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Abstract 

Background New-onset neurological symptoms such as numbness and pain in lower extremities might appear 
immediately after conventional lumbar interbody fusion (LIF) surgery performed in patients with lumbar spinal 
stenosis.

Methods and analysis This is a multicenter, randomized, open-label, parallel-group, active-controlled trial investigat-
ing the clinical outcomes of modified LIF sequence versus conventional LIF sequence in treating patients with lumbar 
spinal stenosis. A total of 254 eligible patients will be enrolled and randomized in a 1:1 ratio to either modified LIF 
sequence or conventional LIF sequence group. The primary outcome measure is the perioperative incidence of new-
onset lower extremity neurological symptoms, including new adverse events of pain, numbness, and foot drop of any 
severity. Important secondary endpoints include visual analogue scale (VAS) pain score and lumbar Japanese Ortho-
paedic Association (JOA) recovery rate. Other safety endpoints will also be evaluated. The safety set used for safety 
data analysis by the actual surgical treatment received and the full analysis set for baseline and efficacy data analyses 
according to the intent-to-treat principle will be established as the two analysis populations in the study.

Conclusion This study is designed to investigate the clinical outcomes of modified LIF sequences in patients 
with lumbar spinal stenosis. It aims to provide clinical evidence that the modified “fixation-fusion” sequence of LIF 
surgery is effective in treating lumbar spinal stenosis.

Trial registration http:// www. chictr. org. cn/ index. aspx ID: ChiCTR2100048507.
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Introduction
Lumbar spinal stenosis (LSS) may lead to severe pain 
in low back or leg and also neurogenic claudication [1]. 
In clinical practice, the lumbar interbody fusion (LIF) 
technique has been widely used in the treatment of LSS 
patients to restore the height of the intervertebral disc 
and foramen and also the sagittal volume of the lumbar 
spinal canal [2].

In recent years, however, the postoperative neurologi-
cal symptoms after LIF surgery, characterized by new-
onset postoperative pain or numbness, dysesthesia, and 
muscle weakness have aroused widespread concern 
among clinicians [3–7]. Although these symptoms are 
usually transient and would be significantly relieved by 
themselves, it has a great impact on the quality of life 
of patients at that time interval. Some researchers have 
hypothesized about what causes these symptoms. Pos-
tigo et al [8]reported an increased risk of numbness, pain, 
and even foot drop after over-distraction on LIF sur-
gery. A study by Matsui et al [9]showed that during the 
process of nerve root being pulled, the nerve root usu-
ally has ischemia, and hence the traction pressure and 
duration may be the potential risk factors for nerve root 
injury. Fu et  al [10] found that when the height of the 
intervertebral space was increased to 140% of the original 
height, the nerve root tension increased the risk of injury 
significantly.

These findings coincide with our clinical experi-
ence in recent prospective research [11]. In this pro-
spective observational clinical trial, we observed that 
fixation followed by fusion implantation resulted in a 
more physiologic reconstruction of the intervertebral 
space height, rather than excessive distraction result-
ing in excessive tension of the walking nerve roots, 
and reduced the incidence of postoperative neurologi-
cal symptoms. It is essential to acknowledge that pre-
vious studies have concluded that additional fusion in 
conjunction with decompressive surgery may not yield 
discernible benefits, furthermore, they have noted 
potential drawbacks such as increased hospitalization 
time and blood loss [12–14]. The pressing challenge, 
therefore, lies in the quest to enhance the outcomes of 
LIF surgery. By doing so, we can bridge the gap between 
fusion and non-fusion surgery, catering to the unique 
needs of patients who may still require fusion surgery, 
and offering a more tailored approach that optimizes 
the surgical outcomes.

As a result, we modified the LIF surgery technique 
further, to relieve the nerve root axial traction caused 
by the excessive distraction of intervertebral space to a 
greater extent [11, 15–18]. Herein we present the study 
rationale and methodology for this randomized, con-
trolled trial to investigate the clinical outcomes of lumbar 

surgery sequence of fixation-fusion in LSS patients. It 
aims to provide more clinical evidence that the modified 
sequence of the LIF surgery is effective in treating LSS.

