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ABSTRACT

Background: Degenerative spine disease is a common cause of chronic pain and
disability, often requiring surgical intervention when conservative measures fail.
Minimally invasive spine surgery (MISS) has gained prominence as an alternative to
open procedures, with the aim of reducing morbidity while achieving similar or
superior outcomes. Objective: The purpose of this study was to evaluate the clinical
and functional outcomes of MISS in patients with degenerative spinal disorders
treated at a tertiary care hospital. Methods: A prospective observational study was
conducted on 67 patients who underwent MISS between February 2024 and
February 2025. Clinical data, operative parameters, complications, and follow-up
outcomes were recorded. Pain and disability were measured using the Visual Analog
Scale (VAS) and Oswestry Disability Index (ODI), respectively. Statistical analysis was
performed to compare pre- and postoperative scores, with p < 0.05 considered
significant. Results: The mean age of the patients was 52.8 years, with a male-to-
female ratio of 1.4:1. Lumbar disc herniation (43.3%) was the most common
pathology, followed by spinal stenosis (37.3%) and spondylolisthesis (19.4%). The
mean operative time was 112 minutes, and mean blood loss was 126 ml. Conversion
to open surgery occurred in 3% of cases. Pain scores improved significantly from 7.2
to 2.1 (p < 0.001), and ODI decreased from 58.4% to 18.7% (p < 0.001) at six months.
Neurological recovery was observed in 85.7% of patients with baseline deficits.
Complication rates were low, with infections in 4.5% and reoperations in 3%.
Conclusion: MISS is a safe and effective surgical option for degenerative spine
disease, offering significant improvements in pain, disability, and neurological
recovery, with low complication rates. The results support its role as a reliable
alternative to open procedures in tertiary care practice.

INTRODUCTION

have reported encouraging outcomes with MISS, showing

Degenerative spinal disease is a leading cause of low back
pain, radiculopathy, and disability worldwide, with a rising
incidence due to aging populations and lifestyle changes.
Although many patients improve with conservative
measures such as physiotherapy, analgesics, and lifestyle
modification, a significant proportion ultimately require
surgical intervention to relieve neural compression and
stabilize the spine. Traditionally, open spinal surgery has
been the standard of care; however, it is often associated
with extensive muscle dissection, greater intraoperative
blood loss, longer hospital stay, and higher complication
rates (1-3),

Minimally invasive spine surgery (MISS) has emerged
as an important advancement, aiming to minimize tissue
disruption while providing adequate decompression and
stabilization. The technique employs tubular retractors,
endoscopes, and microscopes, which allow smaller
incisions, reduced perioperative morbidity, and faster
recovery (+-6). Over the past two decades, several studies

IJBR Vol.3 Issue.6 2025

comparable or superior results to conventional open
procedures. These advantages are particularly relevant in
the context of tertiary care centers, where a wide spectrum
of degenerative pathologies and patient comorbidities are
encountered (79,

The present study was undertaken to assess the
outcomes of minimally invasive techniques in the surgical
management of degenerative spine disease. By analyzing
clinical, surgical, and postoperative parameters in 67
patients, this study seeks to contribute evidence regarding
the efficacy, safety, and functional recovery associated
with MISS in a tertiary care setting.

METHODOLOGY

This prospective observational study was conducted in the
Department of Spine Surgery, Bahria International
Hospital, Rawalpindi, over a period of one year, from
February 2024 and February 2025. A total of 67 patients
diagnosed with degenerative spine disease and requiring
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surgical intervention were included. All patients provided
written informed consent prior to participation, and the
study protocol was approved by the institutional ethics
committee.

Patients aged between 18 and 70 years who presented
with clinical and radiological evidence of degenerative
spinal disease were eligible for the study. The indications
included lumbar disc herniation, lumbar canal stenosis,
and degenerative spondylolisthesis. Only those patients
who had failed a minimum of six weeks of conservative
management (analgesics, physiotherapy, lifestyle
modification) were considered for surgical treatment.

Patients with traumatic spinal injuries, spinal
infections (such as tuberculosis or pyogenic
spondylodiscitis), spinal tumors, congenital spinal
anomalies, or previous extensive open spinal surgery were
excluded. Individuals with severe medical comorbidities
rendering them unfit for anesthesia were also not included
in the study.

