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Objective. To explain the potential mechanisms of Drynariae Rhizoma (DR) in the treatment of low back pain (LBP). Design.
Network pharmacology was used to reveal the potential mechanisms including collecting the active ingredients of DR,
analyzing the common gene targets of LBP and DR, constructing protein-protein interaction (PPI) network, collecting protein
classification, performing Gene Ontology (GO) functional analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway enrichment analysis, and verifying significant gene targets. Results. 234 different gene targets and 18 active
compounds altogether were obtained. AKT1, VEGFA, and HIF1A were deemed to be major gene targets based on the degree
values. According to GO analysis, steroid metabolic process involved 42 (18.10%) potential therapeutic LBP targets, neuronal
cell body involved 24 (10.30%) potential therapeutic LBP targets, and protein serine/threonine kinase activity involved 28
(12.02%) potential therapeutic LBP targets in biological process (BP), cellular component (CC), and molecular function (MF),
respectively. According to KEGG and pathway interaction analyses, the PI3K-Akt signaling pathway involved 34 (15.89%)
potential therapeutic LBP targets, and PI3K-Akt signaling pathway played a significant role in the treatment of LBP. The
mRNA expression levels of AKT1 and HIFIA were upregulated in healthy nucleus pulposus (NP) tissue than in degenerative
NP tissue. In contrast, the mRNA expression level of VEGFA was downregulated in healthy NP tissue than in degenerative NP
tissue. Conclusions. In this study, we identified a potential relationship between LBP and DR in this work, as well as a
synergistic mechanism of DR in the treatment of LBP, which serves as a benchmark for further in vivo and in vitro research.

1. Introduction

Low back pain (LBP) is a very common and high-impact
health problem all over the world. The lifetime prevalence
of LBP is 84%, the prevalence of chronic LBP is approxi-
mately 23%, and 11% to 12% of people are disabled due to
LBP [1, 2]. The researches have shown that low back pain
(LBP) is the second most commonly diagnosed pain condi-
tion in the United States, and although most people experi-
ence pain resolution in the acute phase, an estimated 40%
experience persistent pain [3, 4]. Two-thirds of adults will
suffer from low back pain and its associated disorders at
some point in their lives [5]. LBP is now clearly recognized

as a major public health problem. Symptoms of LBP are
the second most common complaint after the common cold.
In 70% of cases, LBP has no apparent etiology or well-
known pathogenesis [5, 6]. Conventional treatments includ-
ing drug therapy and surgery have shown some effects. Like-
wise, these treatments also brought some adverse effects. For
example, some surgical treatments experienced failure. Even
worse, some people will repeat surgical interventions at a
rate of 13.4% to 32% [2]. Under the circumstances, better
treatments should be widely applied to clinics.

Traditional Chinese medicine (TCM) is based on the
fundamental theory of balance between yin and yang and
five basic elements [4]. TCM has been widely used to treat
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numerous diseases such as intervertebral disc degenerative
diseases [7]. Acupuncture and Chinese herbal medicine are
frequently used to successfully treat pain-related disorders
such as neck pain and low back pain. Due to its low risk of
side effects, safety, and effective results, Drynariae Rhizoma
(DR), a type of Chinese herbal medicine (gusuibu), is fre-
quently used in the treatment of osteoporosis and fracture
[8, 9]. The clinical outcomes have confirmed that naringin,
a main active component of the DR, can alleviate the symp-
toms of low back pain (LBP). What is more, basic studies
have shown that naringin enhanced cell proliferation by
inhibiting TNF-a and MMP-3 and raising the expression
of collagen II and aggrecan. This substance may also reduce
local inflammation, which would slow intervertebral disc
degeneration. The research also indicated that naringin
may become an alternative therapeutic agent for pain associ-
ated with disc degeneration such as NP and LBP [10]. With
the development of network pharmacology, we believe that
multiple targets of diseases can be regulated by various
ingredients contained in an herb [11]. Nonetheless, no
research on the mechanisms of DR in the management of
LBP has been published.

Network pharmacology has played a significant role in
modern TCM research, which has provided powerful theo-
retical evidence for the discovery of new therapeutic targets
of TCM [12]. Our study will research the new therapeutic
targets of DR for LBP and provide new theoretical support
for DR in the treatment of LBP.

2. Method

2.1. Screening for Active Ingredients of Drynariae Rhizoma. We
screened for the active ingredients of Drynariae Rhizoma by
searching for the database of traditional Chinese medicine sys-
tem and analyzing platforms (TCMSP) [13] on the basis of
ADME (absorption, distribution, metabolism, and excretion)
criterion, which includes chemicals, targets and drug-target net-
works, associated drug-target-disease networks, etc. According
to TCMSP, oral bioavailability (OB) > 30% and druglikeness
(DL) > 0.18 are used to assess the potential active ingredi-
ents of DR in the treatment of LBP.

2.2. Searching the Chemical Structure and Gene Target of
Active Ingredients. We downloaded the chemical structures
of the active ingredients of DR from TCMSP or PubChem
[14] and stored them in mol2 format. The PubChem data-
base is the largest collection of freely accessible chemical
information in the world. The related SMILES of these
potential active ingredients obtained from TCMSP and Pub-
Chem were imported into the SwissTargetPrediction data-
base [15] to gain gene target.

2.3. Gene Target Prediction between Drynariae Rhizoma and
Low Back Pain. There were several databases being used to
search for the gene targets associated with LBP, including Gen-
ecards database [16], DisGeNET database [17], and OMIM
database [18]. Whereafter, we would delete the duplicate and
wrong gene targets. Last but not least, we used the Venny tool
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(http://bioinfogp.cnb.csic.es/tools/venny/index.html) to obtain
the common gene targets of LBP and DR.

2.4. Building the Ingredient-Target Network of Drynariae
Rhizoma. The Cytoscape software (version 3.7.1) was used to
construct the ingredient-target network of DR with the utiliza-
tion of the obtained common gene targets. The Cytoscape
software is an open source software platform for visualizing
molecular interaction networks and biological pathways and
integrating these networks with annotations, gene expression
profiles, and other state data [19].

2.5. Constructing Protein-Protein Interaction (PPI) of Drynariae
Rhizoma. We used the STRING database to construct protein-
protein interaction of the common gene targets of LBP and DR.
The STRING database (http://string-db.org/, version 11.0) is
based on completing a comprehensive and objective global net-
work. Many available sources of protein-protein interaction
information have been collected and integrated into the
STRING database. The latest version (11.0) of the STRING
database covers more than 5000 organisms [20]. The specific
procedure was followed. Firstly, the common protein targets
of LBP and DR were imported into the STRING database.
Homo sapiens was selected, and the highest confidence was
set 0.9 in the minimum required interaction score. Then, the
TSV format of the results was exported. Meanwhile, these
results were imported into the Cytoscape software (version
3.7.1) to analyze the protein-protein interaction. Finally, the
network results of protein-protein interaction were exported.

2.6. Gene Ontology (GO) Functional Analysis and Kyoto
Encyclopedia of Genes and Genomes (KEGG) Pathway
Enrichment Analysis. To analyze the common gene targets
of LBP and DR, we made use of Gene Ontology (GO) func-
tional analysis and identified the important signaling path-
way through Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway enrichment analysis. The processes above
were performed with the help of the Metascape database
(http://metascape.org). Metascape is a database providing a
comprehensive gene list annotation and analysis resource.
The database contains functional enrichment, interactome
analysis, and gene annotation [21]. The processes of analysis
were followed. First, the common gene targets of NP and DR
were imported into the Metascape database. Homo sapiens
was chosen, and we clicked on the custom analysis. Second,
the P value was set to 0.01, and the min enrichment was set
to 5. In particular, we selected GO biological processes (BP),
GO cellular components (CC), GO molecular functions
(MF), and KEGG pathway. Finally, we clicked the enrich-
ment analysis and downloaded the data of GO and KEGG
pathways. The GraphPad Prism 7.0 software was used to
process the data for GO analysis, and an online analysis tool
(http://www.aipufu.com/index.html) was used to process the
data for KEGG pathways into bubble charts.

2.7. Verification of the Effect of DR. We obtained nucleus
pulposus (NP) tissues from two patients with low back pain.
According to the Pfirrmann classification score of magnetic
resonance imaging, relatively healthy NP tissue was grades
I~1I, and degenerated NP tissue was grades III~V [22, 23].
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TaBLE 1: Active ingredients of Drynariae Rhizoma.

Molecule ID Molecule name Structure OB (%) DL

MOL001040 (2R)-5,7-Dihydroxy-2-(4-hydroxyphenyl) chroman-4-one _ 42.36 0.21

MOL001978 Aureusidin o 53.42 0.24

MOL002914 Eriodyctiol (flavanone) ~ 41.35 0.24

\.

MOL000449 Stigmasterol [ 43.83 0.76
A

MOLO000358 Beta-sitosterol P 36.91 0.75
~ Lk

MOL000422 Kaempferol 41.88 0.24

MOL004328 Naringenin 59.29 0.21

MOL005190 Eriodictyol ~ 71.79 0.24

MOLO000006 Luteolin 36.16 0.25

MOL009061 22-Stigmasten-3-one L 39.25 0.76

MOL009063 Cyclolaudenol acetate 41.66 0.79
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TasLE 1: Continued.

Molecule ID Molecule name Structure OB (%) DL
MOL009075 Cycloartenone o L& 40.57 0.79
|
MOL000492 (+)-Catechin "o \/Loj\r’\xl 54.83 0.24
B T""" ~o
MOL000569 Digallate s . 61.85 0.26
[ L=
o ‘ # o
MOL009078 Davallioside A_qt . w.[//j: o 62.65 0.51
\gj\’ -
MOL009087 marioside_qt ., /\f;)/n b 70.79 0.19
MOL009076 Cyclolaudenol o L6 39.05 0.79
T <]
MOL009091 Xanthogalenol 41.08 0.32

The Pfirrmann grades for these two NP tissues were grade II
and grade IV, respectively. NP tissues were harvested under
sterile conditions and immediately sent to the laboratory.
Written informed consent was obtained from each patient.
The study was approved by the Ethics Committee of Hubei
Provincial Hospital of Traditional Chinese Medicine. The
ethics number was HBZY2022-C03-02.

2.8. Quantitative Real-Time Polymerase Chain Reaction
(qRT-PCR) Analysis. We extracted RNA from nucleus pul-
posus tissue as well as cells using TRIzol reagent (Ambion,
Foster City, CA, USA) following the manufacturer’s instruc-

tions. We apply PrimeScript RT Master Mix (Takara Bio,
Shiga, Japan) to obtain first-strand cDNA of whole RNA,
and for qPCR detection, we used One-Step SYBR Prime-
Script RT-PCR Kit (Takara Bio). The primer sequences were
designed as follows: AKT1: forward: 5-TGGACTACCTG
CACTCGGAGAA-3', reverse: 5 -GTGCCGCAAAAGGT
CTTCATGG-3'; VEGFA: forward: 5 -TTGCCTTGCTG
CTCTACCTCCA-3', reverse: 5-GATGGCAGTAGCTG
CGCTGATA-3'; HIF1A: forward: 5-TATGAGCCAGA
AGAACTTTTAGGC-3, reverse: 5'-CACCTCTTTTGGCA
AGCATCCTG-3'; and GAPDH: forward: 5'-TCCACT
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Drynariae rhizoma

Low back pain

FIGURE 1: Venn diagram of common gene targets of LBP and DR.

GGCGTCTTCACC-3', reverse: 5'-GGCAGAGATGATGA
CCCTTTT-3". We used 274““" way to count these relative
expression standards.

2.9. Statistical Analysis. Data are presented as mean +
standard deviation (SD). Statistical analysis was performed
by the SPSS 26.0 (SPSS, Inc., Chicago, IL, USA) and GraphPad
Prism 7.0 software. Each experiment was performed at least
three times. Multiple group outcomes were tested by one-
way analysis of variance (ANOVA) test followed by Tukey’s
post hoc test. The Student’s ¢-test was applied to analyze the
two sets of parameters. Statistical significance was P < 0.05.

3. Results

3.1. Active Ingredients of Drynariae Rhizoma. We obtained 71
ingredients of DR and 18 active ingredients from TCMSP.
After excluding the invalid ingredients including (+)-catechin,
(2R)-5,7-dihydroxy-2-(4-hydroxyphenyl)chroman-4-one,22-

stigmasten-3-one, and beta-sitosterol_qt, we finally selected 18
active ingredients of DR including (2R)-5,7-dihydroxy-2-(4-
hydroxyphenyl)chroman-4-one, aureusidin, eriodyctiol (fla-
vanone), stigmasterol, beta-sitosterol, kaempferol, naringenin,
(+)-catechin, eriodictyol, digallate, luteolin, 22-stigmasten-3-
one, Cyclolaudenol acetate, cycloartenone, cyclolaudenol,
davallioside A_qt, marioside_qt, and xanthogalenol. The basic
information of 18 active ingredients is shown in Table 1.

3.2. Gene Target Prediction. We obtained 264 gene targets
associated with DR and 8409 gene targets associated with
LBP after excluding invalid and duplicate gene targets. A
total of 233 common gene targets are shown in Figure 1.

3.3. Ingredient-Target Network of Drynariae Rhizoma. The
Cytoscape software was used to construct the ingredient-
target network as shown in Figure 2. The orange oval nodes
are 15 selected active ingredients of DR, and the light blue
rectangle nodes are the common gene targets of LBP and
DR. The network contains 264 nodes. According to the net-

work, DR has multicomponent and multitarget characteris-
tics due to the presence of multiple relationships between
the active ingredient and the gene target.

3.4. Protein-Protein Interaction of Drynariae Rhizoma String.
The network of PPI analyzed 231 common protein targets as
shown in Figure 3. These nodes represent different proteins,
and the size and color of these nodes represent different values
of degree. The greater the value of degree, the larger these
nodes and brighter the color. According to degree values, the
three significant protein targets were AKT1, VEGFA, and
HIFIA as shown in Table 2.

3.5. GO Functional Analysis and KEGG Pathway Enrichment
Analysis. After GO functional analysis of the common gene
targets of DR and LBP through the Metascape database
(P < 0.05), we obtained a total of 2947 enriched results, includ-
ing 2478 results of biological processes (BP), 111 results of cel-
lular components (CC), and 221 results of molecular functions
(MF). We selected the top several enrichment results as shown
in Figure 4. In the enrichment results of BP (Figure 4), we
found that steroid metabolic process involved 42 (18.10%)
potential therapeutic LBP targets, organic anion transport
involved 39 (16.81%) potential therapeutic LBP targets, regula-
tion of small molecule metabolic processes and regulation of
lipid metabolic process involved 38 (16.38%) potential thera-
peutic LBP targets, and so on. In the enrichment results of
CC (Figure 5), we found that neuronal cell body involved 24
(10.30%) potential therapeutic LBP targets, nuclear envelope
and vesicle lumen involved 17 (7.30%) potential therapeutic
LBP targets, cytoplasmic vesicle lumen involved 16 (6.87%)
potential therapeutic LBP targets, and so on. In the enrichment
results of MF (Figure 6), protein serine/threonine kinase activ-
ity involved 28 (12.02%) potential therapeutic LBP targets,
protein tyrosine kinase activity involved 21 (9.01%) potential
therapeutic LBP targets, steroid hormone receptor activity
involved 19 (8.15%) potential therapeutic LBP targets, nuclear
receptor activity and transcription factor activity, direct ligand
regulated sequence-specific DNA binding and endopeptidase
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FIGURE 2: Ingredient-target network of Drynariae Rhizoma. Note: the orange oval nodes represent active ingredients of DR, and the light

blue rectangle nodes are the common gene targets of LBP and DR.

activity involved 18 (7.72%) potential therapeutic LBP targets
and so on.

After KEGG pathway enrichment analysis of the common
gene targets of DR and LBP through the Metascape database
(P <0.05), we obtained a total of 136 enriched results. We
selected the top 10 enrichment results as shown in Figure 7.
According to the results of bubble chart, PI3K-Akt signaling
pathway involved 34 (15.89%) potential therapeutic LBP tar-
gets, microRNAs in cancer and proteoglycans in cancer; Ras
signaling pathway involved 23 (10.75%) potential therapeutic
LBP targets; neuroactive ligand-receptor interaction involved
22 (10.28%) potential therapeutic LBP targets; prostate cancer,

Rapl signaling pathway, Alzheimer disease, and MAPK sig-
naling pathway involved 20 (9.35%) potential therapeutic
LBP targets and so on.

3.6. Validation of the Significant Protein Targets. PCR analy-
sis was used to verify the mRNA expression levels of these 3
significant protein targets. The mRNA expression levels of
AKT1 and HIFIA were upregulated in healthy NP tissue
than in degenerative NP tissue. On the contrary, the mRNA
expression level of VEGFA was downregulated in healthy
NP tissue than in degenerative NP tissue. These results are
shown in Figure 8.
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FIGURE 3: Protein-protein interaction network of Drynariae Rhizoma. Note: the size and color represent different degree values.

TaBLE 2: Basic information of three significant protein targets.

No. Gene targets Degree Betweenness centrality Closeness centrality
AKT1 78 54.833 0.976
VEGFA 78 46.911 0.976
HIF1A 72 33.905 0.909

4. Discussion

Low back pain has been a public problem, which seriously
affecting people’s daily life. Low back pain is mainly secondary
to the diseases of cervical disc degeneration, cervical spondylo-
sis, trauma, and so on. It is indicated that low back pain is the
fourth most common reason for disability in the US, and
women are more likely than men to experience low back pain
[24]. We constructed a biological network between active
ingredients of DR and common gene targets to reveal the
mechanism of DR in the treatment of LBP. In the biological
network, we selected 18 active ingredients, including (2R)-
5,7-dihydroxy-2-(4-hydroxyphenyl)chroman-4-one, aureusi-

din, eriodyctiol (flavanone), stigmasterol, beta-sitosterol,
kaempferol, naringenin, (+)-catechin, eriodictyol, digallate,
luteolin, 22-stigmasten-3-one, cyclolaudenol acetate, cycloarte-
none, cyclolaudenol, davallioside A_qt, marioside_qt, and
xanthogalenol, most of which are flavonoid compounds. As a
main active ingredient, it has been reported that naringenin
plays an important role in treating degenerative human
nucleus pulposus cells through inhibiting the expression of
inflammatory factors such as TNF-« [10]. Clinical evidence
has revealed that non-steroidal anti-inflammatory drugs are
effective for low back pain [23, 24]. Similarly, the extraction
method with 70% ethanol of DR results in higher antioxidant
activity [25]. Based on the strong relationship between these
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FIGURE 4: The Gene Ontology functional analysis of common gene targets.

active ingredients and common gene targets in the network,
we predict that DR will have an effect in the treatment of
LBP via anti-inflammatory and antioxidant functions.

A total of 8176 gene targets of LBP were found, and a
total of 264 common gene targets were selected in the net-
work, some of which have played a significant role in the
progress or cure of LBP secondary to cervical disc herniation
and so on. These common gene targets have effects of anti-
inflammatory, angiogenesis, proliferation, and inhibition of
disc herniation, which has the similar modern drug theory
of “multi-ingredients, multitarget” [26].

We constructed a PPI network to analyze the interactions
of these common proteins. In this network, a total of 234 pro-
tein targets were selected. These protein targets have different
effects, such as anti-inflammatory, antiapoptosis, and prolifer-
ation, some of which have been confirmed by some cell exper-
iments. AKT1, VEGFA, and HIF1A were identified as three
significant protein targets according to the degree values.
Studies have shown that VEGFA plays an important role in
spare nerve injury- (SNI-) induced neuropathic pain, which
is mediated by enhancing the expression and colocalization
of VEGFA, p-AKT, and TRPV1 in a SNI-induced neuropathic
pain model, which also improves expression of VEGFA,
VEGFR2, p-AKT and TRPVI in the spinal cord [27-29].
Pasku et al and Chen et al. indicated that AKT1 was associated
with disc herniation and pain. The study found that when
AKT]1 transcription was activated, disc herniation was deteri-
orated and AKT1 mRNA was related to AKT3 only in herni-
ated discs. They also confirmed that neovascularization was
associated with disc degeneration and herniation, and AKT1

was associated with angiogenesis [30, 31]. According to much
evidence shown above, we predict that the 18 active ingredi-
ents of DR have the potential ability to combine with the pro-
tein targets of LBP. As a major nuclear transcription factor
regulated by hypoxia, HIF-1a has a broad target gene spec-
trum and can regulate about 1% of all genes in human, includ-
ing the following: genes related to angiogenesis, including the
coding genes of VEGF and its vascular endothelial growth fac-
tor receptor (VEGFR); genes related to cell proliferation and
apoptosis, including insulin-like growth factor-2 (IGF-2) and
transforming growth factor-A (TGF-a) p42/p44 mitogen acti-
vated protein kinase, P13K, p53, MDM2, and other coding
genes; glucose metabolism, including glucose transporters
GLUT 1 and GLUT 3 and transmembrane hydrogenase; and
genes related to iron metabolism, including transfer receptor
and ceruloplasmin.

We performed GO functional analysis to analyze the com-
mon genes of LBP and DR. According to analysis results, we
found that these common genes have multiple functions in
BP, CC, and MF. In the BP, the steroid metabolic process
involved 42 (18.10%) gene targets, while organic anion trans-
port involved 39 (16.81%) gene targets, promoting cell prolif-
eration in the treatment of LBP. A study has proposed that
epidural steroid injections are one of the most common non-
surgical treatments for low back pain. In general, corticoste-
roid treatment often results in bone loss and osteoporosis.
Neuronal cell body involved 24 (10.30%) gene targets, nuclear
envelope and vesicle lumen involved 17 (7.30%) gene targets,
and cytoplasmic vesicle lumen involved 16 (6.87%) gene tar-
gets in the CC, which reveals that these gene targets may make
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effects through plasma membrane. Protein serine/threonine
kinase activity involved 28 (12.02%) gene targets, protein tyro-
sine kinase activity involved 21 (9.01%) gene targets, and steroid
hormone receptor activity involved 19 (8.15%) gene targets in
the MF, which reveals that ribonucleotide binding may play a
significant role in the regulation of gene targets for DR.

We summarized the pathway enrichment analysis through
the KEGG database to clarify the mechanism between DR and
LBP. PI3K-Akt signaling pathway involved 34 (15.89%) gene
targets, microRNAs in cancer and proteoglycans in cancer;
Ras signaling pathway involved 23 (10.75%) gene targets; neu-

roactive ligand-receptor interaction involved 22 (10.28%) gene
targets; prostate cancer, Rapl signaling pathway, Alzheimer
disease, and MAPK signaling pathway involved 20 (9.35%)
gene targets and so on. In these pathways, PI3K-Akt signaling
pathway and Ras signaling pathway play a significant part in
the development of LBP. Xu et al. found that the activation
of PI3K-Akt signaling pathway is associated with high expres-
sion of inflammatory-related factors in intervertebral disc her-
niation [32]. Radicular pain was contributed via the activation
of p38 MAPK signaling pathway [33]. According to the net-
work pharmacology, we provide PI3K-Akt and Ras signaling
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pathways as references to reveal the mechanism of DR in the
treatment of LBP.

In conclusion, we used network pharmacology to indicate
the potential association between DR and LBP and synergistic
mechanism of DR in the treatment of LBP through prediction
of gene and protein targets, which provides a reference for
future study in vivo and in vitro.
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Study Design. Controlled laboratory study. Objective. To evaluate the influence of degenerative lumbar scoliosis (DLS) with
different Cobb angles and degenerative discs on the range of motion (ROM) of the lumbar endplates during functional weight-
bearing activities in vivo. Summary of Background. DLS data might influence spinal stability and range of motion of the spine.
Altered lumbar segment motion is thought to be related to disc degeneration. However, to date, no data have been reported on
the motion patterns of the lumbar endplates in patients with DLS in vivo. Methods. We recorded 42 DLS patients with the
apical disc at L2-L3 and L3-L4. Patients were divided into A group with a coronal Cobb angle >20° (number: 13; 62.00 + 8.57
years old) and group B with a coronal Cobb angle <20° (number: 28; 65.79 + 6.66 years old). Patients’ discs were divided into a
degenerated disc group (III-V) and a nondegenerated disc group (I-II) according to the Pfirrmann classification. Computed
tomography (CT) was performed on every subject to build 3-dimensional (3D) models of the lumbar vertebrae (L1-S1), and
then the vertebras were matched according to the dual fluoroscopic imaging system. The kinematics of the endplate was
compared between the different Cobb angle groups and the healthy group reported in a previous study and between the
degenerative disc group and nondegenerative disc group by multiway analysis of variance. Results. Coupled translation at L5-
S1 was higher than other levels during the three movements. During the flexion-extension of the trunk, around the
anteroposterior axis, rotation in group A was higher than that in the control group at L2-L3 and L3-L4 (6.62 + 3.61 mm vs
4.36 +2.55mm, 5.01 +3.19mm; P <0.05, P <0.05). During the left-right bending of the trunk, around the mediolateral axis,
rotations in groups A and B were higher than those in the control group at L5-S1 (17.52 +11.43°, 17.25 +9.22° vs 10.08 + 5.42
°; P <0.05, P <0.05). During the left-right torsion, around the anteroposterior axis, rotation in group A was higher than that in
group B and the control group at L2-3 (9.69 +5.94" vs 5.77 £4.02°, 4.47 £2.00%; P <0.05, P <0.05). In patients with Cobb
angle <20°, coupled translation was higher in the degenerated disc group than in the nondegenerated disc group, especially
along the anteroposterior axis. Conclusion. An increase in the coupled rotation of the endplate at the scoliotic apical level in
patients with DLS was related to a larger Cobb angle. Moreover, segments with degenerative discs had higher coupled
translations in the anteroposterior direction than segments with nondegenerative discs in DLS patients with Cobb angle <20".
These data might provide clues regarding the etiology of DLS and the basis for operative planning.