Methods/design
Study design
The study (http:// www. chictr. org. cn/ index. aspx ID: 
ChiCTR2100048507) is a multicenter, randomized, 
open-label, parallel-group, active-controlled trial that 
will investigate the clinical outcomes of modified LIF 
sequence versus conventional LIF sequence in treating 
patients with lumbar spinal stenosis. It will be conducted 
following the international Consolidated Standards of 
Reporting Trials (CONSORT) statement (http:// www. 
conso rt- state ment. org/). Approximately three clinical 
centers will participate in this study. A brief flow chart of 
this study is provided in Fig. 1.

Study patients
A total of 254 eligible patients will be enrolled and rand-
omized after screening at the study sites.

The following are the inclusion criteria:

Age > 18 and < 80 years;
Non-pregnant and lactating women;
The patient is suffering from lumbar spinal stenosis 
(refers to the clinical syndrome of the nerve root and 
cauda equina compression caused by factors such 
as facet joint hyperplasia and stimulation, which is 
manifested as low back pain, lower extremity pain, 
lower extremity numbness, lower extremity weak-
ness, intermittent claudication, and even urine and 
stool dysfunction);
Lumbar spine imaging examination (X-ray film, com-
puted tomography, and magnetic resonance imaging) 
to diagnose lumbar spinal stenosis, or hyperplasia of 
facet joint leading to nerve tissue (spinal cord or nerve 
root) compression, or nerve tissue compression caused 
by the stenosis of nerve root outlet. On the basis of 
imaging examination, patients with the Modified Schi-
zas Classification Grade B, C, and D can be enrolled;
With significant clinical symptoms of lumbar spinal 
stenosis, including low back pain, lower limb numb-
ness and pain, and intermittent claudication; On 
physical examination, the patient had limited lumbar 
extension, positive or negative straight leg elevation 
test, and abnormal knee and tendon reflexes;
More than 6 months of conservative treatment, no 
significant improvement of symptoms, seriously 
affect the quality of life of patients;

Patients with a strong desire to undergo surgery and a full 
understanding of the differences between the two surgical 

http://www.chictr.org.cn/index.aspx
http://www.consort-statement.org/
http://www.consort-statement.org/


Page 3 of 7Pan et al. BMC Musculoskeletal Disorders          (2023) 24:928  

procedures and their complications signed an informed 
consent form to voluntarily participate in the clinical trial.

The exclusion criteria are as follows:

Patients with cardiovascular, liver, kidney and hemat-
opoietic systems and other serious primary diseases, 
mental and malignant diseases such as tumors;
Combined with congenital lumbar malformation, 
past infection history, tumor history, and trauma his-
tory, leading to significant abnormal changes in the 
shape of the lumbar spine;

The existence of compression diseases in other parts 
of the spine other than the lumbar spine, such as 
cervical disc degeneration, cervical hyperextension, 
cervical posterior longitudinal ligament ossification, 
thoracic posterior longitudinal ligament ossification, 
thoracic ligament yellow ossification, etc.;

There are other diseases such as piriformis syndrome, 
sciatic nerve injury, polio, and Guillan-Barre syndrome, 
which affect neurological function and thus interfere 
with postoperative efficacy.

Fig. 1 Study flowchart
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Recruitment and randomization process
Before enrollment, there will be one pretreatment screen-
ing visit at the study site office, during which each subject 
will be assigned a unique identification number.

Once considered eligible for entry, the patients with 
LSS will be randomly assigned to one of two study treat-
ment groups, e.g., either modified LIF sequence or con-
ventional LIF sequence in a 1:1 ratio. A stratified block 
randomization with randomly varying block size will be 
used, stratified by surgical segments of lumbar interver-
tebral disc (single versus multiple segments), modified 
Schizas classification of LSS (level B versus C/D). Ran-
dom assignment is generated by an independent statisti-
cian and implemented via central randomization mobile 
phone APP (Shanghai KNOWLANDS MedPharm Con-
sulting Co., Ltd.). In order to avoid potential selection 
bias, the randomization sequence is concealed from both 
clinical staff and patients until assignment. With these, 
neither site investigators nor study participants can influ-
ence the study patients’ assigned treatment group.