A detailed clinical history was obtained, including
demographic data, duration of symptoms, occupation,
comorbid illnesses, and prior treatment received.
Neurological examination was performed to document
motor power, sensory changes, and sphincter
disturbances. Radiological evaluation consisted of plain
radiographs, magnetic resonance imaging (MRI), and
computed tomography (CT) where necessary, to
determine the level and type of pathology. Pain severity
was recorded using the Visual Analog Scale (VAS), while
disability was quantified using the Oswestry Disability
Index (ODI).

All procedures were performed using minimally
invasive spine surgery (MISS) approaches under general
anesthesia. Depending on the pathology, patients

underwent one of the following procedures:
microdiscectomy, minimally invasive
decompression/laminotomy, or minimally invasive

transforaminal lumbar interbody fusion (TLIF). Surgeries
were performed using tubular retractors and operating
microscope/endoscope as required. Standard aseptic
precautions were maintained, and intraoperative
parameters such as blood loss, operative time, and
complications were recorded.

Patients were mobilized on the first postoperative day
wherever possible. Postoperative analgesia was given
according to hospital protocol. The duration of hospital
stay and any perioperative complications were
documented. Functional outcomes were assessed at
discharge, 6 weeks, 3 months, and 6 months
postoperatively. At each follow-up visit, pain (VAS) and
functional disability (ODI) were reassessed, and
neurological recovery was documented. For patients who
underwent fusion procedures, radiological evaluation was
performed to confirm implant position and fusion status.

All collected data were compiled and analyzed using
SPSS/Statistical software. Continuous variables were
expressed as mean * standard deviation, while categorical
variables were expressed as frequencies and percentages.
Pre- and postoperative VAS and ODI scores were
compared using the paired t-test. Associations between
categorical variables were assessed using the chi-square

test or Fisher’s exact test, as appropriate. A p-value of less
than 0.05 was considered statistically significant.

RESULTS

A total of 67 patients were included in the study, with a
mean age of 52.8 £ 10.6 years. Males comprised 58.2%
(n=39) of the cohort, while females made up 41.8%
(n=28), with no statistically significant gender-related
differences in outcomes (p = 0.32). The mean body mass
index (BMI) was 26.4 = 3.8 kg/m? Half of the patients
(50.7%) had sedentary occupations, while 31.3% were
engaged in manual labor. Common comorbidities included
hypertension (32.8%), diabetes mellitus (26.9%), and
smoking history (16.4%). None of these baseline factors
significantly influenced the surgical outcomes (p > 0.05).

Table 1
Demographic Characteristics of Patients (n = 67)

. 0 p-
Variable Number (%) / Mean + SD value*
Age (years) 52.8+10.6 -
Gender o B
(Male/Female) 39 (58.2%) / 28 (41.8%) 0.32
BMI (kg/m?) 264+38 0.41

. Sedentary: 34 (50.7%) Manual labor:
O e 21 (31.3%) Others: 12 (17.9%) 0.27
1 . 0, i .
Comorbidities Diabetes: 18 (26.9%) Hypertension: 036

22 (32.8%)Smokers: 11 (16.4%)

*p-values shown for subgroup comparisons (e.g., male vs
female outcomes).

The most common indication for minimally invasive spine
surgery was lumbar disc herniation (43.3%), followed by
spinal stenosis (37.3%) and degenerative
spondylolisthesis (19.4%). The L4-L5 level (56.7%) was
the most frequently involved, followed by L5-51 (31.3%).
The mean duration of symptoms prior to surgery was 11.4
* 6.8 months. Neurological deficits were present in 31.3%
(n=21) of patients at baseline. None of the disease-related
parameters demonstrated significant correlation with
postoperative outcome measures (p > 0.05).

Table 2
Disease Characteristics
Variable Number (%) p-value
Lumbar disc herniation: 29
0,
Diagnosis (43.3%) 0.18

Spinal stenosis: 25 (37.3%)
Spondylolisthesis: 13 (19.4%)

L4-L5: 38 (56.7%) L5 - S1: 21

(31.3%) 0.22
Other: 8 (11.9%)

Level involved

Duration of

symptoms 114 +6.8 0.44
(months)

Neurological 21 (31.3%) 012

deficit present

Among the procedures performed, microdiscectomy
(44.8%) was the most frequent, followed by MISS
decompression (32.8%) and fusion procedures (22.4%).
The mean operative time was 112 * 24 minutes, and mean
intraoperative blood loss was 126 + 48 ml, both reflecting
the minimally invasive nature of the procedures.
Conversion to open surgery occurred in 2 patients (3.0%),
and intraoperative complications were noted in 6.0%,
primarily minor dural tears. No statistically significant
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differences were observed between the procedure
subgroups (p > 0.05).