1. Introduction with no previous history and is mainly related to age
[1-3], with an incidence of up to 60% [4]. DLS can cause
Degenerative lumbar scoliosis (DLS) was defined as a coro-  severe symptoms, such as low back pain, radiculopathy,

nal Cobb angle greater than 10°. DLS is a de novo scoliosis ~ and neurogenic claudication. The pathogenesis of DLS is
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both complex and controversial. Intervertebral disc degener-
ation (DD) has also been implicated in the development of
DLS [5]. Aebi and Phillips et al. [1, 6] hypothesized that
asymmetric loading and degeneration of discs contribute to
the development of deformities. Kobayashi et al. [7] reported
that asymmetric disc degeneration could predict the inci-
dence of DLS. Murata et al. suggested that DLS could be
caused by disc degeneration at any level [8]. In a previous
study, asymmetry of the endplates in the midsagittal plane
was a risk factor for lumbar disc degeneration [9]. Therefore,
the kinematics of the lumbar endplate in DLS patients
in vivo should be helpful for the etiology of DLS.

To the best of our knowledge, data on the range of
motion (ROM) of the endplate in DLS patients in vivo was
scarce. Wang et al. [10] developed a finite element (FE)
model to simulate DLS scattering and showed asymmetric
loading in the increased asymmetry of the lumbar spine.
Zheng et al. [11] also developed an FE model of DLS based
on only one patient. There have also been some studies of
the human cadaveric spine indicating a relationship between
the degenerative disc and ROM of the spine [12-14]. How-
ever, they could not reflect the actual status of the lumbar
disc and ROM. This study explored the ROM of the lumbar
vertebral endplate in vivo to reflect disc deformation using a
dual fluoroscopic imaging system. It was reported that the
repeatability of the method in reproducing in vivo human
spine 6 degree of freedom (DOF) kinematics was <0.3 mm
in translation and <0.7° in orientation [15].

This study is aimed at exploring the motion of lumbar
endplates in DLS patients with different Cobb angles. Inter-
vertebral DD is believed to have a detrimental effect on the
ROM of the spinal segments in degenerative scoliosis [16].
Therefore, we also aimed to investigate the relationship
between DD and the ROM of the lumbar vertebral endplates
in patients with DLS. We hypothesized that the ROM of the
lumbar endplate would be different in DLS patients with dif-
ferent Cobb angles. DD can increase the ROM of the lumbar
vertebral endplate in patients with DLS.

2. Methods

2.1. Subjects and Grouping. In this study, we recruited 42
DLS patients with apical discs at L2-L3 and L3-L4 who were
undergoing lumbar surgery, with ages ranging from 41 to 77
years old. We divided the patients into A group with coronal
Cobb angle >20” (number:13; 62.00 + 8.57 years old) and B
group with coronal Cobb angle <20° (number:28; 65.79 +
6.66 years old). We also involved 12 healthy participants
reported in the previous study with 52.08 + 3.18 years old,
ranging from 40 to 56 years old, as the control group. L2-
L3 and L3-L4 were considered segments around the scoliotic
apex, whereas L1-L2, L4-L5, and L5-S1 were considered
adjacent apical segments. The institutional review board
(IRB) approved this study before initiation. Written consent
was obtained prior to any testing. The inclusion criteria were
as follows: (1) diagnosed with degenerative adult lumbar
scoliosis and the main curve located in the lumbar segments;
(2) coronal Cobb angle >10° and (3) age >40 years. The
exclusion criteria were as follows: (1) history of adolescent
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scoliosis, (2) history of major vertebral trauma, (3) severe
joint pain in the lower limbs, (4) leg length discrepancy,
(5) history of metabolic disorder, and (6) history of lumbar
surgery. In this study, every segment of the lumbar spine
(L1-L2, L2-L3, L3-14, L4-L5, and L5-S1) in all subjects was
studied. The magnitude of intervertebral disc degeneration
at each segment was determined based on the Pfirrmann
classification system [17] (Table 1). Five grades were col-
lected on sagittal T2-weighted images, representing progres-
sion from normal disc to severe disc degeneration, in which
Pfirrmann grades I and II represented the nondegenerated
disc group, whereas Pfirrmann grades III-V represented
the degenerated disc group [9]. Disc degeneration was
graded by two experienced spine surgeons with more than
5-year experience in degenerative spinal disease. The two
surgeons independently and blindly performed the measure-
ments. We selected the mean values of the two surgeons.

2.2.  Three-Dimensional Models Based on Computed
Tomography (CT). First, we obtained CT images of the lum-
bar spine of each participant using a CT scanner (Sensation;
Siemens, Erlangen, Germany). Images were obtained at a
thickness of 0.625 mm. The CT images of the L1-S1 spinal
segments were then imported into software (MIMICS 21.0;
Materialize, Leuven, Belgium) to build a model of the lum-
bar spine (Figures 1(a), 1(b), and 1(c)).

2.3. Dual Fluoroscopic Imaging System. The position of the
lumbar spine was imaged using a dual-fluoroscopic system.
Two fluoroscopes (BV Pulsera; Phillips, Bothell, WA, USA)
were placed perpendicular to each other. In this way, images
of the lumbar spine were simultaneously obtained from two
directions. The volunteers were asked to stand between the
two perpendicular image intensifiers and make movements,
including trunk flexion at 45°, maximal extension, maximal
left-right bending, and maximal left-right rotation (Figure 2).
A minimum stillness span of 2 s was required for each posture
while the two fluoroscopes captured the images. 3D CT-based
models of the vertebrae at various body postures were repro-
duced using the modeling software Rhinoceros (Robert McNeel
& Associates, Seattle, WA, USA). Thereafter, the vertebral
models were independently translational and rotational in
6DOF until their outlines matched the outlines on the two fluo-
roscopic images (Figure 2). Using this technique, vertebral end-
plate positions in vivo were reproduced in different postures.

2.4. Coordinate Systems of Vertebral Endplates. Right-hand
Cartesian coordinate systems were placed at the center of
each vertebral endplate (Figure 1(d)). The center was defined
as the volumetric center of the endplate. Based on the geom-
etry of the endplate, the x-axis was set parallel to the coronal
axis to represent the mediolateral direction and pointed to
the left direction. The y-axis was set in the horizontal plane
and pointed posteriorly to indicate the anteroposterior
direction. The z-axis was set perpendicular to the transverse
plane, representing the cephalad-caudad direction, and
pointed in the cranial direction. After moving the vertebrae
to different virtual positions, the motion of the inferior end-
plate of the cranial vertebra was determined relative to that
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TaBLE 1: Pfirrmann classification of disc degeneration in DLS Patients (Cobb > 20 and Cobb <20¢).
L1-L2 L2-L3 L3-14 L4-L5 L5-S1
A group 2.92+0.86 3.08 +0.64 3.38+0.96 3.69+0.63 3.69+0.95
Range of grade 1-5 2-4 2-5 3-5 2-5
B group 2.72 +0.96 2.79+0.68 3.31+0.81 3.66 +0.86 3.66 +0.94
Range of grade 2-4 2-4 2-5 3-5 2-5

The values were presented as mean + SD. DLS: degenerative lumbar scoliosis; A group: coronal Cobb > 20 ¢ ; B group: coronal Cobb <20 .

Fi1GuUrE I: (a) Digitized contours of lumbar vertebrae in coronal plane. (b, c) Three-dimensional anatomic vertebral model constructed from
the computed tomography. (d) Anatomic coordinate system to measure kinematics of the endplates.

of the superior endplate of the caudal vertebra. Flexion-
extension, left-right bending, and left-right torsion of the
trunk were compared to the natural upright posture.

2.5. Statistical Analysis. A two-way repeated measures
ANOVA was used to compare the ROM of the endplates
at the L1-L2, L2-L3, L3-L4, L4-L5, and L5-S1 levels. Kine-
matics was the dependent variable, and vertebral level and
activity were the independent variables. The level of statisti-
cal significance was set at P < 0.05. Another multiway analy-
sis of variance was used to compare the kinematics between
patients with different coronal Cobb angles. The participant
group was the categorical factor, and the levels and activities
were independent variables. When a statistically significant
difference was detected, a Newman-Keuls post hoc test was
performed, and the level of significance was again set at P
< 0.05. This was similar in the nondegenerated and degen-
erated disc groups. Statistical analysis was performed using

SPSS version 23 (IBM Corp.) and Prism 7 software (Version
5.01; GraphPad Software Inc., CA, USA).

3. Results

3.1. Primary Rotations and Translations of Endplates in DLS
Patients. During the flexion-extension of the trunk, the
mean flexion and extension ranges were 9.42 + 3.83°, 10.05
+5.37°, 11.78 £ 6.46°, 12.59 +8.00°, and 12.08 +6.73° for
the L1-L2, L2-L3, L3-L4, L4-L5, and L5-S1 levels, respec-
tively. During left-right bending of the trunk, the mean
left-right bending ranges were 9.44 +4.03°, 8.18 +4.19",
9.23+5.39°, 7.97 +5.33°, and 8.75+4.95° for the L1-L2,
L2-L3, L3-L4, L4-L5, and L5-S1 levels, respectively. During
left-right torsion of the trunk, the mean left-to-right twisting
ranges were 7.82+4.23°, 7.71 £4.73°, 8.86+3.82°, 891+
6.00°, and 7.92 +4.77° for the L1-L2, L2-L3, L3-1L4, L4-L5,
and L5-S1 levels, respectively. There was no significant
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FiGURrE 2: Each 3D vertebral model was separately translated and rotated until their contours matched the corresponding vertebral bony
outline captured on the 2 fluoroscopic images.

difference in the rotational ROM at different levels around
the primary axis during the three movements (Figure 3(a)).

3.2. Coupled Rotations and Translations of Endplates in DLS
Patients. During the flexion-extension of the trunk, along the z
-axis, translational ROM at L5-S1 was higher than that at L2-L3
and L3-14 (6.62+3.61mm vs 4.36+2.55mm, 5.01 +3.19
mm; P < 0.05, P < 0.05) (Figure 3(d)). Along the y-axis, trans-
lational ROM at L5-S1 was higher than that at L1-L2 and L2-L3
(8.53+4.76 mm vs 6.04 + 2.99 mm, 5.45 + 2.96 mm; P < 0.05,
P <0.05) (Figure 3(d)). During the left-right bending of the
trunk, around the x-axis, rotational ROM at L5-S1 was higher
than that at L1-1.2, 1.2-1L3, L3-14, and 14-15 (17.33 £ 9.82° vs
9.68 +6.12°,9.04 + 5.68", 8.82 £ 5.28°, 11.41 £ 6.79%; P < 0.05
, P<0.05, P<0.05, P<0.05) (Figure 3(b)). Along the y-axis,
translational ROM at L5-S1 was higher than that at L1-L2,
L2-13, and L3-14 (9.28 + 6.55mm vs 4.70 + 3.07 mm, 6.03 +
4.35mm, 5.88+4.31mm; P<0.05, P<0.05 P<0.05). In
addition, along the z-axis, translational ROM at L5-S1 was
higher than that at L3-L4 (6.65 + 3.51 mm vs 4.22 + 2.53 mmy;
P <0.05) (Figure 3(e)). During left-right torsion of the trunk,
around the x-axis rotation at L5-S1 was higher than that at
L1-L2 (9.12+£5.21° vs 7.44+4.26°, P <0.05). Along x-axis,
translational ROM at L5-S1 was higher than that at L1-L2
and L3-14 (8.73+4.88mm vs 5.73 +3.75mm, 5.93 +3.22
mm; P < 0.05, P<0.05). Along y-axis, translational ROM at
L5-S1 was higher than other levels (10.73 + 5.85mm vs 4.67
+2.58mm, 5.96+4.03mm, 5.69+3.94mm, 6.87+3.93
mm; P<0.05 P<0.05 P<0.05 P<0.05). Along z-axis,
translational ROM at L5-S1 was higher than that at L1-L2,
L2-13, and L3-14 (6.60+3.98mm vs 4.06 +2.42 mm, 4.59 +

3.17mm, 4.27+2.58 mm;
(Figure 3(f)).

P<0.05, P<0.05 P<0.05)

3.3. Comparison of ROMs between Different Cobb Angles and
Healthy Subjects (Tables 2 and 3). During the flexion-
extension of the trunk around the y-axis, rotation in group
A (>20°) was higher than that in the control group at L2-
L3 and L3-L4 (10.73+£5.11° vs 4.54 £ 2.97°, 8.68 £ 5.21° vs
3.91+2.39% P <0.05, P <0.05). During the left-right bend-
ing of the trunk around the x-axis, rotations in groups A
and B were higher than those in the control group at L5-
S1 (17.52+11.43° 17.25+9.22° vs 10.08 + 5.42° P < 0.05,
P <0.05). During the left-right torsion of the trunk around
the z-axis, rotation in the control group was higher than that
in groups A and B at L1-L2 (16.48 £ 6.37° vs 8.69 + 5.56,
7.43 +£3.54% P<0.05 P<0.05) and L5-S1 (17.050¢ +6.68"
vs. 7.690+5.31°, 8.030+4.59% P<0.05, P<0.05). Around
the y-axis, rotation in group A was higher than that in group
B and the control group at L2-L3 (9.69 + 5.94° vs 5.77 + 4.02
°,4.47 £2.00% P <0.05, P <0.05).

3.4. The Effect of Lumbar Disc Degeneration on ROM of
Endplate (Table 4). During the flexion-extension of the
trunk, along the y-axis, translation was higher in the degen-
erated disc group than that in the nondegenerated disc
group (6.94+4.09mm vs 5.37+3.20mm, P<0.05). In
patients with Cobb <20°, it was significantly different
between the degenerated disc group and the nondegenerated
disc group along y-axis (7.08 + 4.26 mm vs 5.21 +2.91 mm,
P <0.05). During left-right bending of the trunk around
the x-axis, rotation was higher in the degenerated disc group
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TaBLE 4: Comparison of translation ranges between normal participants and DLS patients (Cobb > 20 and Cobb <200 ).
A group B group
Number Nondegenerative disc ~ Degenerative disc P value Nondegenerative disc ~ Degenerative disc P value
10 55 32 113
Rotations (°)
10.93 £4.68 11.37 £6.61 0.840 9.60 + 4.88 11.56 £6.61 0.121
Flexion-extension 8.24 +4.67 8.95 +5.02 0.676 6.82+3.94 7.05+5.24 0.813
z 4.48 £3.17 4.08 +4.09 0.737 3.16 £3.77 3.31+2.94 0.831
X 9.31+5.21 12.68 £8.47 0.192 8.66 +5.31 11.47 £7.67 0.063
Left-right bending y 9.25+5.10 8.45+4.75 0.629 7.69 +3.69 9.08 £5.07 0.149
z 6.39 £4.02 5.25+4.92 0.421 4.48 +£3.97 4.13 £3.80 0.672
x 8.15+3.17 9.23£5.88 0.602 8.70 £5.55 9.32+6.38 0.608
Left-right torsion ~ y 10.03 £ 8.05 7.78 £4.64 0.168 6.64 +3.67 7.10 £4.68 0.625
z 8.90 +5.34 9.72+6.16 0.610 7.17 £3.02 7.77 +4.17 0.528
Translations (mm)
x 5.85+£3.95 6.04 +£3.20 0.893 5.56 £ 4.66 6.01 £4.21 0.579
Flexion-extension ¥ 5.89+4.15 6.66 +3.74 0.569 521+291 7.08 +4.26 0.019*
z 4.88 +3.02 5.67 £3.06 0.476 5.17+£3.56 5.00+3.20 0.797
X 4.16 £4.90 6.53+3.71 0.061 4.80+2.88 5.50+3.70 0.338
Left-right bending y 5.66+£4.12 7.25+5.20 0.327 4.68 £3.08 6.68 £4.88 0.035*
z 3.75+3.10 5.23+3.20 0.220 3.92+2.44 5.36 +£3.90 0.041*
x 5.30£2.52 7.27 £4.16 0.168 5.18+2.75 7.19 +4.56 0.016”
Left-right torsion  y 5.61+5.24 7.35+4.96 0.272 4.59+3.49 7.24 +4.60 0.004*
z 4.90+2.27 5.17+3.68 0.813 4.19+£2.51 4.99+£3.34 0.228

Mean values were presented as + standard deviation. Rotation around axis: x, y, and z.

*, P value < 0.05. DLS: degenerative lumbar scoliosis; x:

mediolateral.axis; y: anteroposterior axis; z: craniocaudal axis; A group: coronal Cobb > 20 ¢ ; B group: coronal Cobb <20 .

than in the nondegenerated disc group (11.87 +7.94° vs
8.82+5.23°, P<0.05). For the patients with Cobb <20,
along the y- and z-axis, translations were higher in the
degenerated disc group than those in the nondegenerated
disc group (6.68 +4.88 mm vs 4.68 + 3.08 mm, 5.36 +3.90
mm vs 3.92+2.44mm; P<0.05, P<0.05). During the
left-right torsion of the trunk, along the x- and y-axis, trans-
lations were higher in the degenerated disc group than those
in the nondegenerated disc group (x: 7.22+4.23mm vs
5.20+2.67mm, y: 7.28 £4.71mm vs 4.83 £3.93mm; P <
0.05, P<0.05). In patients with Cobb < 20°, it is similar
along the x- and y-axis (x: 7.19 +4.56mm vs 5.18 £2.75
mm, y: 7.24 + 4.60mm vs 4.59 + 3.49mm; P < 0.05, P < 0.05
). However, in patients with Cobb angle >20°, there was no sig-
nificant difference between the degenerated and the nondegen-
erated disc groups in the three movements.

4. Discussion

The degeneration of the lumbar disc was closely correlated
with spinal flexibility in DLS [18]. In this study, we mea-
sured the ROM of the vertebral endplates in DLS patients
to reflect the biomechanics of the lumbar disc when per-
forming unrestricted weight-bearing activities. The ROM at
the lumbosacral junction had a larger ROM of the endplates
in coupled rotations and translations than other levels in

DLS patients during the three movements. Patients with a
Cobb angle >20° had higher coupled rotations at scoliotic
apical levels than patients with a Cobb angle <20° and
healthy subjects. In DLS patients with Cobb angle <20°, the
degenerated disc group had higher coupled translation and
rotation than those in the nondegenerated disc group.

In the literature, kinematic measurements of vertebrates
in healthy subjects have been investigated in vivo. Shin et al.
[19] found that dynamic lumbar axial rotation coupled with
lateral binding was segment-dependent. Wu et al. [20] dem-
onstrated that L4-5 and L5-S1 showed larger anteroposter-
ior and proximal-distal translations in healthy participants,
respectively. Li et al. [21] found that each vertebral level
responded differently to flexion-extension and left-right
bending but similarly to left-right twisting in healthy sub-
jects. Some in vivo studies have reported the kinematics of
the lumbar spine in patients with low back pain [22], degen-
erative disc disease [23], and degenerative spondylolisthesis
[24]. There have also been some studies of the human cadav-
eric spine indicating a relationship between the degenerative
disc and ROM of the spine [12-14]. Fujiwara et al. [13]
noted that segmental motion initially increases with degen-
eration, similar to our study. However, kinematics of the
lumbar spine in DLS patients has only been conducted using
the FE model. Wang et al. [10] built FE models with three
different Cobb angles modified from a normal lumbar spine
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and found that asymmetric loading on facet joint contact
forces accelerates asymmetry in the lumbar spine. However,
in vivo studies on DLS kinematics were scarce.

In our study, the difference in vertebral endplate ROM
between patients with DLS and healthy participants was
mainly in rotational ROM. In patients with DLS, the ROM
of the endplates around the apical disc was larger in coupled
motions. At the adjacent levels, particularly in the lumbosa-
cral joint, the ROMs of the coupled motion were high.
Moreover, patients with a larger coronal Cobb angle had
larger coupled motions at the scoliotic apical level, which
might induce more changes in adjacent biomechanics after
fusion to the scoliotic apical level. Rustenburg et al. [16] also
found a positive correlation between the Cobb angle and
coupled motions, suggesting that the magnitude of coupled
motions increased as the disease progressed in the cadaveric
spines. This implied that the coupled motions increased as
the asymmetry of the spine increased at all levels, which
might be due to less alignment in the local axes [25]. In addi-
tion, Rustenburg et al. [16] reported that spines with DLS
tend to be stiffer and less flexible. This might be related to
the larger coupled motion around the apical level. In Schlos-
ser et al.’s study [26], the degree of torsion also correlated
significantly with the Cobb angle, and they thought that
morphological modifications of vertebrates were rather a
consequence of the deformity. In addition, the anatomical
deformation trend of vertebral endplates in Schlgsser
et al’s article [26] might be caused by the increased coupled
motion of DLS. Generally, a greater increase in coupled
motion in patients was related to a larger Cobb angle. These
data may help explore the etiology of DLS.

Kobayashi et al. [7] found that asymmetric disc degener-
ation could be a predictive factor for the incidence of DLS
using logistic regression analysis in a community-based
cohort. Primary degeneration of the disc is considered an
initiating event of secondary deterioration of the facets and
ligaments [27]. In our study, degenerative discs had higher
coupled motions than nondegenerative discs in patients with
DLS, particularly in patients with a small Cobb angle. This
might be related to the degenerative disc located around
the coronal scoliotic apex. However, increased coupled
motion might also increase disc degeneration. Murata et al.
[8] studied human cadaveric spinal motion segments and
suggested that all lumbar interval spaces from L1-L2 to
L5-S1 could trigger degenerative lumbar scoliosis. In our
study, we found that the coupled motion of the degenerative
disc at any level was larger, which might be related to Mur-
ata et al’s results. Ellingson et al. [12] found positive corre-
lations between Pfirrmann grade and axial rotation ROM.
Schmidt et al. [14] reported increased ROM for axial rota-
tion, flexion-extension, and lateral bending with increased
disc degeneration. Fujiwara et al. [13] found that degenera-
tion increased the ROMs in all rotational modes in discs
with moderate degeneration, similar to our study. Murata
et al. [8] suggested that disc degeneration might cause wedg-
ing progression. When the angle of the consequential wedg-
ing, which was bent to the side opposite the initial wedging
to preserve balance, became larger than that of the initial
wedging, the lumbar spine might attempt to maintain bal-

ance by making the initial wedging progress [8]. The
increased coupled motion of the degenerative disc might
be associated with sequential wedging to maintain balance.
In Bao et al.’s study [28], the regional lumbar disc Pfirrmann
score was also strongly correlated with the Cobb angle on
the coronal plane. In our study, we found that degenerative
discs in DLS patients with a coronal Cobb angle of <20°
had larger coupled motions. A possible reason might be that
patients with mild DLS had a more flexible ability to com-
pensate for balance than patients with severe DLS, which
also contributed to the development of DLS. Therefore, it
should be considered cautiously about the fixed levels when
there is already severe disc degeneration at the adjacent seg-
ment, even in DLS patients with a small Cobb angle, to avoid
future failure at adjacent levels.

Our study had some limitations. First, the sample size of
the patients with severe DLS was relatively small. Further-
more, the patients involved in the study were specifically
selected with apical discs at the L2-L3 and L3-L4 levels,
which represented only a portion of all patients with DLS.
Finally, although we attempted to make the same move-
ments for everyone, DLS patients might move more or less
differently because of back pain.

5. Conclusions

In general, this study used an in vivo technique to quantify
the abnormal motion of the vertebral endplates in DLS
patients during various postures. An increase in the coupled
motion of the endplate in DLS patients at the scoliotic apical
level was related to a larger Cobb angle. Moreover, the seg-
ment with degenerative disc had higher coupled translations
in the anteroposterior direction than the nondegenerative
disc in DLS patients with Cobb angle <20°. These data might
provide clues regarding the etiology of DLS and the basis for
operative planning,
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Objective. To evaluate the incidence and safety of clinical complications associated with percutaneous endoscopic lumbar
discectomy (PELD) for the treatment of recurrent lumbar disc herniation (RLDH) by meta-analysis. Methods. PubMed,
Embase, The Cochrane Library, and Web of Science electronic databases were searched for clinical studies on complications
related to the treatment of RLDH with PELD. The search time extended from the databases’ inception until May 2021.
RevMan5.4 software was used for meta-analysis after two researchers independently scanned the literature, gathered data, and
assessed the bias risk of the included studies. Results. A total of 8 clinical studies, including 1 randomized controlled trial and 7
cohort studies including 906 individuals, were included. According to the results of the meta-analysis, the overall complications
(OR=0.18, 95% CI: 0.04-0.83, p = 0.03) and dural tear rates (OR =0.11, 95% CI: 0.01-0.92, p = 0.04) of PELD were lower than
those of traditional fenestration nucleus pulposus removal. Moreover, the PELD group had a greater recurrence rate compared
to the MIS-TLIF group (OR =19.71, 95% CI: 3.68-105.62, p = 0.0005), and the difference was statistically significant. However,
compared with MED and MIS-TLIF, there were no significant differences in the incidence of overall complications, dural tear,
nerve root injury, and incomplete nucleus pulposus removal (P > 0.05). Conclusion. PELD is an effective and safe method for
the treatment of recurrent lumbar disc herniation, with a lower incidence of complications and higher safety profile than

traditional fenestration nucleus pulposus removal.

1. Introduction

Recurrent lumbar disc herniation (RLDH) is a disorder in
which the nucleus pulposus of the lumbar disc herniates
ipsilateral or contralateral to the original segment after
previous surgical treatment for LDH, resulting in back
and leg pain [1, 2]. As the number of surgical interven-
tions increases, similarly, the incidence of postoperative
recurrence of LDH increases; the incidence of postopera-
tive recurrence varies, with an overall range of 3% to
18% [3]. RLDH is typically defined as a “painless period”
of more than 6 months following the first lumbar discect-
omy, during which the intervertebral disc tissue of the
original operative segment protrudes again on the opera-
tive side or contralateral side [4]. Surgical intervention is

indicated for patients with a definite diagnosis of RLDH
if the pain is not relieved after a period of conservative
treatment. However, the scar tissue in the surgical area fol-
lowing the first operation increases the difficulty of
repeated discectomy and increases the risk of permanent
nerve root injury, dural tear with cerebrospinal fluid leak-
age, and sunburn complications [5]. Meanwhile, further
resection of the posterior structure may increase the likeli-
hood of lumbar segmental instability [6]. The ongoing
advancements and maturation in percutaneous endoscopic
lumbar discectomy (PELD) offer a novel approach for the
therapy of RLDH. Compared with other operations, its
advantages such as less trauma, faster recovery, less bleed-
ing, and favorable curative effect have been recognized by
spinal surgeons. However, some studies have recently
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reported the occurrence of clinical complications of PELD
for the treatment of RLDH; therefore, it is imperative to
conduct a thorough meta-analysis to assess the safety of
PELD in the treatment of RLDH, so as to further provide
an evidence-based foundation for clinical application.