Description of the interventions
The enrolled subjects will be randomized to undergo 
LIF surgery with a modified sequence or a conventional 
sequence. Electromyography serves as a crucial supple-
mentary assessment and prognostic indicator, to mini-
mize the potential bias of the trial data, each participant 
will undergo electromyography prior to surgery, mitigat-
ing the impact of individual patient factors on the prog-
nosis and ensuring the accuracy of the test results. All 
subjects would be operated on by senior spine surgeons 
at each site who have at least five years of spine surgical 

experience and performed more than 100 cases of LIF 
surgery annually. All subjects will take the same surgical 
devices. PEEK was uniformly used as the cage material 
due to practical limitations. Due to practical limitations, 
the expandable cage was not used in this clinical trial. 
Therefore, only static cage is used uniformly for all 
patients. Representative intraoperative images of modi-
fied LIF sequence surgery is provided in Fig. 2.

All the consumables used in the operation are from the 
same manufacturer, and the operations will be carried 
out in strict accordance with a unified standard. The only 
difference is that patients in the modified LIF sequence 
group are to be implanted with the fusion cage before 
with the titanium rod, as opposed to those in the con-
ventional LIF sequence group which are in the opposite 
order. A detailed description of the LIF surgery technique 
can be found in previous studies [11, 19].

Study visits
Seven study visits per subject will be scheduled in the 
study as follows: pretreatment visit (Day − 14 to Day 
0), treatment visit (Day 1), discharge visit (on the day 
of discharge from hospital), follow-up visit month 1 
(Month 1 post-treatment), follow-up visit month 3 
(Month 3 post-treatment), follow-up visit month 6 
(Month 6 post-treatment) and follow-up visit month 
12 (Month 12 post-treatment). These visits will be 
made at the patient ward before discharge or study site 
office after discharge. At scheduled visits, data relating 
to demography, operation duration, estimated blood 
loss during operation period, length in days of the stay 
at hospital, and perioperative complications, visual 

Fig. 2 Representative intraoperative images of modified LIF sequence surgery A: The insertion of the pedicle screws; B: The installation of the rods 
prior to the placement of cages; C: Direct decompression and insertion of the cage after installation of the rods
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analogue scale (VAS) pain score and lumbar Japanese 
Orthopaedic Association (JOA) score, concomitant 
medication, new-onset adverse events, etc. will be col-
lected. See Fig. 1 for more details.

In case severe adverse events occur, the subjects can 
decide to drop out any time during the study.

Outcome measures
Primary outcome
The primary outcome endpoint is the new-onset lower 
extremity neurological symptoms, including new 
adverse events of pain, numbness, and foot drop at dif-
ferent severity, which occur on the day of surgery per-
formed until prior to discharge from hospital. In order 
to exclude the influence of nerve root edema, these 
new-onset symptoms to be included for analysis should 
not be significantly relieved three days after conserva-
tive treatment of nerve dehydration.

Secondary outcomes
The efficacy endpoints in this study mainly included 
VAS pain score, and lumbar JOA recovery rate pre 
and post LIF surgery. The VAS pain score is an ordi-
nal scale of 0 to 10 points, with 0 indicating no pain, a 
higher value indicating more severe pain, and 10 indi-
cating the most severe one. The lumbar JOA recovery 
rate is derived from lumbar JOA score per subject visit. 
Lumbar JOA score involves four aspects: subjective 
symptoms (a range of 0 to 9 points), clinical signs (a 
range of 0 to 6 points), daily life activities (a range of 0 
to 14 points), and bladder function (a range of -6 to 0 
points). The total JOA score ranged from − 6 (worst) to 
29 points (normal), with a lower score indicating more 
significant dysfunction. The recovery rate of lum-
bar JOA is calculated by Hirabayashi’s method [20]as 
follows:

Safety outcomes
The safety outcome endpoints also include other adverse 
events (AEs), surgery complications and laboratory tests as 
appropriate. The AEs profile of both treatments will be eval-
uated by examining the incidence of AEs according to the 
National Cancer Institute Common Terminology Criteria 
for Adverse Events (NCI CTCAE, Version 5.0, https:// ctep. 
cancer. gov/ proto colde velop ment/ elect ronic_ appli catio ns/ 
docs/ CTCAE_ v5_ Quick_ Refer ence_8. 5x11. pdf).

