 and 2nd day postoperation were paired with the last

follow-up.

The VAS and ODI changes in the overall sample (n = 36)
were observed using paired sample t-test, both showing
P <0.001, with a statistically significant difference (Table 3).

3.3. Secondary Outcomes. The secondary outcomes are
presented in Table 1. On the 2nd day postoperation, the IVH
was increased in both groups compared with that pre-
operatively (Figure 5), and no significant difference was
found in the comparison between Group A and Group B
(18.74 +4.56 mm vs. 18.83 +3.75mm; 95% CI: —3.121 to
2.933; P =0.950). Regarding the LKA (Figure 6), both
groups were reduced compared with before surgery, and no
significant difference was found between Group A and
Group B (14.89° +8.76" vs. 13.17° +7.99°% 95% CIL: —4.269 to
7.711; P = 0.563). At the last follow-up, IVH was not sig-
nificant (18.87 +4.26 mm in Group A and 18.87 + 3.47 mm
in Group B; 95% CIL: —2.822 to 2.818; P = 0.999). The LKA
increased again, rising to 16.11+9.65 in Group A and
14.28 + 8.68 in Group B (95% CI: —4.739 to 8.408; P = 0.574).

Concerning the vertebral body volume, no significant
difference was found between Group A and Group B
(29.86 +£7.99 cm® vs. 33.81+9.27cm? 95% CL: -9.921 to
2.016; P =0.187). Regarding the bone cement volume,
Group A was larger than Group B (7.08+2.25cm’ vs.
5.14 + 1.60 cm?® 95% CI: 0.501 to 3.381; P = 0.010), and the
difference was statistically significant. The volume ratio of
Group A (23.70%) was greater than that of Group B
(15.11%), with P <0.001, and the difference was statistically
significant.

4, Discussion

4.1. Vertebral Augmentation Can Reduce Pain in Patients with
OVCFs. The study findings showed that the postoperative
VAS and ODI scores of OVCF patients treated by vertebral

body augmentation were significantly improved (Table 3).
On the 2nd day postoperation, VAS decreased to 3.42 + 0.69
and ODI to 17.39+4.99. At the last follow-up, VAS de-
creased to 1.69 +0.79 and ODI to 12.06 +4.18. These find-
ings further indicated that VA could significantly relieve
pain and improve the quality of life of patients. Clark et al.’s
[20] findings showed that vertebral augmentation provides
greater pain relief than conservative treatment for acute
OVCFs. Klazen et al.’s [21] study also showed that vertebral
reinforcement is superior to conservative treatment in pain
relief. However, Firanescu et al.’s [22] randomized sham-
controlled clinical trial reported that vertebral reinforcement
did not show a statistically significant improvement in pain
reduction over sham surgery for OVCFs in the acute phase.
However, vertebral augmentation has the advantages of
a rapid effect, easy operation, little damage, and a short
operation time and wide use in clinical practice [23]. The
mechanism of vertebral augmentation for pain relief re-
mains controversial, and current research suggests that it
may be related to the following factors [24]: (1) the operation
provides corresponding mechanical strength and stability
for the injured vertebra and relieves pain caused by the
abnormal activity of the vertebral body; (2) the polymeri-
zation of bone cement produces a thermal effect, which
burns the nerve tissue at the fractured end; (3) the chemical
toxicity of bone cement itself causes nerve ending necrosis. In
general, vertebral augmentation can rapidly relieve pain and
restore functional activity by injecting bone cement to im-
prove vertebral stability and reduce nerve ending stimulation,
which is also the primary goal of OVCEF treatment [25, 26].

4.2. Sufficient Dispersion of Bone Cement Is More Conducive to
Reducing Postoperative Residual Pain. No significant dif-
ference was found in the preoperative scores between the
groups through intergroup comparison analysis of the VAS
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TaBLE 3: Comparison of VAS and ODI before and after VA.

Mean + SD (range) 95% CI P value
VAS (0-10), (n=36)
. 7.19+0.79 (6-9)
Paired 1 3.4240.69 (2-5) 3.547-4.008 <0.001
. 3.42+0.69 (2-5)
Paired 2 1.69+0.79 (0-3) 1.413-2.031 <0.001
ODI (0-100), (n=36)
. 76.78 +5.09 (64-88)
Paired 1 17.39 4,99 (8-28) 57.331-61.447 <0.001
Paired 2 17.39 4.99 (8-28) 3.660-7.007 <0.001

12.06 + 4.18 (2-20)

Note: paired sample t-test. Paired 1, preoperation was paired with the 2nd day postoperation. Paired 2 and 2nd day postoperation were paired with the last

follow-up.
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FIGURE 5: IVH (mm) between the groups.