2. Materials and Methods

2.1. Literature Search Strategy. The PubMed, Embase, The
Cochrane Library, and Web of Science databases were electron-
ically searched, and clinical studies related to the complications
of PELD for the therapy for RLDH were collected until May
2021. In addition, the references included in the research were
manually searched for supplementary and pertinent literature.
The keyword researched including “recurrent,” “intervertebral
disc displacement,” “disc herniation,” “microdiscectomy,”
“percutaneous lumbar discectomy,” “endoscopy discectomy,”
“transforaminal lumbar discectomy,” “endoscopic transforam-
inal diskectomy,” “endoscopic interlaminar discectomy,” and
“minimally invasive discectomy.”

2.2. Study Inclusion Criteria and Exclusion Criteria. The fol-
lowing are the inclusion criteria: (1) Study design includes ran-
domized controlled trials (RCT), nonrandomized controlled
trials, cohort studies, and case-control studies; (2) patients in
the study experienced recurrent symptoms more than 6
months following the first lumbar discectomy, with reoccur-
rence of low back pain with lower limb nerve root pain and
numbness. Moreover, lumbar intervertebral disc herniation of
the same segment was confirmed by imaging techniques. (3)
In the observation group, patients with RLDH were treated
with PELD. The surgical methods included percutaneous
endoscopic discectomy via the foraminal or interlaminar
approach. In the control group, patients received traditional
lamina fenestration discectomy, posterior lumbar interbody
fusion (PLIF), posterior transforaminal lumbar interbody
fusion (TLIF), MIS-TLIF, or posterior microendoscopic dis-
cectomy (MED). (4) The primary outcomes included the inci-
dence of total complications, dural tear, intervertebral space
infection, nerve root injury, recurrence, and incomplete
removal of nucleus pulposus. The following factors determined
exclusion: (1) the study included patients with spinal
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TaBLE 1: The basic characteristics of the included literature.

Author Operation type Sample size (male/female) Mean age (years) Follow-up (months)

’ Design Observe  Control Observe Control Observe Observe Control
year Control group

group group group group group group group
g(‘ﬁ‘;)[l] RCS PELD  NPLW 18 (12/6)  25(14/11) 57.40%12.40  54.90 + 16.60 NR NR
(Lzegog)[ ) RCS PELD  NPLW  25(16/9)  29(22/7) 420114 47.7 +12.2 34.0+44  343+46
(Lzeg18)[1z] RCS PELD  NPLW  35(25/10) 48 (30/18) 52.20£12.87 50.13+11.56 24.17+11.83 23.65+7.94
Liu
(2017)[13] RCS PELD MIS-TLIF 209 (110/99) 192 (92/100) 57.2 55.9 43.7 45.3
Ruetten
(2009)[9] RCT PELD MED 50 50 39 39 24 24
Wang RCS PELD MIS-TLIF 24 (14/10) 22 (14/8) 49.25+13.95  56.00+7.76 12 12
(2020)[16]
Yao MED/ 20 (11/9)/26 51.05 + 16.38
53.68+17.70

o17)a]  RES PELD e e 28 (810) g5 /51.62 +10.04 12 12
2{2%017)[1 g RCS PELD  MISTLIF 47 (7234%) 58 (7241%) 47.91%1477  4676+12.37 12 12

Note: RCT: randomized controlled trial; PCS: prospective cohort study; RCS: retrospective cohort study; PELD: Percutaneous endoscopic lumbar discectomy;
NPLW: nucleus pulpotomy by lamina window; MED: microendoscopic discectomy; MIS-TLIF: minimally invasive transforaminal lumbar interbody fusion;

NR: not reported.

deformity, apparent lumbar instability, lumbar spinal stenosis,
spinal infection, tumor or tuberculosis, blood coagulation dys-
function, severe cardiopulmonary dysfunction, and other dis-
eases; (2) non-English literature; (3) duplicated publications
from the same hospital or research center; (4) incomplete or
missing data, the author of the original study cannot be
contacted.

2.3. Data Extraction. Two authors extracted pertinent data
separately from eligible studies and cross-checked them. In
the event of disagreements, they were resolved through dia-
logue or collaboration with an outside party. The contents of
data extraction included (1) first author, publication time,
study design, baseline characteristics of subjects, type of
operation, and follow-up time. (2) Clinical outcome indices
included overall incidence of complications, including post-
operative sensory abnormality, dural tear rate, postoperative
infection, and so on.

2.4. Methodological Quality. The two authors analyzed the
risk of bias in the research independently and cross-checked
their findings. For case-control and cohort studies, the
Newcastle-Ottawa scale (NOS) [7] was used; for randomized
controlled trials, the Cochrane manual-recommended RCT
bias risk assessment tool [8] was used to evaluate the bias risk.

2.5. Statistical Analysis. The meta-analysis was performed
using the Review Manager (RevMan version 5.4) software.
The mean difference or standard deviation of the mean dif-
ference was used as the effect index for continuous variables,
while the odds ratio (OR) was utilized for dichotomous var-
iables. The estimated value and 95% CI of each effect quan-
tity were calculated. Chi-square was utilized to examine

TABLE 2: Results of risk assessment of bias in cohort studies.

Study Selection Comparability Outcome Total
Chen (2015)[10]  *dk%* * * 6
Lee (2009)[6] . *k KoKk 9
Lee (2018)[12] * ok ok ok *k * ok k 9
Liu (2017)[13] %k ok ok *k * ok k 9
Wang (2020)[16]  *dkk * Kk * %k k 9
Yao (2017)[14] %k ok k * * ok ok 8
Yao (2017)[14] ok kok * * kK 8

statistical heterogeneity among the research results and was
combined with the I test to quantitatively estimate the mag-
nitude of heterogeneity. If p>0.1 and I* < 50%, the fixed
effect model was used for the meta-analysis; if p < 0.1 or I*
>50%, the random effect model was used for meta-
analysis after excluding the studies with high heterogeneity.
a=0.05 was considered statistically significant.

3. Result

3.1. Identification of Eligible Studies. A total of 848 studies
were obtained through an electronic database search.
Figure 1 illustrates the literature screening procedure. After
preliminary examination, rescreening, and finally including
8 articles comprising 1 RCT study and 7 cohort studies
[9-16], there were a total of 906 participants in this study.

3.2. Characteristics of Included Studies. There was no statisti-
cally significant difference between gender, age, and other
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. .. . . . Other
Included Random Distribution Participant Blind method of Integrity of Publish research ¢
study method and hidden  blind method  outcome evaluation = outcome data  results selectively soul;c:: ©
Ruetten Random . . . . No lost of .
(2009)[9]  number table Dimness Single blind Dimness follow-up No Dimness
Experimental Control Odds ratio Odds ratio

Study or subgroup Events Total Events Total Weight M-H, random, 95% CI M-H, random, 95% CI

1.1.1 Open lumbar surgery

Chen 2015 0 18 3 25 26.4% 0.17 [0.01, 3.58] =

Lee 2009 1 25 3 29 44.5% 0.36 [0.04, 3.71] ——

Lee 2018 0 35 9 48 29.1% 0.06 [0.00, 1.04] e E—

Subtotal (95% CI) 78 102 100.0% 0.18 [0.04, 0.83] ——

Total events 1 15

Heterogeneity: 72 = 0.00; ¥ = 0.99, df = 2 (P = 0.61); I = 0%

Test for overall effect: Z = 2.20 (P = 0.03)

1.1.2 MED

Ruetten 2009 3 50 11 50 55.3% 0.23 [0.06, 0.87] —i—

Yao 2017 4 28 2 20 44.7% 1.50 [0.25, 9.11] —

Subtotal (95% CI) 78 70 100.0% 0.53 [0.08, 3.34] i

Total events 7 13

Heterogeneity: 72 = 1.13; y* = 2.72, df = 1 (P = 0.10); I* = 63%

Test for overall effect: Z = 0.68 (P = 0.50)

1.1.3 MIS-TLIF

Liu 2017 11 209 12 192 57.3% 0.83[0.36, 1.94] ——

‘Wang 2020 2 24 1 22 12.7% 1.91 [0.16, 22.66] B i E—

Yao 2017 4 28 1 26 14.8% 4.17 [0.43, 40.00] —_—

Yao 2017 4 47 1 58 15.2% 5.30 [0.57, 49.15] N B E—

Subtotal (95% CI) 308 298 100.0% 1.56 [0.61, 3.97] o

Total events 21 15

Heterogeneity: 2 = 0.21; y* = 3.75, df = 3 (P = 0.29); I* = 20%

Test for overall effect: Z = 0.92 (P = 0.36)

T T T 1
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FIGURE 2: Forest chart of the overall incidence of complications.

baseline characteristics of patients included in the literature
(Table 1).

3.3. Quality of Included Studies. For the 7 included cohort
studies, the NOS bias risk score was 6~9 (Table 2). For the
included RCT study, the bias risk was assessed according
to the Cochrane manual (Table 3).

3.4. Meta-analysis Outcomes

3.4.1. Overall Incidence of Complications. A total of 8 studies
reported complications. Of the 436 patients in the PELD
group, 25 had complications, representing an incidence of
5.73%. The outcomes of the random effect model meta-
analysis revealed that the overall incidence of complications
in the PELD group was significantly lower than that in the
open lumbar surgery group (OR =0.18, 95% CI: 0.04-0.83,
p=0.03). Compared with the MED and MIS-TLIF groups,
PELD group incidence was lower than MED group inci-
dence, However, the disparity was not statistically significant
(Figure 2).

3.4.2. Dural Tear. There were 6 studies that reported the
incidence of intraoperative dural tears. Among the 394
patients in the PELD group, 3 suffered from dural tears
(0.76%). The results of the meta-analysis of the fixed effect
model exposed that the incidence of dural tears in the PELD
group was lower than that in the open lumbar surgery group
(OR=0.11, 95% CI: 0.01-0.92, p=0.04). The incidence of
dural tear was quantitatively reduced in the PELD group
compared to the MIS-TLIF group, but the meta-analysis
revealed no significant difference between the two groups
(Figure 3).

3.4.3. Nerve Root Injury. Five studies reported the occurrence
of nerve root injury. Of the 362 patients who underwent
PELD, 7 experienced complications (1.93%). The meta-
analysis with a fixed effect model revealed that the incidence
of nerve root injury was lower in the PELD group than in
the MED group, but the difference was not statistically signif-
icant. Compared with the MIS-TLIF group, the incidence of
nerve root injury in the PELD group was higher, but the differ-
ence was not statistically significant (Figure 4).
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Study or subgroup Events Total Events Total Weight M-H, fixed, 95% CI M-H, fixed, 95% CI
1.2.1 Open lumbar surgery
Lee 2009 0 25 2 29  26.7% 0.22 [0.01, 4.71] =
Lee 2018 0 35 7 48 73.3% 0.08 [0.00, 1.41] ——
Subtotal (95% CI) 60 77 100.0%  0.11[0.01,0.92] i
Total events 0 9
Heterogeneity: y?=0.23;df = 1 (P = 0.63); > = 0%
Test for overall effect: Z = 2.04 (P = 0.04)
1.2.2 MED
Ruetten 2009 1 50 3 50 100.0%  0.32[0.03,3.18] i—
Subtotal (95% CI) 50 50 100.0% 0.32[0.03, 3.18]
Total events 1 3
Heterogeneity: Not applicable
Test for overall effect: Z = 0.97 (P = 0.33)
1.2.3 MIS-TLIF
Liu 2017 2 209 6 192 684%  0.30[0.06,1.50] —
Yao 2017 0 28 1 26 16.9% 0.30 [0.01, 7.65] o
Yao 2017 0 47 1 58 14.7% 0.40 [0.02, 10.14] -
Subtotal (95% CI) 284 276 100.0% 0.31 [0.08, 1.18] R
Total events 2 8
Heterogeneity: Xz =0.03,df =2 (P=0.99); I>= 0%
Test for overall effect: Z = 1.72 (P = 0.09)
I T T 1
0.001 0.1 1 10 1000
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FiGURE 3: Forest chart of the incidence of dural tears.
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FIGURE 4: Forest chart of the incidence of nerve root injury.

3.4.4. Recurrence Rate. A total of 6 studies investigated the
incidence of postoperative recurrence; of the 394 patients
who underwent PELD, 37 cases recurred, with an incidence
of 9.39%. The meta-analysis using a fixed effect model dem-
onstrated that the recurrence rate in the PELD group was

lower than that in the open lumbar surgery group, but the
difference was not statistically significant. Likewise, com-
pared with the MED group, the incidence of recurrence in
the PELD group was higher. However, no statistical differ-
ence existed between the two groups. More importantly,
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FIGURE 5: Forest chart of postoperative recurrence rate.
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FIGURE 6: Forest chart of the incidence of incomplete nucleus pulposus excision.

the results revealed that the PELD group had a greater recur-
rence rate than the MIS-TLIF group, and the difference was
statistically significant (OR =19.71, 95% CI: 3.68-105.62, p
=0.0005) (Figure 5).

3.4.5. Incomplete Nucleus Pulposus Extirpation. Only 2 arti-
cles reported the incidence of incomplete removal of nucleus
pulposus in the PELD and open lumbar surgery groups.
Complications occurred in 2 cases (1.9%) in the PELD group
and 4 cases (5.7%) in the open lumbar surgery group. The
fixed effect model meta-analysis revealed that the PELD
group had a lower rate of incomplete nucleus pulposus
removal than the open lumbar surgery group, but the differ-
ence was not statistically significant (OR=0.71, 95% CIL:
0.14-3.49, p = 0.67) (Figure 6).

3.4.6. Postoperative Infection. Two articles documented the
incidence of postoperative infection in the PELD and open

lumbar surgery groups. There were no cases of postoperative
infection in the PELD group. The results of the fixed effect
model meta-analysis revealed no statistically significant dif-
ference between the PELD and open lumbar surgery groups
(Figure 7).

3.5. Sensitivity Analysis. The sensitivity of the main index of
overall complications was analyzed by excluding individual
studies from the meta-analysis, and the results of the meta-
analysis were not significantly altered, suggesting a low het-
erogeneity in the meta-analysis.

3.6. Publication Bias. From the funnel chart employed to test
the publication bias in the outcome index of overall compli-
cations, it can be deduced that the distribution of each study
is symmetrical, demonstrating a low likelihood of publica-
tion bias (Figure 8).
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4. Discussion

Laminectomy was long regarded as the treatment of choice
for LDH, but several studies have reported that the recur-
rence rate following LDH ranged from 5% to 18% [17], while
the reoperation rate was 13.9% [18]. Repeated fenestration
of the nucleus pulposus is regarded as the therapy of choice
for recurrent lumbar disc herniation following the initial
surgical procedure [19, 20]. However, after RLDH revision
surgery, the incidence of complications including nerve root
injury, dural tear, and postoperative sensory abnormalities
increased, as well as the degeneration of spinal motor units
such as facet joints [21]. During the past decade, numerous
minimally invasive operations have been developed for the
treatment of RLDH, including microscopic disc removal,
discoscopic nucleus pulposus extraction (MED), collagenase
injection combined with targeted radiofrequency, minimally
invasive (Quadrant channel expansion system), and spinal
endoscopic techniques, and the clinical outcomes are com-
parable to that of traditional open surgery [10]. PELD is an

10 1000

the overall complication rate.

established minimally invasive surgical treatment. With
advancements in PELD for the treatment of LDH, more
and more spinal surgeons have recognized that complica-
tions related to scar tissue and posterior structure trauma
can be solved by PELD. Yeung and Tsou [22] introduced
PELD for the treatment of RLDH first time and accom-
plished satisfactory results with “intradiscal-extradiscal”
clearance of herniated nucleus pulposus tissues from the
intervertebral space under direct vision. Since then, increas-
ingly more studies have discovered that the application of
PELD for RLDH provides a minimally invasive and effective
treatment alternative for RLDH patients [23].

Earlier researches have validated that the clinical efficacy
of PELD for the treatment of RLDH is similar to that of
other revision surgeries, and some studies have described
that its clinical efficacy is actually superior to that of other
revision surgeries [24-26]. As per studies, epidural and peri-
neural scar tissue heightens the danger of nerve root injury
as well as intraoperative dural rupture [25]. According to
previous studies, the incidence of dural tear in lumbar



discectomy is 6.9%-20%, which has an adverse impact on the
clinical outcomes of the operation [27]. Herein, 11.69% of
patients undergoing conventional windowed nucleus pulpo-
sectomy suffered from dural tears, compared to no dural
tears in patients of the PELD group. In PELD surgery, scar
tissue can be selectively excised from nerve tissue under a
microscope, and residual scar tissue can be employed as a
protective layer of nerve tissue, which may be the reason
behind the low incidence of dural injury in patients under-
going PELD.

Reviewing the related literature [28] corroborated that
the incidence of nerve root adhesion following transforam-
inal PELD is low, and patients with uncalcified disc hernia-
tion, nonsevere neurological defect, confirmed diagnosis of
sciatica, and symptom duration less than 3 months after
recurrence should be prioritized. Nevertheless, the interlam-
inar approach remains the optimal treatment for patients
with large intraspinal prolapse, high prolapse, calcified disc
herniation, L5/S1 disc herniation with the high iliac spine,
and severe lumbar intervertebral foramen osseous stenosis.
The transforaminal approach or interlaminar approach for
PELD can effectively avoid scar tissue resulting from the first
posterior operation, thus limiting the degradation of the
spine’s posterior structure without compromising its stabil-
ity and minimizing the incidence of severe complications
such as nerve injury and dural tear caused by traditional
reoperation to separate the posterior scar tissue.

Prior studies have reported that the recurrence rate of
patients who had undergone MED, PELD, or open discect-
omy and required revision PELD surgery was
4.62%~7.69% [26]. In this study, the recurrence rate of
PELD for the treatment of RLDH was 8.37%. The results
demonstrated that MIS-TLIF had a much lower recurrence
rate than PELD, which is consistent with the findings of
prior research [24]. A few studies have also pointed out that
the effect of surgery after the recurrence of intervertebral
disc herniation relates to the type of the initial operation
[29]. Moreover, given the steep learning curve of PELD,
many surgeons lack the experience to estimate the number
of intervertebral disc materials to be removed during sur-
gery, leaving the possibility of residual nucleus pulposus.
However, this study found that the rate of residual nucleus
pulposus following PELD (3.33%) was lower than that of tra-
ditional windowing surgery (5.19%).

Eight studies were examined for this study, and the bias
risk assessment results of the various design types indicated
that the studies were of excellent quality. Sensitivity analysis
was utilized to exclude studies one by one from the meta-
analysis. Lastly, the funnel chart displayed that the possibil-
ity of publication bias was small, showing the reliability of
the results of this meta-analysis.

The following are the limitations of this meta-analysis:
(1) sample sizes in individual research were modest, which
impacted the extrapolation of the results; (2) only a single
randomized controlled trial was included in the analysis,
and the allocation of hidden and blind methods was not
mentioned; hence, the likelihood of implementation and
measurement bias is higher; (3) the duration of follow-up
considerably varied, and the number of cases developing
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postoperative complications in the PELD and MED groups
was relatively low. Therefore, the long-term complication
rate and recurrence rate of PELD for the treatment of RLDH
require additional study.

To sum up, compared with traditional lamina fenestra-
tion, PELD has a lower incidence of complications and a
higher safety profile for the treatment of RLDH. Neverthe-
less, PELD has a similar incidence of complications for the
treatment of RLDH compared to MED and MIS-TLIF.
Therefore, we postulate that PELD is an efficient and safe
surgical technique for treating individuals with RLDH with-
out imaging lumbar instability. As a result of the restricted
number of included studies, the aforementioned conclusions
require additional validation by high-quality, large sample
size studies.
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Study Design. Cadaveric biomechanical study. Objectives. To compare the biomechanical stability of two-level PLIF constructs
with unilateral and bilateral pedicle screw fixations. Methods. Six cadaveric lumbar segments were evaluated to assess
biomechanical stability in response to pure moment loads applied in flexion-extension (FE), lateral bending (LB), and axial
rotation (AR). Each specimen was tested in six sequential configurations: (1) intact baseline; (2) facetectomy; (3) unilateral
pedicle screws (UPS); (4) bilateral pedicle screws (BPS); (5) unilateral pedicle screws and cage (UPSC); and (6) bilateral pedicle
screws and cage (BPSC). Results. Significant reductions in motion were observed when comparing all instrumented conditions
to the intact and facetectomy stages of testing. No significant differences in motion between UPS, BPS, UPSC, or BPSC were
observed in response to FE range of motion (ROM) or neutral zone (NZ). ROM was significantly higher in the UPS stage
compared to BPS in response to LB and AT loading. ROM was significantly higher in UPSC compared to BPSC in response to
LB loading only. Similarly, NZ was significantly higher in UPSC compared to BPSC in response to only LB loading. In
response to AT loading, ROM was significantly higher during UPS than BPS or BPSC; however, no significant differences were
noted between UPSC and BPSC with respect to AT ROM or NZ. Conclusion. BPS fixation is biomechanically superior to UPS
fixation in multilevel PLIF constructs. This was most pronounced during both LB loading. Interbody support did contribute
significantly to immediate stability.

1. Introduction

Thoroughly understanding the biomechanical characteris-
tics of the lumbar spine is critical to furthering the treatment
of spinal pathologies. One such treatment includes the use of
pedicle screws and rods for spinal stabilization. This
approach is widely popular for single and multilevel spinal
fusions for various lumbar disorders. Several posterior fixa-
tion techniques are currently available to promote spinal
fusion with bilateral fixation being considered the “gold
standard” [1]. This is a result of its ability to improve
arthrodesis rates, increase fusion, and prevent nonunion.
Posterior lumbar interbody fusion (PLIF) also has the ability
to decompress the dural sac and nerve roots while maintain-

ing disc height and increases the rate of recovery from spinal
fusion procedures [2].

While considered the gold standard in treatment, there
are some drawbacks associated with the use of rigid fixation
during spinal procedures. Lumbar spinal fusion has been
shown to increase the rate of degeneration of lumbar seg-
ments adjacent to the instrumentation and has the potential
for issues involving the device (i.e., subsidence and migra-
tion) and osteoporosis [3]. This may be due to changes in
the distribution of forces with the use of stiff bilateral con-
structs, which have the potential to offload the disc space
and thus reduce bony formation according to Wolf's Law.
Numerous techniques have been studied in order to combat
these deleterious effects. For example, minimally invasive
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FiGurek 1: Illustration of specimen preparation showing placement of mounting fixtures at L2 and S1 as well as rigid tracking bodies attached

to the anterior aspect of L3, L4, and L5.

approaches—such as the use of unilateral pedicle screw fixa-
tion—have the potential to increase graft loading while
decreasing operating time, intraoperative blood loss, recov-
ery time, and the risk of adjacent segment disease [4, 5].
One of the major advantages of unilateral fixation is the
decrease in patient morbidity. Due to less instrumentation,
there is a decrease in OR time, blood loss, and hospital stay
associated with unilateral constructs [6]. The two major dif-
ferences between the surgical approaches for unilateral and
bilateral pedicle screws are in the amount of instrumentation
used and the size of the operative field. Bilateral fixation
requires dissection of both paravertebral muscles and inser-
tion points. This is opposed to the single dissection required
for unilateral fixation which allows for less tissue damage
and potentially earlier functional recovery [7]. However,
there is limited data comparing UPS to standard of care pro-
cedures. In addition, the data available is contradictory inso-
far that some studies state that unilateral fixation is as
effective as bilateral fixation when used with interbody
devices, while other studies have demonstrated better fixa-
tion results associated with bilateral fixation [8-11]. While
it is unclear whether unilateral and bilateral fixations with
interbody fusion are equitable and both sufficient for spinal
fusion, limited studies have been able to accurately compare
the procedures using pure moments.

Our objective was to determine if unilateral pedicle
screw fixation can provide stability comparable to that of
bilateral pedicle screw fixation. More specifically, the goal
of this study was to investigate the stability of multilevel
PLIF constructs with both UPS and BPS in response to pure
moment loading.

2. Methods

Six cadaveric lumbar segments were obtained. Specimens
were then cleaned and dissected down to osteoligamentous
structures and disarticulated at the L1-L2 index level to pro-
duce L2-S1 vertebral segments for testing. Once thoroughly
cleaned, an intact vertebral column was potted into custom
aluminum potting rings using a thermosetting polymer,
polyester resin, and hardener (Bondo, 3M, Atlanta, GA) as
seen in Figure 1. After the polymer was allowed to cure, each
segment was loaded into a Bose six-degrees-of-freedom

spine testing apparatus and subjected to a series of pure
moment flexibility tests in flexion-extension (FE), lateral
bending (LB), and axial torsion (AT) modes of loadings as
described by Cook et al. [12]. Figure 2 shows how this works.

The initial testing condition is referred to as Intact and is
used to characterize the functional spinal unit’s (FSU) base-
line biomechanical characteristics before surgical interven-
tion and instrumentation. Treatments were randomized to
either the left or the right side of the segment according to
Table 1. The second stage of testing, hereby referred to as
Facetectomy for the remainder of this paper, involved a uni-
lateral facetectomy followed by flexibility testing and was
intended to represent the destabilized condition. The L3-L5
index levels were then instrumented in a series of procedures
in both the unilateral and bilateral states. Flexibility tests
were performed for each level in order to determine the effi-
cacy of the pedicle screw constructs with and without inter-
vertebral cages. The constructs were then tested in order
from least destructive to most destructive states. Unilateral
pedicle screw instrumentation (UPS) was completed imme-
diately following the completion of unilateral Facetectomy
testing, followed by bilateral pedicle screws (BPS), unilateral
pedicle screws with a PLIF cage (UPSC), and finally bilateral
pedicles screws with a cage (BPSC). The 6 specimens were
sequentially measured on intact, unilateral facetectomy, UPS,
BPS, UPSC, and BPSC. The sets of data of flexion-extension,
lateral bending, and axial rotation were measured at each
stage. All tested constructs were imaged via an O-arm (Med-
tronic) to confirm pedicle screw and cage placement.