JOA recovery rate =
Post − Preoperative lumbar JOA score

29 − Preoperative lumbar JOA score
× 100%

Sample size calculation
We used  SAS®software, V.9.4 (SAS Institute, North Car-
olina, USA) to estimate sample size. According to the 
principle of outcome superiority design, the significance 
level α was set as 0.05 at two-sided. And the effect size 
indicates the treatment difference of clinical significance. 
The primary endpoint is the new-onset neurological 
symptoms (including pain, numbness and foot drop) of 
the lower limbs during the perioperative period from LIF 
surgery until discharge from hospital.

Assuming that the incidence of new-onset lower 
extremity neurological symptoms before and after the 
expected improvement [11]was 16% and 5%, respectively, 
when the two groups with a sample size of 242 subjects 
are randomly allocated in a 1:1 ratio, a power of 80% to 
establish superiority of modified LIF sequence over con-
ventional LIF sequence will be reached. If the drop-out 
rate is 5% or less, a total of 254 eligible subjects would be 
required to randomly enroll in this study.

Statistical analysis
The study includes two analysis populations. Of them, 
Safety set (SS) is defined as all subjects who have received 
the treatment of the study-specified operation (regardless 
of whether they participate in the randomized assign-
ment or not) and will be the primary analysis popula-
tion for safety data. The subjects in SS will be grouped 
according to the actual surgical treatment received. On 
the other hand, we will use full analysis set (FAS) for the 
baseline and efficacy data; It includes all subjects who are 
randomized into the study groups and received the study 
operation scheme. Following the principle of intention 
to treat, subjects in FAS would be analyzed by their ran-
domly assigned group, regardless of the actual operation 
received.

The primary endpoint in this study is new-onset lower 
extremity neurological symptoms. The Cochran mantel 
Haenszel (CMH) method stratified by random stratifi-

cation factors as appropriate will be used to test the sta-
tistical hypothesis. The incidence and 95% confidence 
interval (CI, Clopper-Pearson method) of will be esti-
mated by treatment group. The CI of incidence difference 
between the two groups will be obtained by Newcombe 
method [21]. Similar statistical analysis will further be 
carried out for individual events of new-onset lower 
limb neurological symptoms, or Fisher exact method as 
appropriate will be used for comparison between groups. 

https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_8.5x11.pdf
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_8.5x11.pdf
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_8.5x11.pdf
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Additionally, similar analysis for the relief of old lower 
extremity neurological symptoms will be conducted for 
pooled and individual events, namely pain, numbness 
and foot drop during the perioperative period.

For VAS pain score, we will use analysis of covariance 
(ANCOVA) to compare the between-group changes of 
the observed values from baseline values after treatment. 
The random stratification factors as appropriate and the 
treatment group will be considered as fixed factors with 
the baseline value as covariate. The least squares mean 
(LSM), the difference from the control group and its 95% 
CI will be also provided. Similarly, 3-month recovery rate 
of lumbar JOA will be analyzed with the use of ANCOVA 
method.

In addition, we will use a repeated measures mixed 
effects model (MMRM) as supportive analysis as appro-
priate. MMRM analysis has treatment group, time and 
time treatment group interaction as fixed effects, baseline 
value as covariate, and subjects as random effects. When 
missing data occur, the last observation carry forward 
method (LOCF) will be applied to primary analysis and 
no data imputation as sensitivity analysis. If data distri-
bution limits the use of ANCOVA, a rank-based analysis 
will be utilized. The LSM, the difference from the control 
group and its 95% CI will be also provided.