Table 3
Surgical Parameters
. 0 p-
Variable Mean + SD / n (%) value
Microdiscectomy: 30 (44.8%)
MISS decompression: 22
Type of procedure (32.8%) 0.21
MISS fusion: 15 (22.4%)
Operative time (min) 112 + 24 0.33
Blood loss (ml) 126 +48 0.29
Conversion to open 2 (3.0%) -
Intraoperative 4 (6.0%) 018

complications

Patients demonstrated a significant reduction in pain
postoperatively, with the mean VAS score improving from
7.2 = 1.1 to 2.1 = 0.9 at 6 months (p < 0.001). Similarly,
disability measured by the Oswestry Disability Index (ODI)
improved markedly from 58.4 + 8.6% preoperatively to
18.7 + 6.2% postoperatively (p < 0.001). Of the 21 patients
with neurological deficits at baseline, 18 (85.7%) showed
improvement, while 3 remained unchanged (p = 0.002).
The mean hospital stay was 3.2 + 1.1 days, and the mean
return-to-work time was 6.8 + 2.2 weeks.

Table 4
Postoperative and Functional Outcomes

. . Postoperative p-
Outcome Variable Preoperative (6 months) value
;’OA)S pain score (0- 72+1.1 2109 <0.001
Oswestry Disability
Index (%) 58.4 £ 8.6 18.7 £ 6.2 <0.001

. Improved: 18

Neurological o
recovery (n=21 - (3}51;171122_]\]30 0.002
deficits) (14.3%]
Hospital stay (days) 32+1.1 - -
Return to work _ 6.8+ 2.2 _

(weeks)

Overall, the complication rates were low. Infection
occurred in 3 patients (4.5%), while dural tears were
observed in 2 patients (3.0%). Reoperation was required
in 2 cases (3.0%), and recurrence of symptoms was
documented in 6.0% (n=4) at one year of follow-up. The
mean follow-up period was 14.3 + 4.6 months, during
which no major implant-related issues or adjacent
segment disease were observed. None of these
complication rates were statistically significant when
stratified by procedure type (p > 0.05).

Table 5

Complications and Follow-up
Variable Number (%) p-value
Postoperative infection 3 (4.5%) 0.41
Dural tear 2 (3.0%) 0.36
Reoperation rate 2 (3.0%) 0.29
Recurrence at 1 year 4 (6.0%) 0.18
Follow-up duration (months) 143 +4.6 -

Figure 1
Bar graph comparing the preoperative and postoperative

functional outcomes. It clearly shows the marked reduction

in both VAS pain scores and ODI disability scores after
minimally invasive spine surgery.
Functional Outcomes Before and After Minimally Invasive Spine Surgery

60 Preoperative
Postoperative

50
40

30

Mean Scores

20

10

VAS Pain Score ODI (%)

DISCUSSION

This study, involving 67 patients undergoing minimally
invasive spine surgery (MISS) for degenerative spinal
disorders between February 2024 and February 2025,
demonstrates favorable clinical outcomes with low
complication rates. The significant reduction in pain
scores (VAS) and disability (ODI) at 6 months
postoperatively mirrors results reported in other series of
minimally invasive spine surgery.

In prior reviews and clinical series, MISS approaches
have been associated with decreased soft tissue
disruption, less blood loss, smaller incisions, and faster
recovery compared with traditional open surgery. Studies
highlighted that MISS techniques preserve important
anatomical structures, resulting in fewer complications
and faster rehabilitation (10.11). Similarly studies reported
that MISS is linked with improved patient-reported
outcomes and lower complication rates compared to open
techniques (12.13), The results of the present study reinforce
those advantages, given the marked improvements and
modest perioperative morbidity.

Regarding fusion and more complex MISS procedures,
a recent comparative review indicated that long-term
clinical outcomes such as pain relief, functional recovery,
and fusion rates are broadly comparable between MISS
fusion and open fusion techniques, though MISS often
confers perioperative benefits like reduced hospital stay
and lower blood loss (14-16). [n the present cohort, fusion-
type procedures performed via MISS similarly
demonstrated good radiological and clinical results,
though subgroup analyses did not show statistically
significant differences in outcomes by procedure type.