The posterior vertebral fixation construct utilized over the
course of this study was the CD Horizon Legacy Spinal System
(Medtronic, Minneapolis, MN). Each construct was composed
of six pedicle screws, ranging from size 5.5 x 40 mm to 6.5 x
50 mm as designated in Table 1. 5.5x 70 mm CD Horizon
Legacy titanium rods were implemented into each construct
with the exception of one larger specimen, for which a 55 x
100 mm Zodiac titanium rod (Alphatec, Carlsbad, Ca) was
used. All of the interbody devices used came from the Cap-
stone Spinal System (Medtronic, Minneapolis, MN). The
intervertebral cage size information for each specimen can also
be found in Table 1. All screws, rods, and interbody devices
were placed by a trained spinal surgeon according to the man-
ufacturer’s protocol recommendations.
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F1GURE 2: Illustration of specimen with L3-L5 unilateral pedicle screw fixation which was tested in Bose six-degrees-of-freedom spine testing

apparatus.

TaBLE 1: Specimen and device information.

Specimen Facetectomy Level Cage

L3/L4 12 x 26 mm
1 Left

L4/L5 10 x 22 mm

L3/14 10 x 22 mm
2 Right

L4/L5 12 X 26 mm

L3/14 12 x 22 mm
3 Left

L4/L5 10 x 22 mm

L3/L4 10 x 22 mm
4 Right

L4/L5 8 x 26 mm

L3/L4 8 x 26 mm
5 Left

L4/L5 10 x 22 mm

L3/L4 12 x 22 mm
6 Right

L4/L5 12 x 26 mm

All biomechanical testing was conducted using a six-
degrees-of-freedom spine tester (Bose, Smart Test Series,
Eden Prairie, MN) under a standard flexibility protocol with
independent motors driven in load control. This character-
izes the FSU’s baseline flexibility and allows each specimen
to serve as its own control. The flexion-extension and lateral
bending protocols apply a uniform pure moment across the
specimen through counteracting superior and inferior
mounted stepper motors [13]. The magnitude for the pure
moment protocol has been referenced in numerous peer-
reviewed articles dealing with in vitro cadaveric studies
[13, 14] as well as finite element analysis [15]. Each speci-

men was subjected to 7.5Nm pure moment loads in flex-
ion-extension, lateral bending, and axial torsional with no
compressive preload. All samples were not damaged by the
pure moment load of 7.5Nm during the test.

During flexibility testing, the loads for FE, LB, and AT
were applied for three cycles with the last cycle being use
for data analysis. The range of motion (ROM) of each seg-
ment was measured using an optoelectric tracking system
(Opotrak Certues, Northern Digital, Waterloo, ON) with
rigid bodies fixed to the anterior aspect of the L3, L4, and
L5 vertebral bodies. The rigid component, known as a
Tracking Body, houses four light emitting diodes (LEDs)
and was attached to the anterior surface of each vertebral
body prior to each test. Four points defining the orientation
of the test apparatus motor axes were digitized relative to the
L3 and L5 Tracking Bodies to form an anatomically relevant
coordinate system. Positional data from each rigid body
were used to calculate the relative angular motion (ROM)
and neutral zones (NZ) between the L3-1L4 and L4-L5 disc
spaces.

For statistical analysis, the ROM and NZ for each level at
each stage were normalized to the intact condition. Changes
in ROM or NZ from stage to stage are therefore presented as
percent changes relative to the intact condition. A repeated
measure ANOVA with Bonferroni post hoc analysis was
performed to elucidate statistically significant differences
between cohorts.

3. Results

All present data can be seen in Figure 3. The data shows sig-
nificant reduction in motion for all instrumented cadaveric
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FIGURE 3: Results of flexibility testing normalized to the intact condition: (a) range of motion results for each stage of testing; (b) neutral
zone results for each stage of testing. *Denotes significant difference compared to BPS; *denotes significant difference compared to BPSC.

spines with respect to the intact and facetectomy stages of
testing, indicating solid fixation for all treatments. O-arm
images were reviewed for confirmation of proper pedicle
screw and cage placement. There were no signs of breach
in any of the instrumented spines.

Descriptive statistics for flexion-extension loading can be
seen in Table 2. Sphericity was violated, y*(14)=51.354,
and degrees of freedom were therefore corrected using the
Greenhouse-Giesser method (¢ = 0.314). This revealed a sig-
nificant difference between the cohorts with respect to nor-
malized FE ROM, F(1.57,17.29) =36.709, p =0.000. Post
hoc analysis showed significant decreases in motion from
the Facetectomy stage of testing to all instrumented condi-
tions; however, there were no significant differences in
motion between unilateral and bilateral constructs with or
without the implanted cage. Mauchly’s test of sphericity
indicated that sphericity was violated for the FE neutral zone
data as well as y* (14) = 53.03, and degrees of freedom were
corrected using the Greenhouse-Giesser method (e = 0.296).
The repeated measure ANOVA according to the
Greenhouse-Giesser correction showed no significant differ-

ence between the cohorts with respect to normalized FE NZ,
F(1.48,16.304) = 2.37, p = 0.135.

Descriptive statistics for lateral bending loading can be
seen in Table 3. Mauchly’s test of sphericity indicated that
sphericity was violated for both ROM and NZ, y*(14) =
47.1, p=0.000 (¢=0.45) and x> (14)=45.43, p=0.000
(¢=0.467), respectively. The repeated measure ANOVA
revealed a significant difference between the cohorts with
respect to normalized LB ROM, F(2.338,25.717) =17.41, p
=0.000. Angular motion during the UPS stage of testing
was significantly larger than during the bilateral stage of test-
ing, p = 0.000, or the BPSC stage, p = 0.000. Similarly, ROM
during the UPSC stage was significantly higher than the BPS,
p =0.000, or BPSC, p =0.000, stages of testing. The repeated
measure ANOVA revealed a significant difference between
the cohorts with respect to normalized LB NZ, F(1.761,
14.087) = 45.394, p=0.000. Review of post hoc analysis
showed a significantly higher NZ during the UPS stage com-
pared to the BPS stage (p=0.000) or BPSC (p=0.000).
UPSC also demonstrated significantly larger NZ than both
BPS (p = 0.0004) and BPSC (p = 0.0001).
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TaBLE 2: FE-loading descriptive statistics.

Stage Flexibility parameters Raw Normalized
8 yP Mean Std. deviation 95% LCL 95% UCL Mean Std. deviation 95% LCL 95% UCL
ROM 6.87 0.92 4.85 8.89 1.00 — — —
Intact
NZ 1.47 0.28 0.86 2.08 1.00 — — —
ROM 7.22 0.88 5.28 9.15 1.14 0.07 0.98 1.29
Facetectomy
Nz 1.41 0.26 0.84 1.99 0.91 0.10 0.68 1.13
. ROM 2.89 0.46 1.88 3.90 0.44 0.03 0.37 0.51
Unilateral
NZ 0.71 0.18 0.30 1.11 0.67 0.16 0.31 1.02
. ROM 1.22 0.16 0.87 1.57 0.32 0.12 0.04 0.59
Bilateral
Nz 0.27 0.07 0.11 0.43 0.52 0.33 -0.21 1.24
. ROM 2.51 0.44 1.54 3.48 0.42 0.06 0.28 0.56
Unilateral+cage
NZ 0.64 0.18 0.24 1.03 0.67 0.25 0.12 1.22
. ROM 1.20 0.14 0.89 1.52 0.34 0.13 0.05 0.63
Bilateral+cage
NZ 0.21 0.06 0.07 0.34 0.31 0.14 0.00 0.63

FE: results of flexion-extension testing. Raw values indicate motion measured in degrees while normalized values represent the amount of motion as a

percentage of intact values.

TasLE 3: LB-loading descriptive statistics.

Stage Flexibility parameters Raw Normalized
8 YP Mean Std. deviation 95% LCL 95% UCL Mean Std. deviation 95% LCL 95% UCL
ROM 8.13 0.68 6.64 9.63 1.00 — — —
Intact
NZ 1.35 0.18 0.96 1.75 1.00 — — —
ROM 8.55 0.71 7.00 10.10 1.05 0.02 1.00 1.11
Facetectomy
Nz 1.62 0.21 1.15 2.09 1.24 0.14 0.94 1.54
. ROM 5.23 0.48 4.17 6.28 0.65 0.05 0.54 0.77
Unilateral
NZ 1.42 0.18 1.03 1.81 1.12 0.15 0.79 1.45
. ROM 1.74 0.35 0.98 2.50 0.24 0.06 0.11 0.37
Bilateral
NZ 0.43 0.15 0.09 0.76 0.41 0.17 0.02 0.79
. ROM 4.83 0.56 3.59 6.07 0.59 0.05 0.48 0.70
Unilateral+cage
Nz 1.34 0.23 0.83 1.84 0.98 0.11 0.74 1.23
. ROM 1.78 0.38 0.94 2.62 0.24 0.06 0.1 0.38
Bilateral+cage
NZ 0.41 0.11 0.16 0.66 0.36 0.12 0.09 0.63

LB: results of lateral bending testing. Raw values indicate motion measured in degrees while normalized values represent the amount of motion as a percentage

of intact values.

Descriptive statistics for Axial Torsion loading can be
seen in Table 4. Using the Greenhouse-Gieser correction
due to violation of sphericity, the repeated measure ANOVA
revealed a significant difference between the cohorts with
respect to normalized AT ROM, F(1.843,20.283) =23.079,
p=0.000. Angular motion during the UPS stage of testing
was significantly larger than during the bilateral stage of test-
ing (p=0.000) or the BPSC stage (p=0.036). Similarly,
ROM during the UPSC stage was significantly higher than
the ROM measured during the BPS stage (p = 0.005); how-
ever there was no significant difference between the UPSC
and BPSC stages. The repeated measure ANOVA revealed
a significant difference between the cohorts with respect to
normalized AT NZ, F(1.638,18.02)=10.298, p=0.0017.
Nonetheless, these significant differences were between the
Facetectomy stage and all instrumented conditions, and
there were no significant differences between instrumented

cohorts. In addition, the BPS stage of testing showed signif-
icantly lower NZ than the intact condition. Figure 3 below
illustrates these results.

4. Discussion

Posterior fusion procedures of the lumbar spine attempt to
stabilize vertebral segments in order to create optimal condi-
tions for arthrodesis to occur. These procedures are often
performed with the utilization of rods and screws to immo-
bilize the intervertebral space and allow fusion. In some
instances, a surgeon may place an interbody cage within
the intervertebral disc space to further promote immobiliza-
tion of the spinal segment and encourage bone growth.
There are a wide variety of approaches that can be utilized
in order to place the interbody cage, and each has their
own set of advantages and disadvantages [16]. One of the
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TaBLE 4: AT-loading descriptive statistics.
Stage Flexibility parameters Raw Normalized
8 yP Mean Std. deviation 95% LCL 95% UCL Mean Std. deviation 95% LCL 95% UCL
ROM 3.63 0.42 2.70 4.55 1.00 — —
Intact
Nz 0.86 0.17 0.48 1.23 1.00
ROM 4.53 0.51 3.40 5.66 1.26 0.14 0.95 1.58
Facetectomy
Nz 1.05 0.20 0.61 1.49 1.49 0.28 0.86 2.11
. ROM 2.67 0.36 1.86 3.47 0.74 0.10 0.52 0.97
Unilateral
NZ 0.63 0.14 0.32 0.93 0.89 0.20 0.46 1.33
. ROM 1.48 0.16 1.12 1.83 0.41 0.04 0.31 0.51
Bilateral
Nz 0.26 0.05 0.15 0.36 0.36 0.07 0.21 0.52
. ROM 2.46 0.27 1.86 3.07 0.69 0.08 0.52 0.85
Unilateral+cage
Nz 0.66 0.09 0.45 0.86 0.69 0.08 0.52 0.85
. ROM 1.64 0.19 1.22 2.07 0.46 0.05 0.34 0.58
Bilateral+cage
NZ 0.38 0.06 0.25 0.51 0.55 0.08 0.36 0.73

AT: results of axial-torsion testing. Raw values indicate motion measured in degrees while normalized values represent the amount of motion as a percentage

of intact values.

most common procedures performed during spinal fusion
surgeries is the PLIF. During a PLIF, a surgeon must intro-
duce unilateral or bilateral facet injury in order to allow
the placement of the interbody device. Because of the
destructive nature of this procedure, it is generally recom-
mended that surgeons combine the use of a posterior inter-
body cage with pedicle screw fixation [17]. As this is the
case, we aimed to explore whether or not unilateral pedicle
screw fixation was equivalent to bilateral fixation when per-
forming multilevel posterior lumbar fusion procedures.

The results of this study showed variations in construct
stability based on the direction of applied load. The most
pronounced differences between the UPSC and BPSC
cohorts were observed during LB loading, with significantly
higher ROM (59% vs. 24% of intact) and NZ (98% vs. 36%
of intact) in the UPSC group compared to the BPSC cohort.
Unsurprisingly, ROM and NZ measured in response to lat-
eral bending loading were significantly higher when compar-
ing unilateral and bilateral pedicle screw fixations without
the inclusion of an interbody cage. Significant differences
were also observed in axial loading conditions, with signifi-
cantly higher angular motion measured during UPS testing
compared to BPS constructs; however, differences between
the UPSC and BPSC cohorts were insignificant. There were
no significant differences observed with respect to both
ROM and NZ measured during FE loading. Furthermore,
the addition of a unilateral standard PLIF cage did not have
a significant effect on stability in any of the tested conditions.

While in vitro cadaveric studies comparing the stability
of unilateral and bilateral PLIF constructs are limited, these
results correlate well with those reported in the literature.
A 2008 study conducted by Yucesoy et al. showed significant
reductions in the stability of two-level unilateral constructs
in comparison to bilateral constructs, with lateral bending
as the clear weakness of unilateral constructs [11]. Finite ele-
ment models aimed at comparing the stability of unilateral
and bilateral PLIF constructs have also yielded similar con-
clusions [6, 8]. Perhaps the most valid comparison to the

present work is the finite element model presented by Kim
et al. comparing the stability of unilateral and bilateral con-
structs with a hemilaminectomy. In this study, the authors
report the ranges of motion for unilateral constructs in
response to FE, LB, and AT loads of 32%, 31.7%, and
61.7% of the intact motion compared to reductions to 8%,
26.8%, and 50% of the intact motion for bilateral constructs.
Another finite element study conducted by Ambati et al.
produced similar results; showing reductions in angular
motion to 50% of intact left bending motion and 63% of
axial rotation for unilateral constructs compared to values
reported for bilateral constructs of 10% of intact motion
for left bending and 10% of motion for axial rotation. Fur-
thermore, Ambati et al. found that the shape and position
of the interbody device did not have a significant influence
on the reported ROM [8]. This is similar to our results,
which show that the addition of an interbody cage did not
significantly influence the ROM or NZ at the index level.
These results indicate that the stability of PLIF constructs
is primarily driven by posterior instrumentation. In contrast,
studies focused on comparing unilateral and bilateral fixa-
tion in conjunction with larger interbody devices such as lat-
eral cages have shown comparable stability regardless of
posterior fixation [10].

Numerous clinical studies have been published in the
last decade comparing the efficacy of unilateral and bilateral
PLIF and TLIF constructs, underscoring the importance of a
sound biomechanical understanding of each treatment
modality [5, 9, 18-21]. Results of these studies are not as
clear as those biomechanics studies previously discussed in
terms of establishing the superiority of unilateral or bilateral
pedicle screw fixation. Many studies report similar fusion
rates, complication rates, and patient reported outcomes
with improvements in perioperative measures such as blood
loss, OR time, and length of stay [18, 19, 21]. Those studies
which included cost analysis of the two fixation strategies
demonstrated significant reductions in medical expenses,
with an average expense of $3,500 USD for unilateral pedicle
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screw fixation compared to $4,800 for bilateral pedicle screw
fixation [21]. However, a 2012 study conducted by Duncan
et al. contradicts these results, concluding that unilateral
TLIF constructs have a higher propensity for cage migration
compared to bilateral constructs (23% vs. 11%, respectively)
[9]. Finally, a series of in vivo dynamic motion measure-
ments conducted on 13 patients with unilateral pedicle
screw fixation and 15 patients with bilateral pedicle screw
fixation conducted by Nie et al. provides a bridge between
clinical and biomechanics studies. This study showed that
the increase in axial rotation observed in biomechanics stud-
ies does translate to the clinical scenario, with an average
left-right twist ROM of 2.11+0.52 degrees for unilateral
constructs compared to 0.73 + 0.32 degrees for bilateral con-
structs. The authors also reported a reduced effect on adja-
cent segments with unilateral constructs, as indicated by a
reduction in adjacent segment motion [5]. Unfortunately,
no outcome data was included in this report making it diffi-
cult to determine the clinical implications of these differ-
ences in motion characteristics.

There are several limitations to this study. First is the fact
that only a single cage was used as opposed to a bilateral
intervertebral device, as the use of bilateral cages may have
changed the results and would require additional testing.
The second limitation of this study is in the implementation
of an in vitro cadaveric model. Cadaveric models only allow
us to assess immediate stability provided by a construct after
surgery but before arthrodesis has occurred. This model will
never allow us to directly compare the arthrodesis capability
between a unilateral and a bilateral spinal construct. For this
reason, it is difficult to extrapolate the results from biome-
chanical testing to direct clinical outcomes. Due to the inher-
ent condition of a cadaveric model, the lack of biologics can
also directly affect spinal fusion competence. Although the
sample size for this study is statistically in line with other
impactful studies, cadaveric variations may have played a
role in various motions seen during each testing stage and
thus affect the reproducibility of the study. Lastly, posterior
spinal instrumentation can have a major impact on observed
segment motion due to the size of screws, rod, and interbody
devices implanted during surgery. Variables among the
instrumentation could be one potential explanation for the
diversity of conclusions seen with regard to the comparison
of unilateral and bilateral constructs seen in the literature.
Additional biomechanical studies are needed to clarify our
understanding of this comparison. Extensive clinical
research is required before these biomechanical results can
be translated into clinical practice, but it is our hope that this
study will serve to demonstrate the idea that there are severe
biomechanical differences between unilateral and bilateral
PLIF constructs that should be considered when deciding
upon the appropriate treatment modality.

5. Conclusion

Surgeons must consider a multitude of factors when select-
ing the appropriate treatment strategy for each patient,
including biomechanical, perioperative, and postoperative
factors in order to reduce the physical and financial burdens

of spinal surgery. Unilateral pedicle screw fixation offers a
number of benefits with respect to reducing the morbidity
of spinal fusion procedures. However, from a biomechanical
perspective, PLIF constructs with bilateral pedicle screw fix-
ation provide superior stability compared to unilateral con-
structs. This trend was observed during both lateral
bending and axial torsion loading conditions. Unilateral spi-
nal fixation may be a viable option in some patients during
single-level fusion procedures, but caution should be taken
when applying the same doctrine to a multilevel scenario.
Further research is needed to garner substantiating conclu-
sions regarding the use of unilateral fixation during multi-
level spinal fusion procedures.
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Objectives. To investigate the risk factors of total blood loss (TBL) and hidden blood loss (HBL) in adolescent idiopathic scoliosis
(AIS) patients undergoing posterior orthopedic surgery. Methods. The AIS patients who visited department of spine surgery
between January 2015 and December 2020 were retrospectively reviewed. Those with a history of posterior orthopedic surgery
for AIS were identified, and their clinical data were collected. Gross formula was used to calculate the TBL and HBL. SPSS 20.0
was used for statistical analysis. The potential risk factors of TBL and HBL were assessed by independent ¢-test or univariate
analysis. The risk factors of TBL and HBL were determined by multiple linear regression. Results. A total of 114 patients were
included in this study. Operative time (P <0.001), postoperative platelets (PLT) (P =0.001), the number of surgical fixation
segments (P < 0.001), implanted screws (P < 0.001), hospital stay (P = 0.006), type of scoliosis (P < 0.001), and correction angle
of scoliosis (P =0.063) were the potential risk factors of TBL. Operative time (P < 0.000), postoperative PLT (P =0.095), the
number of surgical fixation segments (P < 0.001), implanted screws (P < 0.001), type of scoliosis (P < 0.001), correction angle
of scoliosis (P =0.073), and total blood volume (P =0.098) were the potential risk factors of HBL. Multiple linear regression
analysis showed that operative time (P =0.003) and the number of surgical fixation segments (P =0.014) were risk factors of
TBL, while the number of surgical fixation segments (P=0.004) was a risk factor of HBL. Conclusions. In AIS patients
undergoing posterior internal fixation surgery, the operative time and the number of surgical fixation segments are risk factors
of TBL, and the number of surgical fixation segments is a risk factor of HBL. Surgeons need to consider these factors when
making surgical strategies for AIS patients.

1. Introduction

Posterior pedicle screw internal fixation is the main surgical
technique for adolescent idiopathic scoliosis (AIS). This
surgical technique can greatly improve spine curvature and
clinical outcomes, but it usually requires a long surgical
incision and multilevel fixation and thus may result in a large
amount of blood loss [1, 2]. Massive blood loss may prolong
the period of incision healing and recovery, increase the risk
of infection, and even cause organ failure [3]. Although intra-
operative blood loss and postoperative drainage blood loss
can be directly estimated, blood can still be lost in invisible

ways, such as surgical interval and hemolysis. This part of
blood loss is called hidden blood loss (HBL) [4, 5]. However,
HBL is often overlooked by doctors in clinical scenarios. This
would result in delayed recovery, anemia, and other adverse
symptoms in patients. Therefore, assessment and accurate cal-
culation of blood loss are very important for guiding clinical
treatment.

Previous studies have shown that the HBL can account
for 26%-60% of the total blood loss (TBL) in various
orthopedic surgeries, and minimally invasive surgery can
significantly reduce HBL [6-8]. Other studies have found
that the average TBL of patients undergoing posterior spinal
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fusion surgery can reach 1450 mL, and HBL can also reach
600 mL, with HBL accounting for 42% of TBL [9, 10].
However, studies on HBL in AIS patients undergoing
surgical treatment are rare.

In this study, we retrospectively analyzed the clinical data
of patients with idiopathic scoliosis who received posterior
orthopedic fixation and calculated the TBL and HBL by the
formula of Nadler et al. and Gross [4, 5]. By evaluating risk
factors of TBL and HBL, this study could provide a theoretical
basis for reducing blood loss in AIS surgery.

2. Materials and Methods

2.1. Patients. The AIS patients who visited the department of
spine surgery of the Third Hospital of Hebei Medical
University between July 2015 and December 2020 were retro-
spectively reviewed. The study was approved by the Ethics
Committee of the Third Hospital of Hebei Medical University.
Informed consent was obtained from each patient or guardian
before the study, and all data remained anonymous.
Inclusion criteria:

(1) Adolescent patients (10-19 years old) with idiopathic
scoliosis were treated with simple posterior internal
fixation orthopedic surgery, with only varying
degrees of posterior column osteotomy and bone
grafting without interbody fusion

(2) The patient has complete clinical data

Exclusion criteria:

(1) The patients suffered from congenital scoliosis, and
the presence of spinal dysplasia such as failure of
segmentation, hemivertebra, blocked vertebra, and
fused vertebra can be observed by X-ray or CT [11]

(2) The patients suffered from scoliosis caused by
trauma, inflammation, infection, and tumor

(3) The patients underwent anterior and middle column
osteotomy and intervertebral fusion

(4) The patients had hematological diseases, including
congenital or acquired diseases such as hemophilia
and thrombocytopenic purpura. Coagulation
abnormalities due to other organ diseases, drugs, or
malnutrition were also excluded

(5) The patients had infection, massive bleeding, and
other complications during perioperative period

2.2. Surgical Procedure and Follow-Up Treatment. All
surgeries were performed by the same chief surgeon. During
a surgery, the patient was placed in prone position and
intubated under general anesthesia. After disinfection, the
skin, subcutaneous tissue, and fascia were cut successively to
expose the spinous process, lamina, and intervertebral space
of the corresponding segment, and pedicle screws were
implanted. Small bleeding spots were stopped by
electrocoagulation and suture ligation. Part of the posterior
column of the spine were removed, including the spinous
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process, lamina, and articular process. Then, the connecting
rods were installed and rotated to correct the scoliosis,
pressurize, or expand properly as required. Finally, the nuts
were tightened to fix the connecting rod. X-ray fluoroscopy
confirmed the correct position of pedicle screws and rods.
The drainage tube was placed, and each layer of tissue and skin
was sutured successively. The incision was covered with sterile
dressings. The anesthesiologists ensured the stability of the
patients’ respiratory and circulatory system during the
surgeries. In particular, we ensured that the patients’ blood
pressure was within a reasonable range, and there was no large
fluctuation. The appropriate use of muscle relaxants facilitated
the smooth progress of a surgery.

After surgery, patients were properly rehydrated to
maintain body fluid balance. All patients were treated with
heparin anticoagulation until discharge. The drainage tube
was removed 2-3 days after the operation according to the
drainage condition (drainage volume less than 50mL per
day) of the drainage tube.

2.3. Data Collection. Basic information (gender, age, weight,
height, hospital stay, operative time, intraoperative blood loss,
drainage volume, blood transfusion volume, the number of
surgical fixation segments and pedicle screws, correction angle
of scoliosis, type of scoliosis, and Risser sign) and laboratory
test results (hematocrit (HCT) and platelets (PLT) before
and after surgery) were collected. The hospital stay was from
the day of surgery to the day of discharge. Body mass index
(BMI) is calculated according to the World Health Organiza-
tion (WHO) standards. BMI = Weight (kg)/Height (m)*.
Drainage volume was the volume of the drainage tube three
days after surgery. The type of scoliosis (Lenke classification)
and Rissier sign were determined by X-ray and CT. The cor-
rection angle of scoliosis was the change of Cobb angle before
and after surgery. If double scoliosis or more existed, the
change of Cobb angle of maximum scoliosis was taken.

2.4. Calculation of TBL and HBL. Nadler formula was used to
calculate the total blood volume (TBV) of the patients, and
HCT was put into Gross formula to calculate the TBL and
HBL of the patients [4, 5].

TBV : K1 = height(m)3 + K2 * weight(kg)
+ K3(male : K1 =0.3669, K2 = 0.03219, K3
=0.6041 ; Female : K1 =0.3561, K2 = 0.03308, K3 = 0.1833).

(1)
TBL =TBV * (HCT,,, — HCT,,) is the
preoperative HCT, and HCT,, is the postoperative HCT.
The HCT,,, is the average of HCT,,,, and HCT ;.
Measurable blood loss (MBL) is the sum of intraopera-
tive blood loss (the volume of liquid in the suction bottles

volume of lavage fluid used) and drainage blood loss.