In this study, we will use a p-value of 0.05 or less at 
two-sided to indicate significance for any statistical tests 
with the use of R, V.4.0.4 [22] and  SAS® software, V.9.4 
(SAS Institute, North Carolina, USA).

Ethics and dissemination
Ethical considerations
The independent ethics committee (IEC) of Shanghai 
Changzheng Hospital approved the study protocol (ver-
sion 1.0, issue date: 2021-05-31) for all three participat-
ing centers (Approval No.2021SL030). The IEC agreed 
that this study will not raise patients’ risk or cause any 
extra harm to patients. The IEC further agreed that the 
study is in accordance with the Declaration of Helsinki 
and that the study will be conducted without ethics 
problems. All subjects will be required to sign a written 
informed consent document before their participation 
in the study.

Relevance and dissemination
Our retrospective data (2020) [11] revealed that the 
modified sequence of LIF surgery can significantly reduce 
the incidence of immediate post-operative symptoms 
for patients with single-level lumbar disc herniation via 
installation of rods prior to insertion of the cage. For the 
purpose of a higher level of evidence, herein it is expected 
that this multicentre randomized controlled trial will 
clearly demonstrate the two types of surgery sequence 

in terms of immediate post-operative symptoms among 
diverse LSS patients. It is well known that the adverse 
experience will significantly compromise the quality of 
patients’ lives and sometimes even require revision sur-
gery [11, 23, 24].

In the RCT, the conventional LIF surgery sequence 
will be changed in order: the intervertebral space is first 
restored and maintained without any distraction or com-
pression force after facetectomy and discectomy; then, 
differently, the installing and tightening of rods are to 
be performed prior to the insertion of the cages. By this 
modified sequence, the inserted cage would be usually 
smaller than that in the conventional one. In addition, 
the modified procedure would make it easier to insert an 
appropriately small cage and even avoid smaller cage to 
insert.

Given that the immediate postoperative symptoms are 
available soon after surgery, the study is designed short 
(approximately three months per subject) in follow-up 
time. However, it makes sure that we can follow up study 
patients well and obtain higher quality of data. As regards 
data analysis, in order to control any possible biases 
resulting from imbalanced confounders among patients, 
we will then use stratified randomization technique as is 
appropriate for this study. This had better help set up any 
statistical modeling for data analysis. A dedicated data 
management and analysis team is in place for this study.

In summary, the modified LIF surgery sequence with a 
rod-prior-to-cage order might be considered more rea-
sonable in treating patients with lumbar spinal stenosis. 
The study findings will be shared with participating hos-
pitals, and the academic community to promote the clini-
cal management of immediate post-operative symptoms 
after LIF surgery.

Trial status
The study is not yet recruiting as of the date of submission.
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JOA  Japanese Orthopaedic Association
LIF  Lumbar interbody fusion
VAS  Visual analogue scale

Acknowledgements
The authors wish to thank Yuhong Xiao (YX) and Sam Zhong (SZ) for their 
generous assistance with this study.

Authors’ contributions
Weihang Zhang and Jialin Jiang conceived and designed the study. Zijian 
Mei and Kaiqiang Sun supervised the power analyses and wrote the data 
analysis section. Bing Zheng, Yake Meng, Yushu Bai, and Zhiming He bear 
overall responsibility for the design, ethical conduct, and publication of the 
study. Administrative, technical, and material support was provided by Yongfei 
Guo and Jiangang Shi. All authors have involved in the protocol discussion, 
and they will take responsibility for study data gathering and verification. All 
authors edited the draft and contributed substantially to the manuscript; they 
all approved this submission.



Page 7 of 7Pan et al. BMC Musculoskeletal Disorders          (2023) 24:928  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Funding
This study was funded by the Innovative Clinical Research Project of Shanghai 
Changzheng Hospital (2020YLCYJ-Y07). The funding body has no role in the 
design of the study and collection, analysis, and interpretation of data and in 
writing the manuscript.