and ODI scores (Table 1). However, the VAS and ODI scores
of Group A were significantly better than those of Group B
on the 2nd day postoperation and at the last follow-up. The
present study showed that sufficient diffusion of bone ce-
ment within the fracture line is more conducive to reducing
postoperative residual pain and improving patients’ quality
of life. Mo et al’s [27] study found that an insufficient
distribution of bone cement can lead to inadequate short-
and medium-term postoperative pain relief, which may be
related to the uneven distribution of bone cement leading to
displacement of the fractured vertebral body and micro-
motion around the fracture [28]. Tan et al. [29] found that
bone cement is evenly distributed and in close contact with
the upper and lower endplates, leading to better mainte-
nance of the strength and height of the vertebral body,
areduced risk of refracture, and improved chronic back pain
in the patient.

In addition, other studies have found that residual pain
after vertebral augmentation is associated with thor-
acolumbar fascia injury, erector spinae muscle spasm,

40 —
30
< 20 -
4
—
10
0 | | |
g g &
5 5 2
S T
[ = 2
& g ki
&
o
o
<]
N
B Group A
I Group B

FIGURE 6: LKA (°) between the groups.

intraoperative puncture injury, the bone cement injection
volume, bone mineral density, vertebral body infection, ad-
verse psychological and mental factors, and the bone cement
volume ratio [30]. Therefore, in the present study, we ana-
lyzed the factors that might affect the efficacy of surgery, such
as recovery of the injured vertebral height, the local kyphosis
angle, bone mineral density, the vertebral body volume, the
bone cement volume, and the bone cement volume ratio.

4.3. VA Can Raise the IVH and Reduce the LKA. After VA,
IVH was higher than before; correspondingly, LKA was
lower than before. The present study further confirmed the
role of VA in restoring the height of the injured vertebra,
reducing the LKA, and thereby improving the stability of the
vertebra. However, we compared IVH and LKA between the
two groups; no significant difference was found. This finding
indicates that, in the present study, different distribution
states of bone cement did not affect IVH and LKA. At the
same time, different diffusion states of bone cement did not
affect the relationship between IVH, LKA and postoperative



residual pain. Vertebral augmentation can promote the
height recovery of the injured vertebra and reduce the LKA
in the short-term, which is conducive to reducing the pain of
joints, muscles, and ligaments caused by spinal deformations
[31, 32].

4.4. Sufficient Dispersion of Bone Cement Is Beneficial to
Improve the Volume Ratio and Reduce Pain. In this study, no
significant difference was found in the injection volume
between the groups (P = 0.122), among which Group A was
6.11 +1.65ml and Group B was 5.15+ 1.88 ml. The bone
cement injection volume is an important factor affecting
residual pain after vertebral augmentation. Some studies
have found that an injection volume of bone cement >4.5 ml
can achieve pain relief [33]. When the injection volume of
bone cement is 5ml to 6 ml, the overall treatment effect is
more ideal [34].

The vertebral body volume was 29.86 + 7.99 cm® in Group A
and 33.81 +9.27 cm® in Group B, and the statistical analysis was
P =0.187. No significant difference was found between the
groups. However, the bone cement volume in Group A was
higher than that in Group B, which was 7.08 +2.25cm’ in
Group A and 514+ 1.60cm® in Group B (P = 0.010). After
calculation, the volume ratio of bone cement was 23.70% in
Group A and 15.11% in Group B (P <0.001). Studies have
shown that the volume ratio of bone cement is positively
correlated with pain relief. When the volume ratio of bone
cement is greater than 27.8%, the analgesic effect is better [35].
In addition, a cement volume ratio of more than 40.5% in-
creases the risk of adjacent vertebral fractures [36]. Thus,
injecting a sufficient amount of bone cement and maintaining
a sufficient dispersion state can increase the volume and volume
ratio of bone cement and is more conducive to reducing
postoperative residual pain.

4.5. Surgical Options. Regarding the surgical methods,
vertebral augmentation mainly includes percutaneous ver-
tebroplasty and kyphoplasty. We chose percutaneous uni-
lateral  extrapedicular balloon kyphoplasty, whose
advantages are as follows [37-40]: first, kyphoplasty has
more advantages in restoring the height of the injured
vertebra and promoting the diffusion and distribution of
bone cement in the fracture line. Second, unilateral puncture
can shorten the operation time, and the external pedicle
approach can also ensure better dispersion of bone cement.
Third, kyphoplasty reduces the damage to important organs,
spinal cord, nerves, vertebral body attachments, the dural
sac, and the soft tissue caused by bilateral puncture.