The low rates of complications and reoperations in
this study are consistent with contemporary literature. A
narrative review spanning a decade of MISS complications
identified dural tears, nerve root injury, and recurrences
as among the most common issues, though overall
complication rates remain modest in experienced hands
(17-20), In this study, infections occurred in 4.5%, dural tears
in 3%, and reoperations in 3%, which fall within or below
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ranges reported in many series. Notably, recurrence at one
year was seen in 6%, which is also in line with published
data.

Neurological recovery in patients with baseline
deficits was robust: 85.7% showed improvement. This is
an important finding, confirming that MISS is capable not
only of symptom relief but also of neurological restoration
in appropriately selected patients. The relatively short
hospital stay (mean 3.2 days) and return-to-work interval
(mean 6.8 weeks) reflect the minimally invasive
approach’s expedited recovery trajectory.

Some limitations of this study merit consideration.
The follow-up period (mean 14.3 months) is moderate;
longer-term follow-up would be required to assess
outcomes such as adjacent-segment disease, late implant
failure, or durability of fusion. The sample size, while
adequate for demonstrating significant functional
improvements, may lack power to discern small
differences in complication rates between subgroups. In
addition, the study was conducted at a single tertiary care
center, which may limit generalizability; surgeon
experience and institutional resources influence MISS

REFERENCES

1. Yolcy Y. U, Helal, A,  Alexander, A.Y,, Bhatti, A. U.,
Alvi, M. A, Abode-lyamah, K., & Bydon, M. (2021). Minimally
invasive versus open surgery for degenerative spine
disorders for elderly patients: Experiences from a single
institution. World Neurosurgery, 146, e1262-e1269.
https://doi.org/10.1016/j.wneu.2020.11.145

2. Sharma, A, Shakya, A, Singh, V., Deepak, P, Mangale, N,,
Jaiswal, A., & Marathe, N. (2022). Incidence of dural tears in
open versus minimally invasive spine surgery: A single-
center prospective study. Asian Spine Journal, 16(4), 463-
470.
https://doi.org/10.31616/asj.2021.0140

3. Carroll, A. H., Dowlati, E., Molina, E., Zhao, D., Altshuler, M.,
Mueller, K. B, Sandhu, F. A, & Voyadzis,]. (2021). Does
minimally invasive spine surgery improve outcomes in the
obese population? A retrospective review of 1442
degenerative  lumbar  spine  surgeries. Journal  of
Neurosurgery: Spine, 35(4), 460-470.
https://doi.org/10.3171/2021.1.spine201785

4. Wang, M.Y, Park P, Tran,S, Anand,N, Nunley, P,
Kanter, A.,, Fessler, R., Uribe,].,, Eastlack, R.,, Shaffrey, C. I,
Bess, S, Mundis, G. M., Brusko, G.D., & Mummaneni, P. V.
(2020). Intermediate-term clinical and radiographic
outcomes with less invasive adult spinal deformity surgery:
Patients with a minimum follow-up of 4 years.Acta
Neurochirurgica, 162(6), 1393-1400.
https://doi.org/10.1007/s00701-020-04320-x

5. Heemskerk,]., Akinduro, 0. Clifton, W, Hinojosa, A, &
Abode-lyamah, K. (2019). Long-term clinical outcome of
minimally invasive versus open single-level transforaminal
lumbar interbody fusion for degenerative lumbar diseases
with a minimum follow-up of 2 years: A meta-analysis
protocol. Journal of Neuroscience and Neurological
Disorders, 3(2), 091-095.
https://doi.org/10.29328/journal.jnnd.1001021

6. Singh, P, Amitkumar, M., Singh, K, Khumukcham, T,
Sawarkar, D., Chandra,S., & Kale,S. (2020). Surgical
outcome in spinal operation in patients aged 70 years and
above. Neurology India, 68(1), 45.
https://doi.org/10.4103/0028-3886.279672

outcomes. Finally, imaging modalities to confirm fusion
status were not fully standardized across all patients,
which could introduce some variability in interpretation.
Nevertheless, the findings align well with the existing
body of evidence and support the role of MISS as an
effective and safer alternative in the management of
degenerative spine disease when patient selection,
surgical technique, and postoperative care are optimized.

CONCLUSION

This study demonstrates that minimally invasive spine
surgery yields significant improvements in pain relief and
disability, with a high rate of neurological recovery in
patients with baseline deficits, while maintaining a low
incidence of complications and reoperations. These
findings support the continued adoption of MISS
techniques in the treatment of degenerative spinal
conditions in tertiary care settings. Future work should
include longer-term follow-up and multi-center trials to
validate durability, fusion success, and comparative
outcomes across surgical methods.