Declarations

Ethics approval and consent to participate
The study protocol was established according to the ethical guidelines of the 
Helsinki Declaration and was approved by the independent ethics commit-
tee of Shanghai Changzheng Hospital (Approval No.2021SL030). All subjects 
would provide their written informed consent before their participation in the 
study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Orthopedic Surgery, Spine Center, Changzheng Hospital, 
Naval Medical University, No. 415 Fengyang Road, Shanghai 200003, People’s 
Republic of China. 2 Departmentof Orthopedic Surgery, Spine Center, 
Changhai Hospital, Naval Medical University, No.168 Changhai Road, Shang-
hai 200438, People’s Republic of China. 3 Department of Orthopedic Surgery, 
Spine Center, Shanghai Tenth People’s Hospital, Tongji University, No. 301 
Yanchang Middle Road, Shanghai 200072, People’s Republic of China. 

Received: 5 December 2022   Accepted: 21 November 2023

References
 1. Katz JN, Zimmerman ZE, Mass H, Makhni MC. Diagnosis and manage-

ment of lumbar spinal stenosis: a review. JAMA. 2022;327(17):1688–99.
 2. Shen J, Wang Q, Wang Y, Min N, Wang L, Wang F, Zhao M, Zhang T, Xue 

Q. Comparison between fusion and non-fusion surgery for lumbar spinal 
stenosis: a meta-analysis. Adv Ther. 2021;38(3):1404–14.

 3. Jang KM, Park SW, Kim YB, Park YS, Nam TK, Lee YS. Acute contralateral 
radiculopathy after unilateral transforaminal lumbar interbody fusion. J 
Korean Neurosurg Soc. 2015;58(4):350–6.

 4. Hunt T, Shen FH, Shaffrey CI, Arlet V. Contralateral radiculopathy after 
transforaminal lumbar interbody fusion. Eur Spine J. 2007;16(Suppl 
3):311–4.

 5. Yang Y, Liu ZY, Zhang LM, Dong JW, Xie PG, Chen RQ, Yang B, Liu C, Liu B, 
Rong LM. Risk factor of contralateral radiculopathy following microendos-
copy-assisted minimally invasive transforaminal lumbar interbody fusion. 
Eur Spine J. 2018;27(8):1925–32.

 6. Lu W, Zhang J, Deng Y, Wu L, Chen Y, Hu X, et al. Analysis of risk factors 
for contralateral symptomatic foraminal stenosis after unilateral trans-
foraminal lumbar interbody fusion. Int Orthop. 2023;47(7):1815–26.

 7. Chen YL, Hu XD, Wang Y, Jiang WY, Ma WH. Contralateral radiculopathy 
after unilateral transforaminal lumbar interbody fusion: causes and 
prevention. J Int Med Res. 2021;49(8):675868893.

 8. Postigo S, Schmidt H, Rohlmann A, Putzier M, Simon A, Duda G, Checa 
S. Investigation of different cage designs and mechano-regulation algo-
rithms in the lumbar interbody fusion process - a finite element analysis. J 
Biomech. 2014;47(6):1514–9.

 9. Matsui H, Kitagawa H, Kawaguchi Y, Tsuji H. Physiologic changes of nerve 
root during posterior lumbar discectomy. Spine. 1995;20(6):654–9.

 10. Wu Y, Zhu T, Fu Z. Effects of different intervertebral space heights on 
nerve root tension during posterior lumbar interbody fusion. Orthop 
Surg. 2023;15(4):1196–202.

 11. Sun K, Sun X, Huan L, Xu X, Sun J, Duan L, Wang S, Zhang B, Zheng B, Guo 
Y, et al. A modified procedure of single-level transforaminal lumbar inter-
body fusion reduces immediate post-operative symptoms: a prospective 

case-controlled study based on two hundred and four cases. Int Orthop. 
2020;44(5):935–45.