In the present study, the diffusion of bone cement in the
vertebral body was visually displayed. By establishing a three-
dimensional model, the shape of bone cement in the diseased
vertebra can be more intuitively analyzed, and the diffusion
volume and volume ratio of bone cement can be accurately
calculated. The present study demonstrated that the better is the
dispersion of bone cement in the fracture line area, the better is
the surgical effect. In summary, after determining the surgical
plan, controlling the period of the operation, choosing the acute
phase for the operation, controlling the amount of bone cement
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injected, injecting it in the bone cement toothpaste period, and
ensuring the proportion of the bone cement volume in the
vertebral body are all necessary to ensure the effect of the
operation and improve clinical efficacy. At the same time,
clarifying the mechanism of bone cement analgesia and finding
more potential factors affecting residual pain are future research
directions.

5. Limitations

Our study has limitations. This study was a single-center
retrospective analysis with a time span of three years and
a relatively small number of cases, and the data were easily
available through the electronic medical record system.
Therefore, we did not perform routine power or sample size
calculations. Further large-scale, multifactor, and pro-
spective studies must be performed.

6. Conclusions

Our study showed that bone cement has sufficient diffusion
in the fracture line area, which is beneficial for relieving
postoperative pain and improving quality of life.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

Kang Yao and Yungang Chen contributed equally to this
work, and hence should be considered as co-first authors.

Acknowledgments

The authors thank their colleagues in the Department of Ra-
diology, Affiliated Hospital of Shandong University of Tradi-
tional Chinese Medicine, for providing imaging technical
support for the study. This work was supported by Clinical
Medical Science and Technology Innovation Program (Jinan
Science & Technology Bureau, 201805082), Shandong Province
Key R&D Program (Department of Science & Technology of
Shandong Province, 2018 GSF119011), and Shandong Natural
Science Foundation (Department of Science & Technology of
Shandong Province, ZR2021MH254).

Supplementary Materials

Supplementary file 1: raw data. (Supplementary Materials)

References

[1] Y. Long, W. Yi, and D. Yang, “Advances in vertebral aug-
mentation systems for osteoporotic vertebral compression
fractures,” Pain Research and Management, vol. 2020, pp. 1-9,
Article ID 3947368, 2020.


https://downloads.hindawi.com/journals/prm/2023/1157611.f1.doc

Pain Research and Management

(2]

(3]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

T. D. Rachner, S. Khosla, and L. C. Hofbauer, “Osteoporosis:
now and the future,” The Lancet, vol. 377, no. 9773,
pp. 1276-1287, 2011.

Y. Li, J. Tian, M. Ge et al., “A worldwide bibliometric analysis
of published literature on osteoporosis vertebral compression
fracture,” Journal of Pain Research, vol. 15, pp. 2373-2392,
2022.

Z.Xu, D. Hao, L. Dong, L. Yan, and B. He, “Surgical options
for symptomatic old osteoporotic vertebral compression
fractures: a retrospective study of 238 cases,” BMC Surgery,
vol. 21, no. 1, p. 22, 2021.

M. S. LeBoff, S. L. Greenspan, K. L. Insogna et al., “The
clinician’s guide to prevention and treatment of osteoporosis,”
Osteoporosis International, vol. 33, no. 10, pp. 2049-2102,
2022.

C. B. Johnston and M. Dagar, “Osteoporosis in older adults,”
Medical Clinics of North America, vol. 104, no. 5, pp. 873-884,
2020.

M. Che, Y. Wang, Y. Zhao et al., “Finite element analysis of
a new type of spinal protection device for the prevention and
treatment of osteoporotic vertebral compression fractures,”
Orthopaedic Surgery, vol. 14, no. 3, pp. 577-586, 2022.

C. Ji, Y. Rong, J. Wang et al,, “Risk factors for refracture
following primary osteoporotic vertebral compression frac-
tures,” Pain Physician, vol. 24, no. 3, pp. E335-E340, 2021.
S. Prost, S. Pesenti, S. Fuentes, P. Tropiano, and B. Blondel,
“Treatment of osteoporotic vertebral fractures,” Orthopaedics
and Traumatology: Surgery & Research, vol. 107, no. 1, Article
ID 102779, 2021.

C. N. Gu, W. Brinjikji, A. J. Evans, M. H. Murad, and
D. F. Kallmes, “Outcomes of vertebroplasty compared with
kyphoplasty: a systematic review and meta-analysis,” Journal
of Neurointerventional Surgery, vol. 8, no. 6, pp. 636-642,
2016.