/HCT,,. .HCT,,

€

HBL : TBL + blood transfusion volume — MBL. ~ (2)

Since the patient had no significant perioperative
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bleeding or electrolyte disturbance, we assumed that the
TBV of the patient was constant throughout the hospital
stay to facilitate the calculation of blood loss.

If the patient is transfused with allogeneic blood, 1 U of
red blood cells equals 200mL of whole blood volume.
Drainage blood loss: 20% of the drainage fluid on the first
day, 15% of the drainage fluid on the second day, and 5%
of the drainage fluid on the third day were calculated as
the blood loss in the drainage fluid [10, 12].

2.5. Statistical Analysis. Statistical analysis was performed
using SPSS 20 (SPSS Inc., Chicago, IL, USA). The
measurement data were expressed as mean + SD. The poten-
tial risk factors were assessed by independent sample t-test
and univariate analysis, P <0.1 indicated potential risk
factors. Potential risk factors were included and used in
multiple linear regression analysis to investigate risk factors
of TBL and HBL; P<0.05 was considered statistically
significant.

3. Results

A total number of 114 patients with AIS who underwent
simple posterior internal fixation orthopedic surgery were
enrolled in this study. The clinical data was shown in
Table 1. Potential risk factors of TBL and HBL were assessed
by univariate analysis. The potential risk factors were
included and used in multiple linear regression analysis to
investigate the risk factors of TBL and HBL.

As displayed in Table 2, potential risk factors of TBL
included operative time (P <0.001), postoperative PLT
(P=0.001), the number of surgical fixation segments
(P <0.001), implanted screws (P <0.001), hospital stay
(P=0.006), type of scoliosis (P <0.001), and correction
angle of scoliosis (P =0.063). Potential risk factors of HBL
included operative time (P <0.001), postoperative PLT
(P=0.095), the number of surgical fixation segments
(P <0.001), implanted screws (P <0.001), type of scoliosis
(P <0.001), correction angle of scoliosis (P =0.073), and
TBV (P =0.098).

Multiple linear regression analysis showed that the
operative time (P=0.003) and the number of surgical
fixation segments (P =0.014) were risk factors of TBL, as
shown in Table 3. The number of surgical fixation segments
(P =0.004) was a risk factor of HBL, as shown in Table 4.

4. Discussion

Posterior spinal internal fixation is the most common surgical
procedure for adolescent idiopathic scoliosis, which can
improve the physiological curvature of the spine and relieve
pain, improve patients’ cardiopulmonary function, and cor-
rect patients’ attitude towards life [13]. However, multiseg-
ment spinal fixation surgery has put forward higher
requirements for surgeons, anesthesiologists, and patients’
body functions. Massive blood loss from surgery can not only
cause hypotension and hypoxia and even affect organ func-
tion. Meanwhile, blood transfusion can also increase the risk
of complications, such as the spread of infectious diseases

TaBLE 1: The clinical data of 114 patients who underwent posterior
orthopedic surgery for AIS.

Parameters Mean SD
Gender (male/female) 38/76

Age (year) 14.86 4.84
BMI (kg/m?) 18.73 3.45
The number of surgical fixation segments 9.62 2.56
The number of pedicle screws 17.14 4.39
Operative time (min) 311.23 117.63
PLT,,. (10°/L) 235.06 55.28
PLT, . (10°/L) 190.59 73.92
TBV (mL) 3429.19 720.19
Blood transfusion volume (mL) 822.46 523.59
TBL (mL) 165551  564.10
TBL (mL/level) 173.51 40.13
HBL (mL) 47509 19759
HBL (mL/level) 48.64 13.10
HBL/TBL 0.29 0.08
Hospital stay (day) 12.26 1.95
Type of scoliosis (1/5/others) 68/37/9
Risser sign 3.46 1.06
Correction angle (°) 29.39 12.84

AIS: adolescent idiopathic scoliosis; BMI: body mass index; TBL: total blood
loss; HBL: hidden blood loss; TBV: total blood volume; PLT,,: preoperative
platelets; PLT,,: postoperative platelets.

[14, 15]. How to reduce perioperative blood loss and promote
faster recovery of patients is a hot research topic in the field.
Although many reports have pointed out that the use of
procoagulant drugs (such as tranexamic acid) can effectively
reduce intraoperative blood loss [16]. However, there are few
reports on the risk of surgical blood loss and hidden blood loss
in adolescents with AIS [1], especially the HBL, which cannot
be measured directly with the naked eye. In this study, the
clinical data of 114 adolescent scoliosis patients were analyzed
to predict the risk factors of TBL and HBL, providing a
theoretical basis for guiding doctors to make blood transfusion
plans, reduce the risk of related complications, and shorten the
recovery period of patients.

In this study, we assessed patients’ TBL and HBL. At the
same time, TBL (173.51+40.13mL) and HBL
(48.64+13.10mL) were calculated for each fixation
segment, both lower than in previous studies of posterior spi-
nal fusion in adults [9, 17, 18]. This may be related to the
younger age and health status of AIS patients [9, 17, 18]. We
also calculated the ratio of HBL to TBL (0.29 + 0.08), which
is similar to previous studies, indicating that HBL is a nonne-
gligible part of TBL [9, 18].

Similar to previous studies, operative time is a risk factor of
blood loss [19]. Prolonged operative time leads to prolonged
exposure of muscle, bone, and other tissues and increased
blood loss during surgery [19]. However, operative time did
not significantly increase the patients’ HBL, which means the
HBL was not caused directly by surgical procedure. And other
studies have shown that more than 4 hours of surgery was
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TaBLE 2: The potential risk factors of TBL and HBL.
. MBL HBL
Parameters Patients Mean sD p Mean sD p
Gender
Male 38 1724.75 542.07 504.78 200.43
0.356 0.258
Female 76 1620.88 575.18 460.24 195.80
Age (year)
>14 62 1600.31 537.45 465.81 210.45
0.256 0.586
<14 52 1721.33 592.82 486.16 182.50
BMI (kg/m?)
>17.88 57 1733.87 628.72 478.37 194.67
0.139 0.860
<17.88 57 1577.15 484.06 471.80 202.15
Operative time (min)
>
>300 62 1939.87 549.54 <0.001* 586.50 182.39 <0.001*
<300 52 1316.46 358.23 342.26 116.78
The number of surgical fixation segments
> . . X .
>10 58 2007.51 517.46 <0.001* 614.93 162.55 <0.001*
<10 56 1290.93 332.09 330.24 104.14
The number of pedicle screws
>16. 1972.2 . . .
>16.5 57 972.28 539.72 <0.001* 603.93 176.08 <0.001*
<16.5 57 1338.73 382.78 346.25 118.27
9
PLT,,, (10°/L)
>234.65 57 1611.10 535.24 448.19 177.17
0.403 0.147
<234.65 57 1699.92 592.96 501.99 214.29
PLT, (10°/L)
>177.1 1482.81 486.91 444.1 181.11
>177.15 57 82.8 86.9 0.001" 5 8 0.095°
<177.15 57 1828.21 586.78 506.03 209.84
TBV (mL)
>3318 57 1568.05 544.20 459.99 210.36 .
0.417 0.098
<3318 57 1742.97 574.78 490.19 184.57
Hospital stay (day)
>12 77 1755.56 591.98 . 493.30 195.22
0.006 0.157
<12 37 1447.30 439.36 437.19 199.77
Risser sign
>4 69 1654.46 619.98 482.15 216.48
0.980 0.639
<4 45 1657.12 472423 464.26 166.26
Type of scoliosis
1 68 1669.90 566.87 469.08 183.24
5 37 1472.22 438.07 <0.001" 421.81 186.84 <0.001*
Others 9 2300.27 561.28 739.52 149.25
Correction angle ()
> . . .
>28 59 1750.31 555.71 0.063* 507.12 183.29 0.073*
<28 55 1553.80 560.21 440.73 208.07

* indicates a potential risk factor (P <0.1). BMI: body mass index; TBL: total blood loss; HBL: hidden blood loss; TBV: total blood volume; PLT,,.:

preoperative platelets; PLT . : postoperative platelets.

associated with an increased the risk of bleeding badly in AIS
surgery [1]. Therefore, reducing the operative time is an
important measure to reduce the amount of operative bleed-
ing on the premise of ensuring the surgical effect and safety.
The increase of fixed segments means longer surgical inci-
sion and more muscle dissection [20]. It has been reported

that the risk of massive blood loss increased 4.044 times when
the number of surgical fixation segments > 10 [21]. Chiu et al.
also pointed out that the speed of blood loss during screw
placement was the fastest in spinal orthopedic surgery [22].
Wen et al. proved that the number of fixed segments
significantly increased HBL in posterior spinal surgery, and
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TaBLE 3: Multiple linear regression analysis of risk factors of TBL.
Parameters U]? standardlg;d Standardized beta t P 95% CI
Operative time (min) 1.644 0.543 0.343 3.026 0.003* 0.567 2.721
PLTPOSt (10°/L) -0.363 0.493 -0.048 -0.736 0.463 -1.341 0.615
The number of surgical fixation segments 89.647 35.733 0.407 2.509 0.014* 18.802 160.491
The number of pedicle screws 6.437 18.661 0.050 0.345 0.731 -30.559 43.434
Hospital stay 8.231 18.543 0.028 0.444 0.658 -28.531 44.994
Type of scoliosis 17.76 19.889 0.059 0.893 0.374 -21.671 57.191
Correction angle (") 0.529 2977 0.012 0.178 0.859 -5.374 6.432
* indicates a risk factor of TBL (P < 0.05). PLT,,: postoperative platelets.

TaBLE 4: Multiple linear regression analysis of risk factors of HBL.
Parameters U; standardmseEd Standardized beta t P 95% CI
Operative time (min) 0.241 0.186 0.143 1.296 0.198 -0.128 0.609
PLTPOSt (109/L) 0.245 0.169 0.092 1.448 0.150 -0.090 0.581
The number of surgical fixation segments 36.577 12.246 0.474 2.987 0.004* 12.299 60.856
The number of pedicle screws 10.938 6.415 0.243 1.705 0.091 -1.780 23.655
Type of scoliosis 8.579 6.843 0.081 1.254 0.213 -4.989 22.147
Correction angle (°) -0.721 1.022 -0.047 -0.706 0.482 -2.747 1.304
TBV (mL) 0.018 0.017 0.067 1.061 0.291 -0.016 0.053

* indicates a risk factor of HBL (P < 0.05). PLT,: postoperative platelets.

significant HBL may be related to postoperative mortality
[19]. Our study was consistent with the results of previous
studies. Univariate analysis showed that the number of surgical
fixation segments and screw implants increased TBL and HBL.
However, multiple linear regression analysis showed that only
the number of surgical fixation segments was a risk factor of
TBL and HBL. Some studies have shown that there was no
significant difference in the orthopedic effect of unilateral,
bilateral, or bilateral cross screw placement in three dimensions
in the case of reducing the number of screws to ensure the
surgical effect [23]. Therefore, surgeons need to balance the
effect of surgery with the number of fixed segments and
reducing blood loss.

Yu et al. found that large preoperative Cobb angle was
related to massive intraoperative blood loss [24]. Large
preoperative Cobb angle and correction angle require differ-
ent degrees of orthopedic osteotomy and more internal fixa-
tion segments, correspondingly increasing the operative
difficulty and time [24]. In this study, although Cobb correc-
tion angle was a potential risk factor of TBL and HBL, mul-
tiple linear regression analysis showed that the correction
angle was not a risk factor. Feeley et al. found that the preop-
erative Cobb angle, operative time, and intraoperative blood
loss of patients with the scoliosis subtype Lenke A/B were
lower than those with the scoliosis subtype Lenke C [25].
We also introduced the scoliosis type of Lenke classification
into the study to explore the influence of scoliosis type on
TBL and HBL. Univariate analysis showed that TBL and

HBL of patients with scoliosis subtype 1 was higher than
those with scoliosis subtype 5, but scoliosis type was not a
risk factor in multivariate linear regression analysis.

This study has some limitations. First, this is a retrospec-
tive study, and the sample size is not large because the inci-
dence of AIS is much lower than the other spine diseases.
Moreover, some potential risk factors might have been lost
due to the limitation of data collection in a retrospective
study. Thus, a prospective study with a larger sample size
and more risk factors is warranted in the future. Second,
for the calculation of intraoperative blood loss, we only
included the volume of blood in the suction bottles. We
ignored the volume of blood lost through other ways, such
as the blood absorbed by gauze. This led to an underestima-
tion of intraoperative blood loss. Finally, blood loss could
persist for a long time, especially HBL [26]. In this study,
we only investigated blood loss 2-3 days after surgery and
did not follow up for a longer period. Therefore, longer
follow-up studies are needed to identify the risk factors of
blood loss in AIS patients.

5. Conclusions

In AIS patients undergoing posterior internal fixation sur-
gery, the operative time and the number of surgical fixation
segments are risk factors of TBL, and the number of surgical
fixation segments is a risk factor of HBL. Surgeons need to
consider decreasing the operative time and the number of



surgical fixation segments when making surgical strategies
for AIS patients.
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1. Introduction
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Aims. To compare the effectiveness of cervical epidural injections of local anesthetic with vs. without a steroid. Methods. Three
databases (PubMed, Embase, and Cochrane library) were used to search and assess all clinical randomized controlled trials
regarding the clinical efficacy of epidural injections from January 01, 2009, to October 31, 2020. Cochrane review criteria and
the Interventional Pain Management Techniques-Quality Appraisal of Reliability and Risk of Bias Assessment instrument were
used to evaluate the methodologic quality of the included studies. Qualitative and quantitative analyses were performed
according to best evidence synthesis principles and by single-arm meta-analysis, respectively. Results. Based on the search
criteria, 4 RCTs were qualitatively and quantitatively analyzed in the single-arm meta-analysis. Treatment with lidocaine alone
or with the steroid resulted in decreases of 4.46 and 4.29 points, respectively, in pain scores and of 15.8 and 14.46 points,
respectively, in functional scores at 6 months. Similar trends were observed at the 1-year follow-up: pain scores decreased by
4.27 and 4.14 points, while functional scores decreased by 15.94 and 14.44 points in patients with neck pain who received
lidocaine without or with the steroid, respectively. In the 3 studies that reported 2-year follow-up data, patients with neck pain
treated with lidocaine or lidocaine + steroid showed 4.2- and 4.14-point decreases, in pain score and 15.92- and 14.89-point
decreases, respectively, in functional scores. Conclusions. The studies showed level I (strong) evidence for short- and long-term
improvements in pain relief and functionality with cervical epidural injections of local anesthetic alone or with a steroid in the
management of neck pain.

contribute to disability [6]. Current clinical treatment
options for neck pain include conservative and surgical

Degenerative cervical spine lesions and cervical postopera-
tive syndrome are the leading causes of neck pain, including
cervical disc herniation and cervical stenosis, which bring
higher economic burdens and disability rates to society
[1-5]. Chronic cervical pain not only increases the burden
of life on patients but also increases the psychological bur-
den of patients and now ranks third among conditions that

treatment. Conservative treatment is mainly oral drugs and
physical therapy. However, conservative treatment is gener-
ally ineffective in the treatment of refractory neck pain, oral
medication will increase the burden on the gastrointestinal
tract, and adverse reactions such as gastric ulcers and bleed-
ing may occur. However, the rate of reoperation due to the
failure of surgical interventions is 32% [7-17]. Cervical
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epidural injections have been widely used to manage neck
pain [18], especially in patients who are poor candidates
for surgery [19, 20]. Although a number of randomized trials
have investigated the efficacy of cervical epidural injections
of local anesthetics alone or in conjunction with steroids,
the long-term effectiveness of these treatments in managing
chronic neck pain is controversial [8, 10, 12, 21-28].

Steroids are used in cervical epidural injections to
control inflammation and suppress edema of the nerve
root. In a preliminary report of a systematic review and
meta-analysis of the efficacy of fluoroscopically guided cer-
vical epidural steroid injection for the treatment of radicu-
lar pain, improvements in vital functions were reported in
58% of patients at 2 months [29]. The mechanisms of
action of steroids include suppression of ectopic discharges
from inflamed nerves as well as proinflammatory cyto-
kines, improvement of blood flow, and lysing of iatrogenic
and inflammatory adhesions [30]. Besides neck pain, ste-
roids are widely used to manage painful diseases including
osteoarthritis and gout and are typically combined with
local anesthetics to achieve greater efficacy. However, local
anesthetics alone can have a comparable effect in terms of
pain relief, and there is no evidence that this is enhanced
by the addition of steroids. Some studies have reported
similar degrees of pain relief and functional improvement
in patients with neck pain secondary to disc herniation
or postsurgery syndrome who were treated by cervical epi-
dural injections of local anesthetics without or with ste-
roids [31-35].

In order to address this controversy, we carried out a
systematic review and meta-analysis evaluating the long-
term efficacy of cervical epidural injections with a local
anesthetic alone or combined with a steroid in the man-
agement of neck pain.

2. Methods

2.1. Study Identification and Search Strategy. The PubMed
(http://www.ncbi.nlm, http://nih.gov/pubmed), Embase
(http://www.embase.com), and Cochrane library (http://
www.thecochranelibrary.com) databases were searched for
studies published between January 2009 to October 2020.
The following search terms were used: (((((“injections, epi-
dural” OR ((((((((((Extradural Injections OR Peridural
Injections OR AND Peridural OR ((“injections” OR “injec-
tions” OR “injection” [All Fields]) AND (“Neck Pain” OR
(CCcecccecceecceeceeeceeecececccccc(((Neck - Pains - OR - Pain,
Neck OR ((“pain” OR “pain” OR “pains”) AND Neck))
OR Neck Ache AND Cervical OR Posterior Cervical Pain
AND Anterior Cervical) OR Anterior Neck Pain OR (Ante-
rior [All Fields] AND Neck Pains)) OR ((“neck pain”
[MeSH Terms] OR (“neck” AND “pain”) OR “neck pain”)
AND Anterior) OR ((“neck pain” OR (“neck” [All Fields]
AND “pain”) OR “neck pain” OR (“neck” AND “pains”)
OR “neck pains”) AND (“2009/01/01” [PDAT]: “2020/10/
20” [PDAT])))) AND (((((randomized controlled trial
[Title/Abstract]) OR randomized [Title/Abstract]) OR pla-
cebo [Title/Abstract])) OR (((((((((Health Care Category
[Title/Abstract]) OR (Environment [Title/Abstract] AND
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Public Health [Title/Abstract])) OR Public Health [Title/
Abstract]) OR Epidemiologic Methods [Title/Abstract])
OR Epidemiologic Study Characteristics [Title/Abstract])
OR Epidemiologic Studies [Title/Abstract]) OR Case-
Control Studies [Title/Abstract])) OR “Retrospective
Studies”[MeSH])).

2.2. Study Selection. All studies that described the manage-
ment of chronic neck pain and included outcome evalua-
tions over a period of at least 6 months were reviewed. All
randomized trials in all languages with appropriate statistical
analyses were included. Study type: randomized controlled
trial (RCT). Patients: all patients with neck pain secondary
to cervical disc herniation, spondylosis, cervical, or postsur-
gery syndrome treated with cervical epidural injections of
local anesthetic alone or in conjunction with a steroid. Inter-
vention: cervical interlaminar injections of anesthetic (lido-
caine) and steroid (betamethasone). Outcome: for pain
relief, a 50% decrease from the baseline pain score or a
change of at least 3 points on an 11-point pain scale was
considered clinically significant. For functional status
improvement, a change of >30% in disability score or 50%
improvement from baseline was considered clinically signif-
icant. A study was judged to be positive if the effectiveness of
the therapy was demonstrated through comparison with a
control group or from baseline to follow-up. A negative
study was defined as one in which no difference was seen
as a result of the treatment or in which there was no measur-
able improvement from baseline. Reference point measure-
ments were at 6 months, 1 year, and 2 years. Book
chapters, case reports, and reports without a definitive diag-
nosis were excluded. Studies in which patients had acute
trauma, fractures, malignancies, and inflammatory diseases
were also excluded.

2.3. Data Collection. Two investigators independently per-
formed the initial search and completed study screening
and data extraction according to the selection criteria. Dis-
agreements were resolved through discussion between 2
investigators; a third investigator was consulted in cases
where a consensus could not be reached. Data synthesis
and analysis, including assessment of study quality, were
performed by the 2 investigators, with a third investigator
consulted as needed.

2.4. Methodological Quality of Studies. Cochrane review and
the Interventional Pain Management Techniques Quality
Appraisal of Reliability and Risk of Bias Assessment
(IPM-QRB) criteria were used to evaluate the quality of
each individual article for RCTs. Studies meeting at least
9 of the 13 Cochrane review inclusion criteria were con-
sidered to be of high quality; those meeting 5-8 criteria
were deemed to be of moderate quality; and those meeting
<5 criteria were low-quality studies that were excluded.
Studies meeting the IPM-QRB inclusion criteria with a
score of 32-48 were considered to be of high quality and
were included in the analysis; those with a score of 16-
31 were judged as being of moderate quality; and those


http://www.ncbi.nlm
http://nih.gov/pubmed
http://www.embase.com
http://www.thecochranelibrary.com
http://www.thecochranelibrary.com
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TaBLE 1: Qualitative modified approach to grading of evidence.

Level Strength of evidence

Description

Strong

Evidence obtained from multiple relevant
high-quality randomized controlled trials

I Moderate

Evidence obtained from at least one relevant
high-quality randomized controlled trial or multiple relevant
moderate- or low-quality randomized controlled trials

III Fair

Evidence obtained from at least one relevant
moderate- or low-quality randomized controlled trial with
multiple relevant observational studies
OR
Evidence obtained from at least one relevant
high-quality nonrandomized trial or observational study with
multiple moderate- or low-quality observational studies

v Limited

Evidence obtained from multiple
moderate- or low-quality relevant observational studies

Consensus-based

Opinion or consensus of a large group of
clinicians and/or scientists

= Records identified through database searching iiiiﬁg:;ltgf)ird}f
£ Medline (48), Embase (24), Cochrane (126) &
s Total (1 = 198) other sources
= B (n=1)
=
Q
=
A 4 N
Records after duplicates removed
(n=122)
o0
o=
=
o
3 v
w
Records screened Records excluded
(n=122) (n=112)
g v
;go Full-text articles assessed Full-text articles excluded
= for eligibility »> for irrelevancy
(n=10) (n=16)

N
o Studies included in
Q . . .
=t qualitative synthesis
S (n=4)

FiGURrk 1: Flow diagram illustrating published literature evaluating epidural injection in neck pain.

meeting the inclusion criteria but with a score < 16 were
low-quality studies that were excluded.

The methodologic quality and internal validity of each
publication, as well as the quality of evidence, were inde-
pendently assessed in an unblinded, standardized manner
by 2 investigators. In the case of any disagreements, a
third investigator performed the assessment and a consen-

sus was reached. Outstanding issues were resolved through
a discussion involving all investigators. The evidence was
analyzed based on best-evidence synthesis principles and
was modified and collated according to multiple criteria
including Cochrane review and United States Preventive
Services Task Force criteria (Table 1). The analysis was
conducted based on 5 levels of evidence ranging from
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TaBLE 2: Methodologic quality assessment according to Cochrane review criteria.

Manchikanti 2012 Manchikanti 2013 Manchikanti 2014 Manchikanti 2018

(36)

(37) (38) (39)

Adequate randomization

Concealed treatment allocation

Patient blinded

Care provider blinded

Outcome assessor blinded

Dropout rate described

All randomized participants analyzed in the group

Reports of the study free of suggestion of selective
outcome reporting

Groups similar at baseline with respect to most important
prognostic indicators

Cointerventions avoided or similar

Compliance acceptable in all group

Time of outcome assessment in all groups similar
Other sources of potential bias unlikely

Score

Y

< KK Z KK

< << Z

]

11/13

Y Y Y

<o <
Mo <
MR 7

Ko
<o <2
<o 2

]
]
o]

12/13 11/13 11/13

Y: yes; N: no; U: unclear.

strong to opinion- or consensus-based. The results of best
evidence as determined by the evidence level were used. If
there were any conflicts of interest (e.g., authorship), the
investigator in question was recused from the review of
evidence.

2.5. Statistical Analysis. The single-arm meta-analysis was
performed using Comprehensive Meta-analysis v3.0 (Bio-
stat, Englewood, NJ, USA). The I? statistic was used to assess
the heterogeneity of included studies. Data were displayed as
forest plots to evaluate treatment effects. Pain and functional
status improvement data from the included studies are
reported as standardized mean differences with 95% confi-
dence interval. All analyses were based on treatment modal-
ity and the injected solution. Short- and long-term
improvement was defined as any improvement at 6 months
and after 6 months, respectively.

3. Results

3.1. Study Selection. A flow diagram of the study selection
process according to PRISMA guidelines is shown in
Figure 1. Based on the search criteria, 10 publications were
considered for inclusion; 6 of these were excluded because
of duplicate publications or lack of data. Ultimately, 4 RCT's
[31, 32, 34, 36] were included in the present analysis.

3.2. Methodologic Quality and Risk of Bias Assessment. The
results of the methodologic quality and risk of bias assess-
ments for each of the included studies are shown in
Tables 2 and 3. According to Cochrane review and IPM-
QRSB criteria [37, 38], all of the RCTs were of high quality.

3.3. Study Characteristics. The characteristics and outcomes
of the included studies are shown in Table 4. The studies

were not heterogeneous. One RCT [36] followed up
patients treated with epidural injections of a steroid
(n=30) or without the steroid (n=30) for 1 year; 50%
pain relief associated with a 50% functional improvement
was considered significant. Work status was also an out-
come measure; at the 1l-year follow-up, the effectiveness
in terms of pain relief and functional improvement was
71.5%. The second RCT [32] included 120 patients, and
the interventions and outcome measures for each group
were similar to those in the first RCT. The rates of effec-
tiveness for pain relief and functional improvements were
72% and 68% in patients who received epidural injections
without and with the steroid, respectively. The third and
fourth RCTs had similar interventions and outcome mea-
sures as the first 2, but the follow-up time was 2 years.
One study [34] showed improvements in pain and func-
tion after an average of 6 treatment sessions over a period
of 2 years. In the other study [31], patients receiving epi-
dural injections without the steroid experienced 65.6 +
37.8 weeks of pain relief over a period of 2 years com-
pared to 59.4+34.2 weeks in those receiving injections
that included the steroid, with no significant difference
between groups.