 12. Chang W, Yuwen P, Zhu Y, Wei N, Feng C, Zhang Y, Chen W. Effectiveness 
of decompression alone versus decompression plus fusion for lumbar 
spinal stenosis: a systematic review and meta-analysis. Arch Orthop 
Trauma Surg. 2017;137(5):637–50.

 13. Xu Z, Rao H, Zhang L, Li G, Xu Z, Xu W. Anterior cervical discectomy and 
fusion versus hybrid decompression and fusion for the treatment of 
3-level cervical spondylotic myelopathy: a comparative analysis of cervi-
cal sagittal balance and outcomes. World Neurosurg. 2019;132:e752-758.

 14. Wei FL, Zhou CP, Gao QY, Du MR, Gao HR, Zhu KL, Li T, Qian JX, Yan XD. 
Decompression alone or decompression and fusion in degenerative 
lumbar spondylolisthesis. Eclinicalmedicine. 2022;51: 101559.

 15. Shi JG, Xu XM, Sun JC, Wang Y, Kong QJ, Shi GD. Theory of bowstring 
disease: diagnosis and treatment bowstring disease. Orthop Surg. 
2019;11(1):3–9.

 16. Li X, Xu J, Rudd S, Li Z, Ding W, Yang S. Spinal shortening surgery for 
lumbosacral nerve bowstring disease: a surgical technique. J Vis Exp. 
2023;192:64802.

 17. Shi JG, Xu XM, Sun JC, Wang Y, Guo YF, Yang HS, Kong QJ, Yang Y, Shi GD, 
Yuan W, et al. [Lumbosacral nerve bowstring disease]. Zhonghua Yi Xue 
Za Zhi. 2017;97(11):852–6.

 18. Kong QJ, Xu XM, Sun JC, Wang Y, Shi GD, Guo YF, Yang HS, Yang 
Y, Shi JG. [Analysis of correlation between spinal nerve high ten-
sion and disc degeneration in 100 cases]. Zhonghua Yi Xue Za Zhi. 
2017;97(43):3416–20.

 19. Ge DH, Stekas ND, Varlotta CG, Fischer CR, Petrizzo A, Protopsaltis TS, Pas-
sias PG, Errico TJ, Buckland AJ. Comparative analysis of two transforaminal 
lumbar interbody fusion techniques: open TLIF versus wiltse MIS TLIF. 
Spine. 2019;44(9):E555-560.

 20. Hirabayashi K, Miyakawa J, Satomi K, Maruyama T, Wakano K. Operative 
results and postoperative progression of ossification among patients 
with ossification of cervical posterior longitudinal ligament. Spine. 
1981;6(4):354–64.

 21. Newcombe RG. Interval estimation for the difference between 
independent proportions: comparison of eleven methods. Stat Med. 
1998;17(8):873–90.

 22. Team R. R: a language and environment for statistical computing. MSOR 
connections. 2014.

 23. Kim MC, Park JU, Kim WC, Lee HS, Chung HT, Kim MW, Chung NS. Can 
unilateral-approach minimally invasive transforaminal lumbar interbody 
fusion attain indirect contralateral decompression? A preliminary report 
of 66 MRI analysis. Eur Spine J. 2014;23(5):1144–9.

 24. Hu HT, Ren L, Sun XZ, Liu FY, Yu JH, Gu ZF. Contralateral radiculopathy 
after transforaminal lumbar interbody fusion in the treatment of lumbar 
degenerative diseases: a case series. Medicine. 2018;97(16):e469.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Effects of “fixation-fusion” sequence of lumbar surgery on surgical outcomes for patients with lumbar spinal stenosis: study protocol for a multicenter randomized controlled trial
	Abstract 
	Background 
	Methods and analysis 
	Conclusion 
	Trial registration 

	Introduction
	Methodsdesign
	Study design
	Study patients
	Recruitment and randomization process
	Description of the interventions
	Study visits
	Outcome measures
	Primary outcome
	Secondary outcomes
	Safety outcomes

	Sample size calculation
	Statistical analysis
	Ethics and dissemination
	Ethical considerations
	Relevance and dissemination

	Trial status

	Acknowledgements
	References