Y. Cheng and Y. Liu, “Percutaneous curved vertebroplasty in
the treatment of thoracolumbar osteoporotic vertebral
compression fractures,” Journal of International Medical
Research, vol. 47, no. 6, pp. 2424-2433, 2019.

S. Lou, X. Shi, X. Zhang, H. Lyu, Z. Li, and Y. Wang,
“Percutaneous vertebroplasty versus non-operative treatment
for osteoporotic vertebral compression fractures: a meta-
analysis of randomized controlled trials,” Osteoporosis In-
ternational, vol. 30, no. 12, pp- 2369-2380, 2019.

X. Fan, S. Li, X. Zeng, W. Yu, and X. Liu, “Risk factors for
thoracolumbar pain following percutaneous vertebroplasty
for osteoporotic vertebral compression fractures,” Journal of
International Medical Research, vol. 49, no. 1, Article ID
030006052198946, 2021.

S. B. Broy, “The vertebral fracture cascade: etiology and
clinical implications,” Journal of Clinical Densitometry,
vol. 19, no. 1, pp. 29-34, 2016.

W. Wang, Z. Wang, Z. Zhu, F. Zhu, and Y. Qiu, “Body
composition in males with adolescent idiopathic scoliosis:
a case-control study with dual-energyX-ray absorptiometry,”
BMC Musculoskeletal Disorders, vol. 17, no. 1, p. 107, 2016.
Y. Yan, R. Xu, and T. Zou, “Is thoracolumbar fascia injury the
cause of residual back pain after percutaneous vertebroplasty?
A prospective cohort study,” Osteoporosis International,
vol. 26, no. 3, pp- 1119-1124, 2015.

Q. Li, L. Shi, Y. Wang et al., “A nomogram for predicting the
residual back pain after percutaneous vertebroplasty for os-
teoporotic vertebral compression fractures,” Pain Research
and Management, vol. 2021, pp. 1-12, Article ID 3624614,
2021.

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

[28

[29]

(30]

(31]

W. B. Yu, X. B. Jiang, D. Liang, W. X. Xu, L. Q. Ye, and
J. Wang, “Risk factors and score for recollapse of the aug-
mented vertebrae after percutaneous vertebroplasty in oste-
oporotic vertebral compression fractures,” Osteoporosis
International, vol. 30, no. 2, pp. 423-430, 2019.

J. S. Park and Y. S. Park, “Survival analysis and risk factors of
new vertebral fracture after vertebroplasty for osteoporotic
vertebral compression fracture,” The Spine Journal, vol. 21,
no. 8, pp. 1355-1361, 2021.

W. Clark, P. Bird, P. Gonski et al., “Safety and efficacy of
vertebroplasty for acute painful osteoporotic fractures (VA-
POUR): a multicentre, randomised, double-blind, placebo-
controlled trial,” The Lancet, vol. 388, pp. 1408-1416, Article
ID 10052, 2016.

C. A. Klazen, P. N. Lohle, J. de Vries et al., “Vertebroplasty
versus conservative treatment in acute osteoporotic vertebral
compression fractures (Vertos II): an open-label randomised
trial,” The Lancet, vol. 376, no. 9746, pp. 1085-1092, 2010.
C. E. Firanescu, J. de Vries, P. Lodder, A. Venmans, and
M. C. Schoemaker, “Vertebroplasty versus sham procedure
for painful acute osteoporotic vertebral compression fractures
(VERTOS 1V): randomised sham controlled clinical trial,”
BM], vol. 361, Article ID k1551, 2018.

M. O. Baerlocher, W. E. Saad, S. Dariushnia, J. D. Barr,
J. K. McGraw, and B. Nikolic, “Quality improvement
guidelines for percutaneous vertebroplasty,” Journal of Vas-
cular and Interventional Radiology, vol. 25, no. 2, pp. 165-170,
2014.

W. Xu, S. Wang, C. Chen et al., “Correlation analysis between
the magnetic resonance imaging characteristics of osteopo-
rotic vertebral compression fractures and the efficacy of
percutaneous vertebroplasty: a prospective cohort study,”
BMC Musculoskeletal Disorders, vol. 19, no. 1, p. 114, 2018.
T. R. Blattert, K. J. Schnake, O. Gonschorek et al., “Non-
surgical and surgical management of osteoporotic vertebral
body fractures: recommendations of the spine section of the
German society for orthopaedics and trauma (DGOU),”
Global Spine Journal, vol. 8, no. 2, pp. 50S-55S, 2018.