3.4. Analysis of Study Quality. The quality of evidence of
the included studies was assessed using a modified version
of evidence grading [39] with high evidence (level I) from
multiple relevant high-quality RCTs. All studies reported
pain relief and functional improvement in patients who
received epidural injections with or without the steroid.
Conventional meta-analysis was not feasible because there
were no significant differences between patients receiving
epidural injections with lidocaine alone vs lidocaine +
steroid. To assess pain relief and functional improvement,
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TaBLE 3: Methodologic quality assessment using the Interventional Pain Management Techniques-Quality Appraisal of Reliability and Risk

of Bias Assessment instrument.

Manchikanti 2012

Manchikanti 2013

Manchikanti 2014 Manchikanti 2018

(36) (37) (38) (39)

L. Trial design and guidance reporting

1. Consort or spirit 3 3 3 3
II. Design factors

2. Type and design of trial 2 2 2 2

3. Setting/physician 2 2 2 2

4. Imaging 3 3 3 3

5. Sample size 2 3 3 2

6. Statistical methodology 1 1 1 1
III. Patient factors

7. Inclusiveness of population

8. Duration of pain

9. Previous treatments 2 2

10. D}lrati.on of fol}ow—up with ) 3 3 2
appropriate interventions
IV. Outcomes

11. Outcome assessment criteria
for significant improvement 4 4 4 4

12. Analysis of all randomized
participants in the groups 2 2 2 2

13. Description of dropout rate 2 2 2 2

14. Similarity of groups at baseline 1 0 1 1
for important prognostic indicators

15. Role of cointerventions 1 1 1 1
V. Randomization

16. Method of randomization 2 2 2 2
VI. Allocation concealment

17. Concealed treatment allocation 2 2 2 2
VII. Blinding

18. Patient blinding 1 1 1 1

19. Care provider blinding 1 1

20. Outcome assessor blinding 0 0 0 0
VIII. Conflicts of interest

21. Funding and sponsorship 2 2

22. Conflicts of interest 3 3
Score 42 43 44 42

we performed a single-arm meta-analysis of the data from
the 4 studies [31, 32, 34, 36].

3.5. Pain and Functionality at 6 Months, 1 Year, and 2 Years.
Four studies [31, 32, 34, 36] were included in this single-arm
meta-analysis of pain relief and functional improvement
(Figures 2(a) and 2(b)). Treatment with lidocaine alone or
with the steroid resulted in decreases of 4.46 and 4.29
points, respectively, in pain scores (Figures 3(a) and
3(b)) and of 15.8 and 14.46 points, respectively, in func-
tional scores (Figures 2(a) and 2(b)) at 6 months. Similar
trends were observed at the 1-year follow-up: pain scores
decreased by 4.27 and 4.14 points (Figures 4(a) and
4(b)), while functional scores decreased by 1594 and

14.44 points (Figures 5(a) and 5(b)) in patients with neck
pain who received lidocaine without or with the steroid,
respectively. In the 3 studies that reported 2-year follow-
up data [31, 32, 34], patients with neck pain treated with
lidocaine or lidocaine + steroid showed 4.2- and 4.14-point
decreases, in pain score (Figures 6(a) and 6(b)) and 15.92-
and 14.89-point decreases, respectively, in functional
scores (Figures 7(a) and 7(b)).

4. Discussion

This systematic review and single-arm meta-analysis of 4
RCTs provided evidence that cervical epidural injections
with lidocaine alone or in combination with the steroid
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Study name Statistics for each study Difference in means and 95% CI
Difference  Standard Lower Upper
in  Means error  Variance limit  limit Z-value p-value
Manchikanti 2012 -4.500 0.100 0.010 -4.696 -4.304 -45.000 0.001 m}

Manchikanti 2013 -4.400 0.400 0.160 -5.184 -3.616 -11.000  0.001
Manchikanti 2014 -4.300 0.500 0.250 -5.280 -3.320 -8.600  0.001
Manchikanti 2018 -4.200 0.310 0.096 -4.808 -3.592 -13.548  0.001

. -4.462 0.091 0.008 -4.641 -4.284 -49.016  0.001 .
Heterogeneity

Q-value df(Q) P-value I-squared Tausquared Tau -8.00 -4.00 0.00 400 8.00

0.988 3 0.804 0.000 0.000 0.000

(a) Change in functional level using Neck Disability Index (NDI) from baseline at 6 months in patients treated with lidocaine

Difference in means and 95% CI

Study name Statistics for each study
Difference  Standard Lower Upper
in  Means error  Variance limit  limit Z-value p-value

Manchikanti 2012 -4.300 0.100 0.010 -4.496 -4.104 -43.000  0.001
Manchikanti 2013 -4.000 0.600 0.360 -5.176 -2.824 -6.667 0.001
Manchikanti 2014 -4.100 0.500 0.250 -5.080 -3.120 -8.200 0.001
Manchikanti 2018 -4.300 0.540 0.292 -5.358 -3.242 -7.963 0.001
-4.285 0.095 0.009 -4.472 -4.098 -44.986  0.001 *
Heterogeneity -800  -4.00 0.00 4.00 8.00
Q-value df(Q) P-value I-squared Tausquared Tau

0.386 3 0.943 0.000 0.000 0.000

(b) Change in functional level using Neck Disability Index (NDI) from baseline at 6 months in patients treated with lidocaine + steroids

Ficure 2: Change in functional level using Neck Disability Index (NDI).

Study name Statistics for each study Difference in means and 95% CI
Difference  Standard Lower  Upper
in  Means error Variance  limit limit ~ Z-value p-value

Manchikanti 2012 -16.000  0.400 0.160 -16.784 -15.216 -40.000  0.001

Manchikanti 2013 -15.800  0.100 0.010 -15.996 -15.604 -158.000  0.001
Manchikanti 2014 -15.200  0.900 0.810 -16.964 -13.436 -16.889  0.001

Manchikanti 2018 -14.700  1.470 2.161 -17.581 -11.819 -10.000  0.001
-15.800  0.096 0.009 -15.989 -15.611 -164.158  0.001 '
Heterogeneity -30.00 -15.00 0.00 15.00 30.00

Q-value df(Q) P-value I-squared Tausquared Tau

1.254 3 0.740  0.000 0.000 0.000

(a) Change in pain score level using numeric rating scale (NRS) from baseline at 6 months in patients treated with lidocaine

Study name Statistics for each study Difference in means and 95% CI
Difference  Standard Lower  Upper
in  Means error  Variance limit limit ~ Z-value p-value

Manchikanti 2012 -15.700 1.200 1.440 -18.052 -13.348 -13.083  0.001

Manchikanti 2013 -13.900 0.800 0.640 -15.468 -12.332 -17.375  0.001
Manchikanti 2014 -14.400 1.100 1.210 -16.556 -12.244 -13.091  0.001

Manchikanti 2018 -14.600 1.480 2.190 -17.501 -11.699 -9.865 0.001
-14.460 0.531 0.282 -15.502 -13.418 -27.206  0.001
Heterogeneity -30.00  -15.00 0.00 15.00 30.00
Q-value df(Q) P-value I-squared Tausquared Tau

1.570 3 0.666 0.000 0.000 0.000

(b) Change in pain score level using numeric rating scale (NRS) from baseline at 6 months in patients treated with lidocaine + steroids

FiGure 3: Change in pain score level using numeric rating scale (NRS).
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Study name Statistics for each study Difference in means and 95% CI
Difference Standard Lower Upper
in Means error  Variance limit  limit Z-value p-value

Manchikanti 2012 -4.300 0300  0.090 -4.888 -3.712-14.333  0.001
Manchikanti 2013 -4.200 0500  0.250 -5.180 -3.220 -8.400  0.001
Manchikanti 2014 -4.200  0.400  0.160 -4.984 -3.416 -10.500  0.001
Manchikanti 2018 -4.300 0350  0.123 -4.986 -3.614 -12.286  0.001

-4.265 0.184  0.034 -4.626 -3.905 -23.176  0.001
Heterogeneity

-8.00 -4.00 0.00 4.00 8.00
Q-value df(Q) P-value I-squared Tausquared Tau

0.067 3 0.995  0.000 0.000 0.000

(a) Change in pain score level using numeric rating scale (NRS) from baseline at 12 months in patients treated with lidocaine

tudy name tatistics for each stu ifference in means an o
Study Statistics fc h study Diff i d 95% CIL
Difference  Standard Lower Upper
in  Means error  Variance limit  limit Z-value p-value

Manchikanti 2012 -4.200 0300  0.090 -4.788 -3.612 ~14.000 ~ 0.001
Manchikanti 2013 -4.000  0.600  0.360 -5.176 -2.824 -6.667  0.001
Manchikanti 2014 -4.000  0.600  0.360 -5.176 -2.824 -6.667  0.001
Manchikanti 2018 -4.200  0.630 0397 -5.435 -2.965 -6.667  0.001

—4142 0228  0.052 -4.590 -3.695 -18.143  0.001

Het it
eterogeneity 800  -4.00 0.00 4.00 8.00

Q-value df(Q) P-value I-squared Tausquared Tau

0.158 3 0.984 0.000 0.000 0.000

(b) Change in pain score level using numeric rating scale (NRS) from baseline at from baseline at 12 months in patients treated with lidocaine + steroids

FIGURE 4: Change in pain score level using numeric rating scale (NRS).

Study name Statistics for each study Difference in means and 95% CI
Difference  Standard Lower  Upper
in  Means error  Variance  limit limit ~ Z-value p-value

Manchikanti 2012 -16.000 0.200  0.040 -16.392 -15.608 —80.000  0.001
Manchikanti 2013 -15.800 0400  0.160 -16.854 ~15.016 -39.500  0.001
Manchikanti 2014 -15.600 1.100 1210 -17.756 -13.444 —14.182  0.001
Manchikanti 2018 -15.300 1550  2.403 -18.338 -12.262 -9.871  0.001
~15942  0.175  0.031 -16.286 -15.599 -90.875  0.001 '
Heterogeneity -3000  -15.00 0.00 15.00 30.00

Q-value df(Q) P-value I-squared Tausquared Tau

0.478 3 0.924  0.000 0.000  0.000

(a) Change in functional level using Neck Disability Index (NDI) from baseline at 12 months in patients treated with lidocaine

Study name Statistics for each study Difference in means and 95% CI
Difference  Standard Lower  Upper
in  Means error  Variance limit limit Z-value p-value

Manchikanti 2012 -15.300 1.300 1.690 -17.848 -12.752 -11.769 0.001
Manchikanti 2013 -14.100 0.900  0.810 -15.864 -12.336 -15.667 0.001
Manchikanti 2014 -14.200 0.700  0.490 -15.572 -12.828 -20.286 0.001
Manchikanti 2018 -15.000 1.170  1.369 -17.293 -12.707 -12.821 0.001

-14.442 0466 0.218 -15.356 -13.528 -30.966 0.001

Heterogeneity -3000 1500  0.00 1500 30.00
Q-value df(Q) P-value I-squared Tausquared Tau

0.927 3 0.819  0.000 0.000 0.000

(b) Change in functional level using Neck Disability Index (NDI) from baseline at 12 months in patients treated with lidocaine + steroids

FiGure 5: Change in functional level using Neck Disability Index (NDI).
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Study name Statistics for each study Difference in means and 95% CI
Difference Standard Lower Upper
in  Means error Variance  limit  limit ~Z-value p-value

Manchikanti 2013 -4.100 0.600 0.360 -5.276 -2.924 -6.833  0.001
Manchikanti 2014 -4.200 0.700 0.490 -5.572 -2.828 -6.000  0.001
Manchikanti 2018 -4.300 0.600 0.360 -5.476 -3.124 -7.167  0.001

-4.200 0.363 0.132 -4.911 -3.489 -11.576  0.001
Heterogeneity

-8.00 -4.00 0.00 4.00 8.00
Q-value df(Q) P-value I-squared Tausquared Tau

0.056 2 0.973 0.000 0.000 0.000

(a) Change in pain score level using numeric rating scale (NRS) from baseline at 24 months in patients treated with lidocaine

Study name Statistics for each study Difference in means and 95% CI
Difference  Standard Lower Upper
in  Means error  Variance limit  limit Z-value p-value

Manchikanti 2013 -4.100 0.800 0.640 -5.668 -2.532 -5.125 0.001
Manchikanti 2014 -4.100 0.600 0.360 -5.276 -2.924 -6.833  0.001
Manchikanti 2018 -4.200 0.640 0.410 -5.454 -2.946 -6.563  0.001

-4.136 0.384 0.147 -4.889 -3.383 -10.771  0.001

Heterogeneity -8.00  -4.00 0.00 4.00 8.00
Q-value df(Q) P-value I-squared Tausquared Tau

0.016 2 0.992 0.000 0.000 0.000

(b) Change in pain score level using numeric rating scale (NRS) from baseline at 24 months in patients treated with lidocaine + steroids

F1GURE 6: Change in pain score level using numeric rating scale (NRS).

Study name Statistics for each study Difference in means and 95% CI
Difference  Standard Lower  Upper
in  Means error  Variance  limit limit Z-value p-value

Manchikanti 2013 -15.900  0.400 0.160 -16.684 -15.116 -39.750  0.001
Manchikanti 2014 -16.100  1.000 1.000 -18.060 -14.140 -16.100 0.001
Manchikanti 2018 -15.700  1.890 3.572 -19.404 -11.996 -8.307 0.001
-15919 0.364  0.133 -16.633 -15.205 -43.683 0.001
Heterogeneity -30.00 -15.00 0.00 15.00 30.00
Q-value df(Q) P-value I-squared Tausquared Tau

0.048 2 0.976 0.000 0.000 0.000

(a) Change in functional level using Neck Disability Index (NDI) from baseline at 24 months in patients treated with lidocaine

Study name Statistics for each study Difference in means and 95% CI
Difference  Standard Lower  Upper
in Means  error Variance  limit limit Z-value p-value

Manchikanti 2013 -14.900  0.800  0.800 -16.468 -13.332 -18.625  0.001
Manchikanti 2014 -14.800  0.700  0.700 -16.172 -13.428 -21.143  0.001
Manchikanti 2018 -15.100 1.140  1.300 -17.334 -12.866 -13.246  0.001

-14.889 0478 0.229 -15.826 -13.951 -31.134  0.001

Heterogeneity -30.00  -15.00 0.00 15.00 30.00
Q-value df(Q) P-value I-squared Tausquared Tau

0.051 2 0.975 0.000 0.000 0.000

(b) Change in functional level using Neck Disability Index (NDI) from baseline at 24 months in patients treated with lidocaine + steroids

FiGure 7: Change in functional level using Neck Disability Index (NDI).
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betamethasone alleviated pain and improved functionality in
patients with neck pain. According to Cochrane review and
IPM-QRB criteria, all studies were of high quality. Further-
more, the studies included descriptions of sample size and
employed similar injection approaches and pharmacologic
agents, which increased the reliability and consistency,
respectively, of reported outcomes. All of the studies demon-
strated that both treatments were effective for the manage-
ment of neck pain secondary to cervical disc herniation,
spondylosis, or postsurgery syndrome. One of the studies
[36] included 1-year follow-up data and the other 3 [31,
32, 34] followed up patients for 2 years, which reduced the
bias in outcome reporting. Additionally, opioid intake by
the patients was significant decreased by the 2 two treat-
ments. However, there was no significant difference between
the 2 treatments in terms of efficacy in any of the RCTs.

The cervical spine has two natural spaces in structure,
namely, the cervical foramen and the cervical interverte-
bral space. Therefore, cervical injection treatment involves
an epidural injection through the cervical intervertebral
plate and an epidural injection through the cervical inter-
vertebral foramen. The former is commonly used to treat
central or paracentral or multisegment disc herniation,
while the latter is primarily used for single-segment disc
herniation [40-42]. Both have some complication rates,
and many studies comparing interlamellar and transfor-
aminal approaches to neck pain have shown a greater risk
of neurological complications [19, 43-47], including
infarction of the spinal cord, brainstem, brain, or cerebel-
lum [40]. Potential complications of the interlamina
approach include needle placement, infection, or the need
for additional medication [2].

The most common causes of neck pain are cervical inter-
vertebral herniation, spondylosis, or stenosis; facet joint, ver-
tebral body, meningeal, blood vessel, nerve sheath, or nerve
pathology; and postsurgery syndrome [32, 48-51]. Axial
neck pain is associated with disc herniation, facet joint
degeneration, cervical spondylosis, or ligamentous diseases.
Given the relationship between axial neck pain and disc her-
niation with radiculitis and spinal stenosis, cervical epidural
injections are used to manage axial neck pain [38]. Some
patients have a long history of neck pain, which is difficult
to manage from a clinical standpoint. Conservative treat-
ments for chronic neck pain include oral analgesics or
anti-inflammatory drugs or physical therapy, which can
eliminate pain symptoms in some patients by up to 80%
[9, 52-64]. Nevertheless, a subset of patients requires
decompression surgery although this is not always an option
because of the high cost and surgical contraindications.
Besides surgery, cervical epidural injections are a valid treat-
ment approach [10, 65, 66] that were shown to be effective in
many studies [12, 19, 41, 43, 47].

Dexamethasone is a nonparticulate steroid while triam-
cinolone and betamethasone are particulate steroids [67].
The use of steroids is linked to the risk of spinal cord injury
[67-70]. No significant differences in efficacy have been
reported between the 2 types of steroid for the treatment
of cervical radiculopathy [71]. Steroids can suppress ectopic
discharges from inflamed nerves, improve blood flow, and

BioMed Research International

induce the lysis of iatrogenic and inflammatory adhesions
and proinflammatory cytokines.

A washout function has also been ascribed to local anes-
thetics [40, 72]. Thus, it is possible that the reason there were
no differences observed between treatment with anesthetic
alone or in conjunction with a steroid in the 4 RCTs is that
both agents play the same roles in pain relief and functional
improvement. In the evaluation of epidural anesthesia plus
corticosteroids for the treatment of cervical arm radiculolar-
gia [73], continuous epidural control of chronic cervical-arm
pain was better compared with a single injection. Although
both injections use corticosteroids. Thus, local anesthetics
have an independent or additive effect.

5. Conclusions

This systematic review and single-arm meta-analysis of 4
RCTs showed strong (level I) evidence for the efficacy of
fluoroscopic cervical epidural injections of a local anesthetic
alone or combined with a steroid in the treatment of neck
pain secondary to cervical disc herniation, spondylosis, ste-
nosis, or postsurgery syndrome. Given the risks and adverse
effects associated with both types of drug and potential inter-
action effects, additional studies are needed to determine
whether the 2 treatments are equally effective, in which case
the use of steroids can be avoided.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

Bang-zhi Li, Wen-hai Tang, Ming-guo Liu, and Sheng-xue
Bao have contributed equally to this work.

Acknowledgments

This work was supported by the Hospital Level General Pro-
ject of Hubei Provincial Hospital of Traditional Chinese
Medicine (Grant no. 2021YJKT-3). Our study was supported
by the innovation of Traditional Chinese Medicine research
project of Hubei provincial health and family planning com-
mission (ZY2019MO044), and the seventh batch of young and
middle-aged medical backbone talent training project of
Wuhan [2019]87].

References

[1] L. Manchikanti, K. A. Cash, V. Pampati, B. W. Wargo, and
Y. Malla, “Management of chronic pain of cervical disc herni-
ation and radiculitis with fluoroscopic cervical interlaminar
epidural injections,” International Journal of Medical Sciences,
vol. 9, no. 6, pp. 424-434, 2012.

[2] A. Galaasen Bakken, I. Axén, A. Eklund, and S. O’Neill, “The
effect of spinal manipulative therapy on heart rate variability
and pain in patients with chronic neck pain: a randomized
controlled trial,” Trials, vol. 20, no. 1, p. 590, 2019.

[3] S. M. McLean, S. May, J. Klaber-Moffett, D. M. Sharp, and
E. Gardiner, “Risk factors for the onset of non-specific neck



BioMed Research International

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

pain: a systematic review,” Journal of Epidemiology and Com-
munity Health, vol. 64, no. 7, pp. 565-572, 2010.

J. L. Dieleman, J. Cao, A. Chapin et al., “US health care spend-
ing by payer and health condition, 1996-2016,” JAMA,
vol. 323, no. 9, pp. 863-884, 2020.

A. M. Meraya, A. D. Raval, and U. Sambamoorthi, “Chronic
condition combinations and health care expenditures and
out-of-pocket spending burden among adults, medical expen-
diture panel survey, 2009 and 2011,” Preventing Chronic Dis-
ease, vol. 12, p. E12, 2015.

C. J. Murray, J. Abraham, M. K. Ali et al,, “The state of US
health, 1990-2010: burden of diseases, injuries, and risk fac-
tors,” JAMA, vol. 310, no. 6, pp. 591-608, 2013.

G. Gutman, D. H. Rosenzweig, and J. D. Golan, “Surgical treat-
ment of cervical radiculopathy,” Spine, vol. 43, no. 6, pp. E365-
E372, 2018.

J. W. Choi, H. W. Lim, J. Y. Lee et al., “Effect of cervical inter-
laminar epidural steroid injection: analysis according to the
neck pain patterns and MRI findings,” Korean J Pain, vol. 29,
no. 2, pp. 96-102, 2016.

S. P. Cohen and W. M. Hooten, “Advances in the diagnosis
and management of neck pain,” BMJ, vol. 358, p. j3221, 2017.
L. Doan, H. Patel, Y. Aronova, and C. Gharibo, “Variations in
interlaminar epidural steroid injection practice patterns by
interventional pain management physicians in the United
States,” Pain Physician, vol. 21, no. 5, pp. E493-e499, 2018.

L. M. House, K. Barrette, R. Mattie, and Z. L. McCormick,
“Cervical epidural steroid injection: techniques and evidence,”
Physical Medicine and Rehabilitation Clinics of North America,
vol. 29, no. 1, pp. 1-17, 2018.

H. Joswig, A. Neff, C. Ruppert, G. Hildebrandt, and M. N. Stie-
nen, “The value of short-term pain relief in predicting the long-
term outcome of ‘indirect' cervical epidural steroid injections,”
Acta Neurochirurgica, vol. 160, no. 5, pp. 935-943, 2018.

S. Kesikburun, B. Aras, B. Kelle, F. Yavuz, E. Yagar, and M. A.
Tagkaynatan, “The effectiveness of cervical transforaminal epi-
dural steroid injection for the treatment of neck pain due to
cervical disc herniation: long-term results,” Pain Manag,
vol. 8, no. 5, pp. 321-326, 2018.

S. Y. Kwak and M. C. Chang, “Effect of intradiscal pulsed
radiofrequency on refractory chronic discogenic neck pain: a
case report,” Medicine (Baltimore), vol. 97, no. 16, p. e0509,
2018.

M. K. Mesregah, W. Feng, W. H. Huang et al., “Clinical effec-
tiveness of interlaminar epidural injections of local anesthetic
with or without steroids for managing chronic neck pain: a
systematic review and meta-analysis,” Pain Physician, vol. 23,
no. 4, pp. 335-348, 2020.

J. J. Wei, S. Chotai, A. Sivaganesan et al., “Effect of pre-
injection opioid use on post-injection patient-reported out-
comes following epidural steroid injections for radicular pain,”
The Spine Journal, vol. 18, no. 5, pp. 788-796, 2018.

X.N. Yang, Z. S. Geng, X. L. Zhang et al., “Single intracutane-
ous injection of local anesthetics and steroids alleviates acute
nonspecific neck pain: a CONSORT-perspective, randomized,
controlled clinical trial,” Medicine (Baltimore), vol. 97, no. 28,
article e11285, 2018.

W. Y. Kang, J. W. Lee, E. Lee, Y. Kang, J. M. Ahn, and H. S.
Kang, “Systemic effects of fluoroscopically guided epidural ste-
roid injection with dexamethasone,” The Korean journal of
pain, vol. 32, no. 3, pp. 178-186, 2019.

[19]

(20]

(21]

(22]

(23]

[24]

(25]

[26]

(27]

(28]

[29]

(30]

(31]

(32]

11

E. Choi, F. S. Nahm, and P. B. Lee, “Comparison of contrast
flow and clinical effectiveness between a modified paramedian
interlaminar approach and transforaminal approach in cervi-
cal epidural steroid injection,” British Journal of Anaesthesia,
vol. 115, no. 5, pp. 768-774, 2015.

M. Hashemi, P. Dadkhah, M. Taheri, K. Dehghan, and
R. Valizadeh, “Cervical epidural steroid injection: parasagittal
versus midline approach in patients with unilateral cervical
radicular pain; a randomized clinical trial,” Bulletin of emer-
gency and trauma, vol. 7, no. 2, pp. 137-143, 2019.

A. Benditz, M. Brunner, F. Zeman et al.,, “Effectiveness of a
multimodal pain management concept for patients with cervi-
cal radiculopathy with focus on cervical epidural injections,”
Scientific Reports, vol. 7, no. 1, p. 7866, 2017.

A. B. Bhatti and S. Kim, “Application of the harms technique
to treat undiagnosed intractable C1-C2 unilateral neck pain:
a case report,” Cureus, vol. 8, no. 9, article €793, 2016.

H. Joswig, A. Neff, C. Ruppert, G. Hildebrandt, and M. N. Stie-
nen, “The value of short-term pain relief in predicting the 1-
month outcome of 'indirect’ cervical epidural steroid injec-
tions,” Acta Neurochirurgica, vol. 159, no. 2, pp. 291-300,
2017.

H. Y. Kang, J. E. Kim, Y. J. Kim, S. W. Park, and Y. Kim, “An
unusual delayed onset of systemic toxicity after fluoroscopy-
guided cervical epidural steroid injection with levobupiva-
caine: a case report,” Pain Practice, vol. 19, no. 7, pp. 762-
766, 2019.

J. LaFave and R. Bramante, “Upper cervical epidural abscess
resulting in respiratory compromise after lumbar steroid injec-
tion,” The Journal of Emergency Medicine, vol. 57, no. 1,
pp. 66-69, 2019.

D. G. Lee and M. C. Chang, “Effect of interlaminar epidural
steroid injection in patients with central cervical spinal steno-
sis,” World Neurosurgery, vol. 109, pp. e150-e154, 2018.
Z.L.McCormick, T. Burnham, S. Cunningham et al., “Effect of
low-dose lidocaine on objective upper extremity strength and
immediate pain relief following cervical interlaminar epidural
injections: a double-blinded randomized controlled trial,”
Regional Anesthesia and Pain Medicine, vol. 45, no. 10,
pp. 767-773, 2020.

K. Patel, P. Chopra, and S. Upadhyayula, “Epidural steroid
injections,” in Stat Pearls. Treasure Island (FL): Stat Pearls
Publishing Copyright © 2020, Stat Pearls Publishing LLC, 2020.
A. Conger, D. M. Cushman, R. A. Speckman, T. Burnham,
M. Teramoto, and Z. L. McCormick, “The effectiveness of fluo-
roscopically guided cervical transforaminal epidural steroid
injection for the treatment of radicular pain; a systematic
review and meta-analysis,” Pain medicine (Malden, Mass),
2020, undefined (undefined): undefined.

L. Manchikanti, D. E. Nampiaparampil, K. N. Manchikanti
et al,, “Comparison of the efficacy of saline, local anesthetics,
and steroids in epidural and facet joint injections for the man-
agement of spinal pain: a systematic review of randomized
controlled trials,” Surgical Neurology International, vol. 6,
no. 5, pp. 194-235, 2015.

L. Manchikanti, Y. Malla, K. A. Cash, V. Pampati, and J. A.
Hirsch, “Comparison of effectiveness for fluoroscopic cervical
interlaminar epidural injections with or without steroid in cer-
vical post-surgery syndrome,” The Korean journal of pain,
vol. 31, no. 4, pp. 277-288, 2018.

L. Manchikanti, K. A. Cash, V. Pampati, B. W. Wargo, and
Y. Malla, “A randomized, double-blind, active control trial of



12

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

[42]

(43]

(44]

(45]

(46]

fluoroscopic cervical interlaminar epidural injections in
chronic pain of cervical disc herniation: results of a 2-year fol-
low-up,” Pain Physician, vol. 16, no. 5, pp. 465-478, 2013.

L. Manchikanti, K. A. Cash, V. Pampati, B. W. Wargo, and
Y. Malla, “Cervical epidural injections in chronic-discogenic
neck pain without disc herniation or radiculitis: preliminary
results of a randomized, double-blind, controlled trial,” Pain
Physician, vol. 13, no. 4, pp. E265-E278, 2010.

L. Manchikanti, K. A. Cash, V. Pampati, and Y. Malla, “Two-
year follow-up results of fluoroscopic cervical epidural injec-
tions in chronic axial or discogenic neck pain: a randomized,
double-blind, controlled trial,” International Journal of Medi-
cal Sciences, vol. 11, no. 4, pp. 309-320, 2014.

is an Interventional, Malla and L. Manchikanti, “Fluoroscopic
cervical interlaminar epidural injections in managing chronic
pain of cervical postsurgery syndrome: preliminary results of
a randomized, double-blind, active control trial,” Pain Physi-
cian, vol. 15, no. 1, pp. 13-25, 2012.

L. Manchikanti, Y. Malla, K. A. Cash, C. D. McManus, and
V. Pampati, “Fluoroscopic epidural injections in cervical spi-
nal stenosis: preliminary results of a randomized, double-
blind, active control trial,” Pain Physician, vol. 15, no. 1,
pp- E59-E70, 2012.

A. D. Furlan, A. Malmivaara, R. Chou et al., “2015 updated
method guideline for systematic reviews in the Cochrane Back
and Neck Group,” Spine (Phila Pa 1976), vol. 40, no. 21,
pp. 16601673, 2015.

L. Manchikanti, J. A. Hirsch, S. P. Cohen et al., “Assessment of
methodologic quality of randomized trials of interventional
techniques: development of an interventional pain manage-
ment specific instrument,” Pain Physician, vol. 17, no. 3,
pp. E263-E290, 2014.

L. Manchikanti, F. J. Falco, R. M. Benyamin, A. D. Kaye, M. V.
Boswell, and J. A. Hirsch, “A modified approach to grading of
evidence,” Pain Physician, vol. 17, no. 5, pp. E319-E325, 2014.

S.J. Costandi, G. Azer, Y. Eshraghi et al., “Cervical transforam-
inal epidural steroid injections,” Regional Anesthesia and Pain
Medicine, vol. 40, no. 6, pp. 674-680, 2015.

L. Nishio, “Cervical transforaminal epidural steroid injections,”
Regional Anesthesia and Pain Medicine, vol. 39, no. 6, pp. 546-
549, 2014.

S. Bise, L. Pesquer, M. Feldis et al., “Comparison of three CT-
guided epidural steroid injection approaches in 104 patients
with cervical radicular pain: transforaminal anterolateral, pos-
terolateral, and transfacet indirect,” Skeletal Radiology, vol. 47,
no. 12, pp. 1625-1633, 2018.

J. H. Lee and S. H. Lee, “Comparison of clinical efficacy
between interlaminar and transforaminal epidural injection
in patients with axial pain due to cervical disc herniation,”
Medicine (Baltimore), vol. 95, no. 4, p. €2568, 2016.

M. B. Furman, M. T. Giovanniello, and E. M. O'Brien, “Inci-
dence of intravascular penetration in transforaminal cervical
epidural steroid injections,” Spine (Phila Pa 1976), vol. 28,
no. 1, pp. 21-25, 2003.

B. Benny, P. Azari, and D. Briones, “Complications of cervical
transforaminal epidural steroid injections,” American Journal
of Physical Medicine & Rehabilitation, vol. 89, no. 7, pp. 601-
607, 2010.

J. K. Hoang, D. P. Massoglia, M. A. Apostol, C. D. Lascola, J. D.
Eastwood, and P. G. Kranz, “CT-guided cervical transforaminal
steroid injections: where should the needle tip be located?,”

(47]

(48]

[49]

(50]

(51]

(52]

(53]

(54]

(55]

(56]

(57]

(58]

(59]

BioMed Research International

AJNR. American Journal of Neuroradiology, vol. 34, no. 3,
pp. 688-692, 2013.

B. Chen, L. Rispoli, T. P. Stitik, P. M. Foye, and J. S. Georgy,
“Optimal needle entry angle for cervical transforaminal epidu-
ral injections,” Pain Physician, vol. 17, no. 2, pp. 139-144,
2014.

E. Skillgate, O. J. Pico-Espinosa, P. Coté et al., “Effectiveness of
deep tissue massage therapy, and supervised strengthening
and stretching exercises for subacute or persistent disabling
neck pain. The Stockholm Neck (STONE) randomized con-
trolled trial,” Musculoskeletal Science & Practice, vol. 45, article
102070, 2020.

K. A. Weber, T. D. Wager, S. Mackey, J. M. Elliott, W. C. Liu,
and C. L. Sparks, “Evidence for decreased neurologic pain sig-
nature activation following thoracic spinal manipulation in
healthy volunteers and participants with neck pain,” Neuro
Image Clinical, vol. 24, no. undefined, article 102042, 2019.

J. Chen, Z. Wang, Y. Tu et al.,, “Regional homogeneity and
multivariate pattern analysis of cervical spondylosis neck pain
and the modulation effect of treatment,” Frontiers in Neurosci-
ence, vol. 12, p. 900, 2018.

L. S. Krgll, C. S. Hammarlund, M. Linde, G. Gard, and R. H.
Jensen, “The effects of aerobic exercise for persons with
migraine and co-existing tension-type headache and neck
pain. A randomized, controlled, clinical trial,” Cephalalgia:
an international journal of headache, vol. 38, no. 12,
pp. 1805-1816, 2018.

“Vertebral augmentation involving vertebroplasty or kypho-
plasty for cancer-related vertebral compression fractures: a
systematic review,” Ont Health Technol Assess Ser, vol. 16,
no. 11, pp. 1-202, 2016.

R. Chou, P. Coté, K. Randhawa et al., “The global spine care
initiative: applying evidence-based guidelines on the non-
invasive management of back and neck pain to low- and
middle-income communities,” European Spine Journal,
vol. 27, Suppl 6, pp. 851-860, 2018.

D. L. Corey and D. Comeau, “Cervical radiculopathy,” The
Medical Clinics of North America, vol. 98, no. 4, pp. 791-799,
2014.

P. Coté, H. Yu, H. M. Shearer et al., “Non-pharmacological
management of persistent headaches associated with neck
pain: a clinical practice guideline from the Ontario protocol
for traffic injury management (OPTIMa) collaboration,” Euro-
pean Journal of Pain, vol. 23, no. 6, pp. 1051-1070, 2019.

K. B. Dissing, J. Hartvigsen, N. Wedderkopp, and L. Hestbaek,
“Conservative care with or without manipulative therapy in
the management of back and neck pain in Danish children
aged 9-15. Study protocol for a randomized controlled trial,”
Chiropr Man Therap, vol. 24, no. 1, p. 5, 2016.

K. B. Dissing, J. Hartvigsen, N. Wedderkopp, and L. Hestbaek,
“Conservative care with or without manipulative therapy in
the management of back and/or neck pain in Danish children
aged 9-15: a randomised controlled trial nested in a school-
based cohort,” BMJ Open, vol. 8, no. 9, article 021358, 2018.
J.J. Du, Y. E. Chen, Y. Peng, X. J. Li, and W. Ma, “Calcification
of the intervertebral disc and ossification of posterior longitu-
dinal ligament in children,” BMC Musculoskeletal Disorders,
vol. 19, no. 1, p. 316, 2018.

J. Kelly, C. Ritchie, and M. Sterling, “Clinical prediction rules
for prognosis and treatment prescription in neck pain: a sys-
tematic review,” Musculoskeletal Science ¢ Practice, vol. 27,
pp. 155-164, 2017.



BioMed Research International

(60]

[61]

[62]

[63]

[64]

[65]

[66]

(67]

[68]

(69]

(70]

J. I. Kim, Y. I. Kim, E. Kim et al., “Effectiveness and safety of
polydioxanone thread embedding acupuncture compared to
physical therapy in the treatment of patients with non-
specific chronic neck pain: study protocol for an assessor-
blinded, randomized, controlled, clinical trial,” Medicine (Bal-
timore), vol. 98, no. 32, article e16768, 2019.

L. Manchikanti, D. E. Nampiaparampil, K. D. Candido et al.,
“Do cervical epidural injections provide long-term relief in
neck and upper extremity pain? A systematic review,” Pain
Physician, vol. 18, no. 1, pp. 39-60, 2015.

P. H. Martins-de-Sousa, M. Q. Guimardes Almeida, J. M. da
Silva Junior et al., “Program of therapeutic exercises associated
with electrotherapy in patients with chronic neck pain: proto-
col for a randomized controlled trial,” Journal of Bodywork
and Movement Therapies, vol. 24, no. 1, pp. 25-30, 2020.

B. Nystrom, E. Svensson, S. Larsson, B. Schillberg, A. Mork,
and A. Taube, “A small group whiplash-associated-disorders
(WAD) patients with central neck pain and movement
induced stabbing pain, the painful segment determined by
mechanical provocation: fusion surgery was superior to multi-
modal rehabilitation in a randomized trial,” Scandinavian
Journal of Pain, vol. 12, no. 1, pp. 33-42, 2016.

P. Pillastrini, G. Castellini, A. Chiarotto et al., “Comparative
effectiveness of conservative and pharmacological interven-
tions for chronic non-specific neck pain: protocol of a system-
atic review and network meta-analysis,” Medicine (Baltimore),
vol. 98, no. 33, article e16762, 2019.

S. Gungor, R. Aiyer, and D. Erkan, “Cervical epidural injection
in the management of refractory pain and stiffness in spondy-
loarthropathy: a case report series,” Pain practice: the official
journal of World Institute of Pain, vol. 18, no. 4, pp. 532-538,
2018.

J. Y. Park, M. H. Karm, D. H. Kim, J. Y. Lee, H. J. Yun, and J. H.
Suh, “Optimal angle of contralateral oblique view in cervical
interlaminar epidural injection depending on the needle tip
position,” Pain Physician, vol. 20, no. 1, pp. E169-E175, 2017.
H. M. Gazelka, A. H. Burgher, M. A. Huntoon, C. B. Mantilla,
and B. C. Hoelzer, “Determination of the particulate size and
aggregation of clonidine and corticosteroids for epidural ste-
roid injection,” Pain Physician, vol. 15, no. 1, pp. 87-93, 2012.
I. Grosu and P. Lavand’homme, “Continuous regional anes-
thesia and inflammation: a new target,” Minerva Anestesiolo-
gica, vol. 81, no. 9, pp. 1001-1009, 2015.

S. Crespo, G. Dangelser, and G. Haller, “Intrathecal clonidine
as an adjuvant for neuraxial anaesthesia during caesarean
delivery: a systematic review and meta-analysis of randomised
trials,” International Journal of Obstetric Anesthesia, vol. 32,
pp. 64-76, 2017.

M. Schifer, S. A. Mousa, M. Shaqura, and S. Tafelski, “Back-
ground and current use of adjuvants for regional anesthesia:
from research to evidence-based patient treatment,” Anaesthe-
sist, vol. 68, no. 1, pp. 3-14, 2019.

(71]

(72]

(73]

13

P. Dreyfuss, R. Baker, and N. Bogduk, “Comparative effective-
ness of cervical transforaminal injections with particulate and
nonparticulate corticosteroid preparations for cervical radicu-
lar pain,” Pain Medicine, vol. 7, no. 3, pp. 237-242, 2006.

J. L. Friedly, B. A. Comstock, J. A. Turner et al., “A randomized
trial of epidural glucocorticoid injections for spinal stenosis,”
The New England Journal of Medicine, vol. 371, no. 1,
pp. 11-21, 2014.

A. Pasqualucci, G. Varrassi, A. Braschi et al., “Epidural local
anesthetic plus corticosteroid for the treatment of cervical bra-
chial radicular pain: single injection versus continuous infu-
sion,” The Clinical Journal of Pain, vol. 23, no. 7, pp. 551-
557, 2007.



Hindawi

BioMed Research International

Volume 2022, Article ID 4266564, 9 pages
https://doi.org/10.1155/2022/4266564

Research Article

@ Hindawi

Finite Element Analysis of a Novel Fusion Strategy in Minimally
Invasive Transforaminal Lumbar Interbody Fusion

Zhenchuan Han,"”> Bowen Ren,'" Long Zhang,4 Chao Ma®,’ Jianheng Liu,” Jiantao Li(,
Xiao Liu,”> Qingzu Liu,"? Keya Mao(,” and Peifu Tang

IChinese PLA Medical School, Beijing 100089, China

2

2Senior Department of Orthopedics, The Fourth Medical Centre of PLA General Hospital, Beijing 100089, China
’Department of Orthopedics, PLA Rocket Force Characteristic Medical Center, Beijing 100088, China

*Kunming Medical University, Kunming, Yunnan 650000, China

*Key Laboratory of Modern Measurement and Control Technology, Ministry of Education, Beijing Information Science and

Technology University, Beijing 100192, China

Correspondence should be addressed to Keya Mao; maokeya@sina.com and Peifu Tang; pftang301@163.com

Received 19 February 2022; Accepted 11 April 2022; Published 11 May 2022

Academic Editor: Pei Li

Copyright © 2022 Zhenchuan Han 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.

Purpose. To evaluate the biomechanics of a novel fusion strategy (hybrid internal fixation+horizontal cage position) in minimally
invasive transforaminal lumbar interbody fusion (MIS-TLIF). Methods. MIS-TLIF finite element models for three fusion strategies
were created based on computed tomography images, namely, Model-A, hybrid internal fixation (ipsilateral pedicle screw and
contralateral translaminar facet screw fixation)+horizontal cage position; Model-B, bilateral pedicle screw (BPS) fixation
+horizontal cage position; and Model-C, BPS fixation+oblique 45° cage position. A preload of 500N and a moment of 10 Nm
were applied to the models to simulate lumbar motion, and the models’ range of motion (ROM), peak stress of the internal
fixation system, and cage were assessed. Results. The ROM for Models A, B, and C were not different (P >0.05) but were
significantly lower than the ROM of Model-INT (P < 0.0001). Although there were subtle differences in the ROM ratio for
Models A, B, and C, the trend was similar. The peak stress of the internal fixation system was significantly higher in Model-A
than that of Models B and C, but only the difference between Models A and B was significant (P < 0.05). The peak stress of
the cage in Model-A was significantly lower than that of Models B and C (P < 0.01). Conclusion. Hybrid internal fixation with
horizontal single cage implantation can provide the same biomechanical stability as traditional fixation while reducing peak
stress on the cage and vertebral endplate.

1. Introduction

Lumbar degenerative disease (LDD) is the most common
cause of mechanical low back pain, lower limb pain, and
intermittent claudication [1]. When conservative treatment
fails, lumbar interbody fusion is the standard surgical
treatment for LDD [2, 3]. Although a satisfactory outcome
can be expected with conventional open lumbar fusion
surgery, extensive destruction of the posterior muscular-
ligamentous complex can lead to significant postoperative
pain, muscular atrophy, and functional disability in most
patients [4, 5]. Compared to traditional open surgery,

minimally invasive transforaminal lumbar interbody fusion
(MIS-TLIF) wuses tubular retractors for the surgical
approach, which can significantly reduce tissue damage
and preserve the physiological function of muscle tissue
[6, 7]. Therefore, MIS-TLIF has been widely used for the
treatment of LDD [8, 9]. However, there are still contro-
versies about the internal fixation method and the implan-
tation position of the cage for MIS-TLIF in clinical
practice. Bilateral pedicle screw (BPS) fixation and oblique
fusion cage placement are often used for lumbar fusion.
However, the excessive rigidity of BPS fixation can cause
device-related osteoporosis, absorption of grafted bone,
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TaBLE 1: Summary of material properties used in finite element models.

Material properties

Young’s modulus (MPa)

. . . 2
Poisson’s ratio Cross section area (mm®)

Cortical bone 12000
Cancellous bone 100
Endplate 4000
Posterior bone 3500
Articular cartilage 25
Annulus fibrosus 6
Nucleus pulposus

ALL 7.8
PLL 1
LF 1.7
ITL 1
CL 7.5
ISL 1
SSL 8
Cage (PEEK material) 3500
Screws and rods (titanium alloy material) 110000

0.3 —
0.2 —
0.3 —
0.25 —
0.25 —
0.40 —
0.50 —
— 224
— 7.0
— 14.1
— 0.6
— 10.5
— 14.1
— 10.5
0.3

0.3

ALL: Anterior longitudinal ligament; PLL: Posterior longitudinal ligament; LF: Ligament flavum; ISL: Interspinous ligament; SSL: Supraspinous ligament; ITL:

Intertransverse ligament; CL: Joint capsule ligament.

and degeneration of adjacent segments [10, 11]. The obli-
que implantation of the cage into the intervertebral space
may cause the risk of nerve compression due to the dis-
placement and withdrawal of the cage along the original
implantation way [12, 13]. Therefore, various improve-
ment methods have been proposed. Of these, preliminary
clinical evaluation has been performed for hybrid internal
fixation (ipsilateral pedicle screw fixation and contralateral
translaminar facet screw fixation) [14], as well as for hor-
izontal placement of the fusion cage in the intervertebral
space [15, 16]. However, there is still a lack of theoretical
research on their combined application in MIS-TLIF.

The finite element analysis (FEA) can provide detailed
data that is not influenced by complicated clinical factors,
which is ideal to evaluate spinal biomechanics [17, 18].
Therefore, the FEA method was used in this study to com-
pare the effects of hybrid internal fixation combined with
cage horizontal placement fusion strategy and traditional
fusion strategy on the biomechanics of the lumbar spine
and to provide a theoretical basis for the application of this
new fusion strategy in MIS-TLIF.

2. Materials and Methods

2.1. Lumbar Spine FE Model. Computed tomographic (CT)
images of the lumbar spine, used as inputs for the develop-
ment of the model, were obtained from a healthy 24-year-
old male (70kg, 176 cm, and no history of lumbar spine dis-
ease). Images were obtained using a Philips Brilliance 64
Slice CT scanner (Philips Medical Systems, Inc., OH, USA)
at a slice interval of 0.625mm. Images were saved in
DICOM format and imported into Mimics research software
(version 19.0; Materialise, Inc., Belgium) for preprocessing
and to build a preliminary three-dimensional model of the

L4-L5 lumbar segment. The file (format: .stl) generated by
Mimics software was imported into Geomagic Wrap 2017
software (3D Systems, Inc., USA) for optimization and
smoothing of the model. The file generated by the Geomagic
software (.stp format) was imported into SolidWorks (ver-
sion 2017, Dassault Systems, Inc., USA) to assemble the dif-
ferent components of the model: bones, annulus, nucleus
pulposus, screws, and cages. The reconstructed model was
saved (.X_T file). Finally, the. X_T file was imported into
ANSYS software (version 20.0; ANSYS, Inc., USA) for finite
element analysis.

Due to the complex shape of the lumbar vertebrae
model, the 3D tetrahedral elements were employed to mesh
the FE model except for the ligaments. The vertebral body
was divided into the outer cortical bone and inner cancellous
bone. The thickness of cortical bone was 1.0mm and the
thickness of bone endplate was 0.5mm [19], and the end-
plates were set on the superior and inferior surfaces of each
vertebral body. The intervertebral disc was divided into
nucleus pulposus and annulus fibrosus. According to the
lumbar model, there was no separation between the annulus
fibrosus and the nucleus pulposus under load, and no sepa-
ration between the vertebral body and the disc under load;
therefore, the interfacing of the nucleus pulposus and the
annulus fibrosus and interfacing of the disc and the vertebral
body were set as binding. The interfaces of vertebrae and
cages were also assigned to tie constraints [19]. There were
ligaments around the lumbar vertebral body, which can limit
the range of motion of the vertebral body of the spine. How-
ever, because the model of the ligament is too slender and
irregular in shape, a spring element is used in the model to
simulate the ligament of the intervertebral body. The liga-
ments of the lumbar spine were included: the anterior longi-
tudinal ligament (ALL), posterior longitudinal ligament
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FIGURE 1: (a) Anterior-posterior and (b) lateral views of the L4-L5 reference model (Model-INT). (c) Model of the Z-Cage (size: 12 x 10
x 32mm). (d) Model of the pedicle screws (size: 6.0 x 45 mm) and titanium rods (size: 5.5 x 40 mm). (e) Model of the translaminar facet
screws (size: 4.5 x 50 mm). (f) A preload of 500 N and a moment of 10 Nm were applied to the models to simulate lumbar motion.

(PLL), ligament flavum (LF), interspinous ligament (ISL),
supraspinous ligament (SSL), intertransverse ligament
(ITL), and joint capsule ligament (CL). The material proper-
ties were based on the previously reported values [20, 21].
Material properties used in the model (Model-INT), includ-
ing Young’s modulus, Poisson’s ratio, and the cross-
sectional areas of structures, are summarized in Table 1.
The resultant reference model (Model-INT) is shown in
Figures 1(a) and 1(b).

2.2. MIS-TLIF FE Model. The L4-L5 functional spinal unit
was selected to evaluate the MIS-TLIF technique as it is the
most frequent site of LDD requiring surgical treatment
[22]. The steps of the MIS-TLIF procedure are as follows.

First, the left L4 lower articular process, part of the L5
upper articular process, the ligament flavum, and the pos-
terolateral annulus fibrosus were removed. The nucleus pul-
posus tissues in the intervertebral disc could then be
removed. A cage (size: 12 x 10 x 32 mm, Figure 1(c)) was
fabricated based on the Z-Cage (WeGo Company, Shan-
dong, China), using polyetheretherketone (E=3.6GPa).
The pedicle screws (size: 6.0 x 45 mm, Figure 1(d)), transla-
minar facet screws (size: 4.5 x 50 mm, Figure 1(e)), and tita-
nium rods (size: 5.5 x 40 mm) were fabricated based on the
Premier Lumbar Internal Fixation System (WeGo Company,
Shandong, China). All fixation components were made of
titanium alloy (E = 110 Gpa).

All the MIS-TLIF FE models were constructed based on
the validated Model-INT: Model-A, hybrid internal fixation
+horizontal single cage implantation (Figures 2(a)-2(c));
Model-B, BPS fixation+horizontal single cage implantation

(Figures 2(d)-2(f)); and Model-C, BPS fixation+oblique 45°
single cage implantation (Figures 2(g)-2(i)). Unilateral ped-
icle screw fixation was not evaluated owing to a previous
report showing poor biomechanical stability with this type
of fixation [23].

Figures 2(a)-2(c) Model-A, with hybrid internal fixation
(ipsilateral pedicle screw fixation and contralateral transla-
minar facet screw fixation)+horizontal single cage implanta-
tion. (d)-(f) Model-B, with BPS fixation+horizontal single
cage implantation. (g)-(i) Model-C, with BPS fixation+45°
oblique single cage implantation.

2.3. Loading and Boundary Conditions. All nodes of the L5
lower endplate and the two lower facet surfaces were set to
be fully constrained with 0 degrees of freedom to ensure
no displacement or rotation of L5 under external forces. A
500N preload was applied to the upper endplate of L4 to
simulate loading by the upper body weight (Figure 1(f)). A
moment of 10 Nm was then applied to simulate the follow-
ing physiological motions, as per previous studies [24, 25]:
lumbar flexion (FL), extension (EX), left lateral bending
(LLB), right lateral bending (RLB), left rotation (LR), and
right rotation (RR). ROM is an important indicator of lum-
bar stability [26]. To compare the ROM between models, the
ROM ratio was calculated using the Model-INT as the refer-
ence: ((Model — INT — Model — A/B/C) + Model — INT) x
100%. The ROM and ROM ratio were calculated for each
of the six directions of loading motions. The peak stress in
the internal fixation system and cage was used as an index
of the risk of fixation failure [27].



Model-A

Model-B

Model-C
r 4

BioMed Research International

'S

FIGURE 2: (a)-(c) Model-A, with hybrid internal fixation (ipsilateral pedicle screw fixation and contralateral translaminar facet screw
fixation)+horizontal single cage implantation. (d)-(f) Model-B, with BPS fixation+horizontal single cage implantation. (g)-(i) Model-C,

with BPS fixation+45° oblique single cage implantation.