A. Kriiger, M. Bdumlein, T. Knauf, H. Pascal-Moussellard,
S. Ruchholtz, and L. Oberkircher, “Height and volume res-
toration in osteoporotic vertebral compression fractures:
a biomechanical comparison of standard balloon kyphoplasty
versus Tektona” in a cadaveric fracture model,” BMC Mus-
culoskeletal Disorders, vol. 22, no. 1, p. 76, 2021.

L. Mo, Z. Wu, D. Liang et al., “Influence of bone cement
distribution on outcomes following percutaneous verte-
broplasty: a retrospective matched-cohort study,” Journal of
International Medical Research, vol. 49, no. 7, Article ID
030006052110222, 2021.

D. Liang, L. Q. Ye, X. B. Jiang et al., “Biomechanical effects of
cement distribution in the fractured area on osteoporotic
vertebral compression fractures: a three-dimensional finite
element analysis,” Journal of Surgical Research, vol. 195, no. 1,
pp. 246-256, 2015.

L. Tan, B. Wen, Z. Guo, and Z. Chen, “The effect of bone
cement distribution on the outcome of percutaneous Ver-
tebroplasty: a case cohort study,” BMC Musculoskeletal Dis-
orders, vol. 21, no. 1, p. 541, 2020.

Z. Fu, X. Hu, Y. Wu, and Z. Zhou, “Is there a dose-response
relationship of cement volume with cement leakage and pain
relief after vertebroplasty?” Dose Response, vol. 14, no. 4,
Article ID 155932581668286, 2016.

Q.Li, X. Long, Y. Wang et al,, “Development and validation of
a nomogram for predicting the probability of new vertebral



10

compression fractures after vertebral augmentation of oste-
oporotic vertebral compression fractures,” BMC Musculo-
skeletal Disorders, vol. 22, no. 1, p. 957, 2021.

[32] T. Funck-Brentano, B. Hamze, G. Odri, P. Orcel, J. D. Laredo,
and V. Bousson, “Percutaneous vertebral augmentation
techniques in osteoporotic and traumatic fractures,” Seminars
in Interventional Radiology, vol. 35, no. 04, pp. 309-323, 2018.

[33] C. Roder, B. Boszczyk, G. Perler, E. Aghayev, F. Kulling, and
G. Maestretti, “Cement volume is the most important
modifiable predictor for pain relief in BKP: results from
SWISSspine, a nationwide registry,” European Spine Journal,
vol. 22, no. 10, pp. 2241-2248, 2013.

[34] A. Sebaaly, M. Rizkallah, F. Bachour, F. Atallah, P. E. Moreau,
and G. Maalouf, “Percutaneous cement augmentation for
osteoporotic vertebral fractures,” EFORT Open Reviews, vol. 2,
no. 6, pp. 293-299, 2017.

[35] H. M. Kwon, S. P. Lee, J. W. Baek, and S. H. Kim, “Ap-
propriate cement volume in vertebroplasty: a multivariate
analysis with short-termfollow-up,” Korean Journal of Nu-
trition, vol. 12, no. 2, pp. 128-134, 2016.

[36] L. Hu, H. Sun, H. Wang et al., “Cement injection and
postoperative vertebral fractures during vertebroplasty,”
Journal of Orthopaedic Surgery and Research, vol. 14, no. 1,
p. 228, 2019.

[37] A.S. Abdelgawaad, A. Ezzati, R. Govindasamy, B. Krajnovic,
B. Elnady, and G. Z. Said, “Kyphoplasty for osteoporotic
vertebral fractures with posterior wall injury,” The Spine
Journal, vol. 18, no. 7, pp. 1143-1148, 2018.

[38] Y. Robinson, C. E. Heyde, P. Forsth, and C. Olerud,
“Kyphoplasty in osteoporotic vertebral compression frac-
tures--guidelines and technical considerations,” Journal of
Orthopaedic Surgery and Research, vol. 6, no. 1, p. 43, 2011.

[39] J. L. Perez, A. Ozpinar, N. Agarwal, E. Hacker, N. Alan, and
P. C. Gerszten, “Safety and efficacy of balloon kyphoplasty for
vertebral fractures with posterior wall disruption,” The In-
ternet Journal of Spine Surgery, vol. 15, no. 2, pp. 353-358,
2021.

[40] Z. Huang, S. Wan, L. Ning, and S. Han, “Is unilateral
kyphoplasty as effective and safe as bilateral kyphoplasties for
osteoporotic vertebral compression fractures? A meta-
analysis,” Clinical Orthopaedics and Related Research,
vol. 472, no. 9, pp. 2833-2842, 2014.

Pain Research and Management