FL EX LLB RLB LR RR
—eo— Current FEM
—=— Markolf, 1972
—a— Wilke, 1999
—v— Chen WM, 2009

FiGure 3: Range of motion Model-INT compared to previously
reported values under the same conditions of loading. FL:
Lumbar flexion; EX, Extension; LLB: Left lateral bending; RLB:
Right lateral bending; LR: Left rotation; RR: Right rotation; ROM:
Range of motion.

2.4. Statistical Anmalysis. Statistical analysis and graphing
were performed using GraphPad Prism (version 7.0; Graph-
Pad Software Inc., La Jolla, CA, USA). One-way analysis of
variance (ANOVA) was used to evaluate differences in
ROM, ROM ratio, and peak stress between the different
internal fixation techniques and cage implantation position,
with a P value <0.05 considered significant.

3. Results

3.1. Reliability of the Model-INT Model. The reliability of the
Model-INT was confirmed by ROM under preload condi-
tions of a 500 N force and a moment of 10 Nm, which were
comparable to values previously reported in experimental
results [28-30] (Figure 3).

3.2. Range of Motion. The ROM for all models (-INT, A, B,
and C) under the six loading motions (FL, EX, LLB, RLB,
LR, and RR) is shown in Figure 4(a). The reference values
(Model-INT) were as follows: FL, 3.32°; EX, 2.43° LLB,
2.66% RLB, 2.42°% LR, 2.62% and RR, 1.59°. The ROM for
Models A, B, and C were not different (P > 0.05) but were
significantly lower than the ROM of Model-INT
(P <0.0001 for all loading motions). The ROM ratio ranged
between 71.07 and 97.53% for Models A, B, and C across all
six loading motions (Figure 4(b)). Although there were sub-
tle differences in the ROM ratio for Models A, B, and C, the
trend in the ROM ratio was similar across all six loading
motions. It can be found that the novel fusion strategy can
achieve postoperative stability similar to the traditional
fusion strategy.

3.3. Peak Stress in the Internal Fixation System. The peak
stress in the internal fixation system for all loading motions
is shown in Figure 5(a). The range of peak stress was as fol-
lows: Model-A, 83.26 MPa (EX) to 189.81 MPa (LR); Model-
B, 48.56 MPa (EX) to 100.09MPa (RR); and Model-C,
58.10 MPa (EX) to 136.05MPa (RLB). The peak stress was
significantly higher in Model-A than in Models B and C.
Specifically, the peak stress in Model-A was higher (fold-
increase) than in Models B and C, respectively, in LLB
(1.80- and 2.05-fold), LR (2.07- and 1.64-fold), and RR
(1.79- and 2.28-fold). In addition, the peak stress in the
internal fixation system was significantly lower in Model-B
than in Models C and A in FL, EX, RLB, and LR. As shown
in Figure 5(b), although the average peak stress in Model-A
was significantly higher than that of Models B and C, only
the difference between Models A and B was significant
(P <0.05). By comparing the values of Models B and C, it
can be found that under the same internal fixation method,
the horizontal placement of the cage reduces the peak stress
of the internal fixation system.
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FIGURE 4: (a) The ROM values of Models A, B, and C were not different (P > 0.05) but they were significantly lower than the Model-INT for
all loading motions (****P < 0.0001). (b) The ROM ratio ranged between 71.07 and 97.53% for Models A, B, and C, but the model of the
ROM ratio curves was highly similar. FL: Lumbar flexion; EX: Extension; LLB: Left lateral bending; RLB: Right lateral bending; LR: Left

rotation; RR: Right rotation; ROM: Range of motion.
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FIGURE 5: (a) The peak stress of the internal fixation system was higher in Model-A than in Models B and C for almost all loading motions,
which was 83.26 MPa (EX) to 189.81 MPa (LR). (b) Although the average peak stress in Model-A was significantly higher than that of
Models B and C, only the difference between Models A and B was significant (*P < 0.05). FL: Lumbar flexion; EX: Extension; LLB: Left
lateral bending; RLB: Right lateral bending; LR: Left rotation; RR: Right rotation.

3.4. Peak Stress in the Cage. The cloud diagram of the stress
in implanted cages is shown in Figure 6(a). It can be found
that the peak stress appears in the area where the cage and
the endplate are in contact, which is in line with the actual
clinical situation. The peak stress in the cage predicts the
stress on the endplate due to the interaction of these forces.
The peak stress in the cage is shown in Figure 6(b). The peak
stress in Model-B reached maximum values in FL
(47.86 MPa) and LLB (40.29 MPa). In Model-C, maximum
peak stress was created in EX (14.64MPa), RLB
(31.07 MPa), LR (32.64 MPa), and RR (32.89 MPa). The peak
stress in the cage in Model-A was obviously lower than that
of Models B and C. Compared to Model-B, the peak cage
stress in Model-A was 29% in FL and 28% in LLB. Com-
pared to Model-C, the peak cage stress in Model-A was
24% in EX, 22% in RLB, 33% in LR, and 23% in RR. As
shown in Figure 6(c), the peak cage stress in Model-A was
significantly different from the peak cage stress in Models
B and C for all loading motions (P < 0.01), with no differ-
ence between Models B and C (P > 0.05).

4. Discussion

Modern intervertebral fusion is mostly achieved by implant-
ing pedicle screws and intervertebral cages, which play an
important role in promoting intervertebral fusion and main-
taining early biomechanical stability of treated segments
[31]. In clinical practice, the fusion strategy mainly depends
on the experience and preferences of the surgeon. However,
it also causes many implant-related complications. The
excessive rigidity of BPS fixation can cause device-related
complications [10, 11]. At the same time, cage-related com-
plications have become increasingly prominent, including
cage displacement, subsidence, and nonfusion, with these
complications yet to be effectively solved [12, 13]. The pur-
pose of our study is important in this regard, providing bio-
mechanical evidence to assist surgeons in selecting the
appropriate fusion strategy for different conditions.

We evaluated the biomechanics for two MIS-TLIF inter-
nal fixation modes (hybrid internal and BPS) and two cage
implantation methods (horizontal and oblique 45°
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FIGURE 6: (a) The stress cloud diagrams showed that the peak stress of the implanted cage was concentrated in the area in contact with the
vertebral endplate. (b) The peak stress in the implanted cage in Model-A was significantly lower than that of Models B and C for all loading
motions. (c) The peak stress of the implanted cage in Model-A was significantly different from Models B and C (**P < 0.01). FL: Lumbar
flexion; EX: Extension; LLB: Left lateral bending; RLB: Right lateral bending; LR: Left rotation; RR: Right rotation.

implantation) using FEA. The ROM, ROM ratio, internal
fixation system peak stress, and cage peak stress were esti-
mated to identify the optimal internal fixation strategy for
better biomechanical stability and a lower failure rate.
Salient findings were as follows. First, with a horizontal cage
placement, both hybrid (Model-A) and BPS (Model-B)
internal fixation significantly reduced lumbar motions
(Figure 4), achieving similar fixation strength, consistent
with previous research conclusions [14, 32, 33]. However,
the study found that the hybrid internal fixation bore greater
peak stress than the BPS fixation (Figure 5), which may be
closely related to the asymmetry in screw arrangement with
the hybrid internal fixation. Since the predicted peak stress
in the fixation components was much lower than the inher-
ent yield strength of the titanium alloy material
(877 +18.5 MPa) [34], the risk of failure of mixed internal
fixation was not increased. Second, there was no significant
difference in the fused segment stability for a horizontal
(Model-B) and 45° oblique (Model-C) cage (Figure 4), but
the horizontal cage position did reduce the peak stress in
the internal fixation and (Figure 5). Thus, it could lower
the risk of internal fixation failure. Previous clinical research
has shown that horizontal placement of cages in lumbar
fusion surgery can improve lumbar lordosis, restore spinal
sagittal balance, and prevent fusion cage displacement [15,
16]. Theoretically, it is also less likely that a horizontally
positioned cage would migrate from the intervertebral space
than a cage placed at an oblique angle of 45°. It is extremely
difficult that migration of the cage from its original position
would allow rotation of the cage and exit from the interver-
tebral space. Third, the cloud diagram of stress distribution
identified peak stress in the cage at the contact area between
the cage and endplate. According to the principle of force
interaction, it can be considered that the endplate is, there-
fore, subjected to the same magnitude of stress. This finding
is consistent with clinical reality. The peak stress of the cage
is significantly reduced in the hybrid internal fixation model
(Model-A, Figure 6), which reflects the higher stress on the
hybrid internal fixation than on BPS internal fixation

(Model-B, Figure 5). The triangular structure of the hybrid
internal fixation method provides excellent mechanical sta-
bility. Therefore, it can be inferred that the low peak stress
of the cage reduces the stress shielding effect and reduces
the risk of cage collapsing, which is especially suitable for
application in older patients with osteoporosis.

The limitations of our study need to be acknowledged.
First, the FE model of L4-L5 segments was constructed from
CT images of a young male adult without evidence of spinal
disease. Therefore, structural changes in the spine caused by
LDD were not considered. Second, the FE model does not
consider the influence of paravertebral muscles, which may
have a slight influence on the stability of the lumbar spine.

5. Conclusion

According to the results of our FEA, hybrid internal fixation
and horizontal single cage implantation can achieve the
same biomechanical stability as the traditional fixation
method by open surgery while significantly reducing the
peak stress in the cage and vertebral endplate. At the same
time, the approach can reduce surgical damage as much as
feasible, which is in line with the concept of minimally inva-
sive surgery. Based on our results, we propose that the
hybrid internal fixation and horizontal single cage implanta-
tion strategy is expected to become an ideal choice for MIS-
TLIF.
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Background. The objective of this study was to evaluate the clinical effectiveness and safety of laminectomy combined with lateral
mass screw fixation in treating cervical intradural extramedullary schwannoma. Methods. We retrospectively collected and
analyzed medical records of 38 patients who underwent resection of cervical intraspinal schwannoma between January 2012
and April 2019. Based on different surgical procedures, two groups were divided among all participants: laminectomy-only
(n=21) and laminectomy with instrumented fixation (n =17); the minimum follow-up time was 1 year. The visual analogue
scale (VAS) score and neck disability index (NDI) were utilized for pain assessment; the Japanese Orthopedic Association
(JOA) score was carried out for the assessment of neurological impairment. Radiographic changes of Cobb angle were
compared before and after the surgery. Results. Consequently, demographics were well matched in both groups, without any
statistical difference (P > 0.05). Compared with preoperation, both surgical procedures significantly improved VAS, NDI, and
JOA scores (P <0.001), but no differences between them (P >0.05). In terms of postoperative spinal instability/deformity,
laminectomy-only caused more events than instrumented fixation, which is statistically significant (P < 0.001). Conclusions. In
summary, laminectomy with lateral mass screw fixation is an effective and safe approach to treat cervical intraspinal

schwannoma, which is likely to be a better choice than the laminectomy-only approach.

1. Introduction

Schwannomatosis is a distinct syndrome with the character-
ization of multiple peripheral nerve schwannomas, familial
or sporadic [1]. Both neurofibromas and schwannomas are
composed of neoplastic Schwann cells [2-4]. Spinal schwan-
nomas are benign tumors, and most of them are extramedul-
lary intradural [5-8]. However, there are anatomopathological
differences between neurofibromas and schwannomas. Neu-
rofibromas are areas of increased thickness of the nerve, often
dumbbell-shaped and sited next to the intervertebral foram-
ina. Schwannomas are well demarcated, encapsulated, typi-
cally round, and attached to the nerve roots [9].

Reportedly, 24% of all nerve sheath tumors in adults are
schwannomas, which are the most frequent extramedullary,
intradural spinal tumors [9]; intradural Schwannoma may
rank up to a percentage of 83.67%. To our knowledge, the

main symptoms caused by intradural extramedullary
schwannoma are radiculopathy and neurogenic claudica-
tion, due to spinal cord compression with the growth of
tumor [10, 11]. What is more, it usually causes motor loss
and worsening sensory, as well as back pain spreading out
from the tumor level [12, 13]. To date, surgical resection of
the tumors by posterior laminectomy is still the first choice
for the treatment of symptomatic intraspinal schwannomas
[14]. However, the laminectomy-only approach might lead
to the acceleration of spinal degeneration and progress to
spinal instability and even form spinal deformity, due to
the destruction of posterior column structure [15, 16].
Thus, the current study was focused on the assessment of
clinical effectiveness and safety of posterior laminectomy plus
lateral mass screw fixation in the treatment of cervical intrasp-
inal schwannomas by comparing with a laminectomy-only
approach, based on a minimum of 1-year follow-up.
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Specifically, we only enrolled patients who had sustained cer-
vical intradural extramedullary schwannomas to minimize
the confounding factors.

2. Patients and Methods

2.1. Ethical Statement. This retrospective study has been
approved by the local Ethical Committee of the Third Hos-
pital of Hebei Medical University. This study was supported
by all the participants with their informed consent provided.
The methods that were used in this study were conducted
according to related regulations and guidelines.

2.2. Participant Selection. In the current study, all partici-
pants were screened by medical records. The identified
patients had experienced resection surgery to remove cervi-
cal intradural extramedullary schwannomas by total lami-
nectomy, with or without instrumented fixation (Figure 1).
All cases in this study received surgeries for the first time
after being diagnosed with cervical spinal schwannomas;
they did not have a previous history of the same diseases.
No other tumors were found concurrent at the moment of
surgery. During the period of follow-ups, diseases that were
newly found and can change spinal stability have been
excluded, such as severe osteoporosis, ankylosing spondyli-
tis, and spine trauma. Patients undergoing reoperations were
also excluded if performed due to recurrence. Our patients
were usually followed up after surgery regularly, with post-
operative 3rd month and 12th month and thereafter.

2.3. Clinical Assessment. Clinical assessment was conducted,
and radiological changes were recorded preoperatively and
postoperative 3rd month and 12th month and the last
follow-up (1 year or longer). The visual analogue scale
(VAS) score and neck disability index (NDI) were utilized
for pain assessment; the Japanese Orthopedic Association
(JOA, 17 points) score was carried out for the assessment
of neurological impairment. Radiographic changes of Cobb
angle were compared before and after the surgery. In addi-
tion, postoperative complications were recorded and com-
pared. Furthermore, an analysis of patient satisfaction was
performed as before [17, 18], according to the questionnaire
including three levels of satisfaction—very satisfied, satisfied,
and dissatisfied.

2.4. Statistical Analysis. Statistics was done with SPSS for
Windows 18.0 (IBM SPSS Inc., Chicago, IL). Measurement
data were presented as mean+ SD (standard deviation).
The comparisons regarding VAS score, NDI, and JOA score
between presurgery and postsurgery were conducted by
analysis of variance (ANOVA), with SNK-q tests as post
hoc tests. Student’s t-tests were used to compare demo-
graphic data and surgical parameters. A chi-square test was
used to compare categorical data between groups. Statistical
significance was identified when P < 0.05.

3. Results

3.1. Demographics and Baseline Data. We retrospectively
collected and analyzed medical records of 38 patients who
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underwent resection of cervical intraspinal schwannoma
between January 2012 and April 2019. Based on different
surgical procedures, two groups were divided among all par-
ticipants: laminectomy-only (n =21) and laminectomy with
instrumented fixation (n = 17); the minimum follow-up time
was 1 year. As shown in Table 1, the age of the laminectomy-
only group was 49.4 years (19-72), while that of the lateral
mass screw group was 47.8 years (17-75). There were 12
males and 9 females in the laminectomy-only group and
11 males and 6 females in the lateral mass screw group. Pre-
operative symptom duration was 7.3 + 4.4 months and 6.9
+ 4.8 months in the laminectomy-only group and the lateral
mass screw group, respectively. The follow-up period was
40.6 £21.5 months and 43.1+19.8 months in the
laminectomy-only group and the lateral mass screw group,
respectively. There is no significant difference between these
two follow-up periods (P > 0.05). Comparisons between the
two groups above did not show any differences in terms of
age, sex percentage, duration of symptom, follow-up, blood
loss, and hospital stay (all P> 0.05). Blood transfusion was
not compared between the two groups due to a lack of suffi-
cient data.

However, the lateral mass screw group underwent longer
surgical time and higher medical expenses in comparison
with the laminectomy-only group (P < 0.05). The segmental
distribution of cervical intraspinal schwannoma is shown in
Figure 2. It revealed a similar distribution between the
laminectomy-only group and the lateral mass screw group.

3.2. VAS Score and NDI. As exhibited in Table 2, the preop-
erative VAS score was 5.18 +2.01 and at the last follow-up
was 1.02 £ 0.25 in the laminectomy-only group. The preop-
erative VAS score was 5.21 +2.13 and at the last follow-up
1.05+0.22 in the lateral mass screw group. As shown in
Table 3, preoperative NDI was 24.5+ 13.8 and at the last
follow-up 4.6 £2.5 in the laminectomy-only group, while
they were 23.8+14.6 and 4.3 +£2.4, respectively, in the
lateral mass screw group. Statistical analysis showed that
VAS score and NDI have significantly improved in the
laminectomy-only and lateral mass screw groups, compared
with the preoperative ones (all P <0.001). And yet, VAS
score or NDI comparisons did not indicate any significant
differences between the two groups above.

3.3. JOA Score. As Table 4 tells, in the laminectomy-only
group, the preoperative JOA score was 7.1+ 3.5 and post-
surgery was 13.0 £2.6 at the last follow-up; in the lateral
mass screw group, preoperative JOA score was 7.3 +4.1
and postsurgery 12.8 + 2.5 at the last follow-up. Statistically,
the within-group differences were significant regarding the
JOA score between the postoperative and the preoperative
ones (P <0.001). No differences were found between the
laminectomy-only and lateral mass screw groups, regardless
of preoperation, postoperative 3rd month, postoperative one
year, and the last follow-up (all P > 0.05).

3.4. Complications. Table 5 has summarized the main post-
operative complications. Statistics has indicated that spinal
instability, even deformity formation, only occurs in the
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F1GuRrE 1: Radiological images before surgery, after surgery, and at the last follow-up. (a, b) Preoperative X-ray images; (c, d) preoperative
T2- and T1-weighted MRI scan; (e, f) preoperative enhanced T1-weighted MRI scan; (g, h) postoperative X-ray immediately; (i, j)

postoperative X-ray at the last follow-up.

TaBLE 1: Demographic data and surgical information (mean + SD).

Items Laminectomy-only (n =21) Lateral mass screw (n=17) P value
Age (yr) 49.4+18.3 (19-72) 47.8+19.1 (17-75) 0.801
Sex 12/9 (M/F) 11/6 (M/F) 0.744*
Duration of symptom 7.3 £ 4.4 months 6.9 + 4.8 months 0.797
Follow-up (months) 40.6 +21.5 (18-67) 43.1+19.8 (20-72) 0.725
Blood loss (ml) 240 + 180 (105-640) 283 +207 (123-955) 0.511
Surgical duration (min) 102.5 £ 31.9 (55-190) 129.7 £ 39.6 (68-220) 0.029
Hospital stay (days) 12.0 + 4.8 (5-21) 10.5+4.2 (6-18) 0.338
Medical expenses ¥ 14873 + 3255 ¥ 38875 + 3662 <0.001

*By Pearson chi-square test; the other analyses were determined by independent ¢-tests.

laminectomy-only group, more than in the lateral mass
screw group (P < 0.001). No differences were found between
these two surgical procedures regarding the other complica-
tions (all P > 0.05).

3.5. Patient Satisfaction. Patient satisfaction grades are col-
lected in Table 6; it did not show any significant difference
between the laminectomy-only group and the lateral mass
screw group regarding patient satisfaction grades (y? = 646,
P =0.724). Most patients were very satisfied with their surgi-
cal outcomes.

4. Discussion

Clinically, schwannomas are found the most common type
of spinal intradural nerve sheath tumors, the second neuro-

fibromas [19]. Because of sharing some similarities in symp-
toms and imaging characteristics, intradural extramedullary
schwannoma and intervertebral disc diseases could be mis-
diagnosed to each other. Diagnosis of cervical radiculopa-
thies due to disc herniation is straightforward with MRI
or CT scan and electromyography. Schwannomas are rela-
tively rare and often initially asymptomatic and yet can be
progressive to manifest paresthesia, pain, numbness, and
weakness. Schwannomas can also be misdiagnosed as other
diseases, particularly neurological diseases. Navarro et al.
[20] reported that a 19-year-old male patient with cervical
intramedullary schwannoma was initially misdiagnosed as
motor neuron disease. Thus, differential diagnosis is very
important and should be cautious with schwannomas.

To date, total laminectomy has been regarded as an
effective and safe technique in treating intraspinal



4 BioMed Research International
6
3
8
S
o
g
o0
g
=
Z
C2-3 C3-4 C4-5 C5-6 C6-7
B Laminectomy-only (n=21)
B Lateral mass screw (n=17)
F1gURE 2: Distribution of cervical intraspinal schwannoma preoperatively.
TaBLE 2: Comparison regarding VAS score (mean + SD).
Groups Pre PO 3 months 1 year Last follow-up P value*
Laminectomy—only (n = 21) 5.18+2.01 3.15+1.42 1.21+0.78 1.02+0.25 <0.001
Lateral mass screw (n=17) 521+2.13 3.11+1.33 1.16 £0.85 1.05+0.22 <0.001
P value 0.966 0.932 0.856 0.712 —
VAS: visual analogue scale; Pre: preoperation; PO: postoperation. * Comparison within groups.
TaBLE 3: Comparison regarding NDI (mean + SD).
Groups Pre PO 3 months 1 year Last follow-up P value*
Laminectomy-only (n =21) 24.5+13.8 14.4+11.9 8.2+4.6 46+2.5 0.0001
Lateral mass screw (n = 17) 23.8+14.6 14.1 +12.1 7.2+4.73 43+2.4 0.0001
P value 0.884 0.941 0.513 0.720 —
NDI: neck disability index (50 points); Pre: preoperation; PO: postoperation. * Comparison within groups.
TaBLE 4: Comparison regarding JOA score (mean + SD).
Groups Pre PO 3 months 1 year Last follow-up P value*
Laminectomy-only (n:21) 7.1+35 10.2+3.2 12.6+2.8 13.0+2.6 <0.001
Lateral mass screw (n = 17) 7.3+4.1 10.5+3.4 12.4+3.1 12.8+2.5 <0.001
P value 0.876 0.789 0.841 0.819 —

Pre: preoperation; PO: postoperation; JOA: Japanese Orthopedic Association (17 points); *comparison within groups.

schwannomas. However, mounting evidence has indicated
an increasing rate of approach-related complications,
including postoperative spinal instability or progression of
spinal deformity [15, 21]. Compared with laminectomy-
only, instrumented fixation possesses some evident advan-
tages, especially for dumbbell tumors which are challenging

for surgeons [22]. As such, instrumented fixation is impera-
tive after total resection of a large cervical dumbbell
schwannoma.

Furthermore, the advantages of instrumented fixation
were also indicated by our findings in the current study.
Overall, 38 patients undergoing resection of cervical
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TaBLE 5: Summary of postoperative complications.
Complications Laminectomy-only (n = 21) Lateral mass screw (n=17) P value*
New/worsening sensory symptom 2 (9.5%) 2 (11.8%) 0.758
New/worsening weakness 1 (4.8%) 1 (5.9%) 0.564
CSF leak 1 (4.8%) 1 (5.9%) 0.564
Wound infection 1 (4.8%) 0 (0.0%) 0.915
Spinal instability 6 (28.6%) 0 (0.0%) <0.001
Spinal deformity 2 (9.5%) 0 (0.0%) <0.001
Spinal instability/deformity 8 (38.1%) 0 (0.0%) <0.001
CSF: cerebrospinal fluid. *By Fisher’s exact test.
TABLE 6: Patient satisfaction grades.

Groups Very satisfied Satisfied Dissatisfied Statistic*
Laminectomy-only (N =21) 15 (71.4%) 4 (19.1%) 2 (9.5%) XZ =0.646
Lateral mass screw (N =17) 11 (64.7%) 5 (29.4%) 1 (5.9%) P=0.724

*Pearson chi-square test between the laminectomy-only group and the lateral mass screw group.

intraspinal schwannomas were incorporated in this study.
The patients were divided into two groups based on the dif-
ferent surgical procedures; one was a laminectomy-only
group and the other was a laminectomy with instrumented
fixation group. The follow-up period is long enough with a
mean duration of over 40 months in both groups. Baseline
data were well matched between the two groups without a
difference. However, only a few patients experienced blood
transfusion, and thus, no sufficient data can be compared.
The segmental distribution of cervical intraspinal schwan-
noma was shown similar between the laminectomy-only
group and the lateral mass screw group. Postoperatively,
pain and neurological impairment significantly improved
irrespective of a laminectomy-only group or lateral mass
screw group. Seemingly, instrumented fixation did not differ
from the laminectomy-only approach in terms of neurolog-
ical improvement. However, the analyses of postoperative
complications suggested that spinal instability and deformity
were more likely to exist in the laminectomy-only group as
compared with the lateral mass screw group, because the
laminectomy-only approach generally leads to the destruc-
tion of posterior column structure including posterior liga-
ment complex [15, 16]. We also compared some other
postoperative complications including new/worsening sen-
sory symptoms, new/worsening weakness, cerebrospinal
fluid leak (4.8%-5.9%), and wound infection, but found no
significant differences between the two surgical procedures.
The demerits of the lateral mass screw group included longer
surgical time due to more operation and higher medical
expenses owing to the use of lateral mass screws in compar-
ison with the laminectomy-only group. Some other postop-
erative complications have been reported in previous
studies. Kobayashi et al. [23] reported a case of delayed
hydrocephalus which was caused by the leak of cerebrospi-
nal fluid after a cervical schwannoma was resected. Kumar
et al. [24] reported that Horner’s syndrome happened in
the case after a cervical vagal schwannoma was removed.

There are some limitations and shortcomings in this
work. First off, this is a retrospective study which might have
generated the selection bias. Additionally, this study is a
single-center report, not comprehensive enough. At last, this
study does not have a large sample size, which could have
compromised the power of test and thus is another short-
coming. Therefore, it would be much better if a prospective
randomized clinical trial with a large sample size can be per-
formed for further investigation in the future.

5. Conclusions

In conclusion, laminectomy with lateral mass screw fixation
is an effective and safe approach in treating cervical intrasp-
inal schwannoma, which is likely to be a better choice than
laminectomy-only approach, particularly in terms of main-
taining postoperative spinal stabilization.
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