7. Pokorny, G, Amaral,R, Marcelino, F, Moriguchi, R,
Barreira, I, Yozo,M., & Pimenta, L. (2022). Minimally
invasive versus open surgery for degenerative lumbar
pathologies:a systematic review and meta-
analysis. European Spine Journal, 31(10), 2502-2526.
https://doi.org/10.1007 /s00586-022-07327-3

8. Ramanathan, S, Rapp, A, Perez-Cruet, M., & Fahim, D. K.
(2023). Long-term Reoperation rates after open versus
minimally invasive spine surgery for degenerative lumbar
disease: Five year follow-up of 2130 patients. World
Neurosurgery, 171, e126-e136.
https://doi.org/10.1016 /j.wneu.2022.11.100

9. Ao,S., Zheng, W,, Wuy, ],, Tang, Y., Zhang, C., Zhou, Y., & Lj, C.
(2020). Comparison of preliminary clinical outcomes
between percutaneous endoscopic and minimally invasive
transforaminal lumbar interbody fusion for lumbar
degenerative diseases in a tertiary hospital: Is percutaneous
endoscopic procedure superior to MIS-TLIF? A prospective
cohort study. International Journal of Surgery, 76, 136-143.
https://doi.org/10.1016/j.ijsu.2020.02.043

10. Sinha,]., Kankane, V.K., Shukla, A, & Sharma, A. (2023).
Clinical and functional outcomes of open versus minimally
invasive surgeries in single-level prolapsed intervertebral
disc in lumbar region at tertiary care center: A prospective
study. Asian Journal of Medical Sciences, 14(9), 265-269.
https://doi.org/10.3126/ajms.v14i9.53661

11. Khan, M. I, Munir, A., Aziz, S., Ali, H., Shah, S. M., & Nasir, F.
(2023). Short term clinical outcomes in spine surgeries. A
descriptive cross sectional study in a tertiary care
hospital. Pakistan  Journal of Medical and Health
Sciences, 17(5), 613-616.
https://doi.org/10.53350/pjmhs2023175613

12. Chan,A.K, Bisson, E.F, Bydon,M, Glassman,S.D.,,
Foley, K. T.,  Shaffrey, C.1, Potts, E. A, Shaffrey, M. E,,
Coric, D., Knightly,].J, Park,P, Wang M.Y, FuK,
Slotkin, J. R,  Asher, A. L, Virk,M.S,, Kerezoudis, P.,

Alvi, M. A, Guan, ]., ... Mummaneni, P. V. (2020). Predictors
of the best outcomes following minimally invasive surgery
for grade 1 degenerative lumbar
spondylolisthesis. Neurosurgery, 87(6), 1130-1138.
https://doi.org/10.1093 /neuros/nyaa206

Page | 1138

Copyright © 2025. IJBR Published by Indus Publishers

IJBR Vol.3 Issue.6 2025 @@@ ©
CEEMEN This work is licensed under a Creative Commons Attribution 4.0 International License.



https://doi.org/10.1016/j.wneu.2020.11.145
https://doi.org/10.31616/asj.2021.0140
https://doi.org/10.3171/2021.1.spine201785
https://doi.org/10.1007/s00701-020-04320-x
https://doi.org/10.29328/journal.jnnd.1001021
https://doi.org/10.4103/0028-3886.279672
https://doi.org/10.1007/s00586-022-07327-3
https://doi.org/10.1016/j.wneu.2022.11.100
https://doi.org/10.1016/j.ijsu.2020.02.043
https://doi.org/10.3126/ajms.v14i9.53661
https://doi.org/10.53350/pjmhs2023175613
https://doi.org/10.1093/neuros/nyaa206

Jatoi, A. A. et al.,

13.

14.

15.

16.

17.

IJBR Vol.3 Issue. 6 2025

Outcome of Minimally Invasive Spine Surgery for Degenerative Spine Disease...

Kim, H, Wu, P, Raorane, H.,, & Jang, I. (2020). Generation
change of practice in spinal surgery: Can endoscopic spine
surgery expand its indications to fill in the role of
conventional open spine surgery in most of degenerative
spinal diseases and disc Herniations: A study of 616 spinal
cases 3 years. Neurology India, 68(5), 1157.
https://doi.org/10.4103/0028-3886.299145

Klimov, V., Evsyukov, A, Amelina, E., Ryabykh,S, &
Simonovich, A. (2022). Predictors of complications and
unfavorable outcomes of minimally invasive surgery
treatment in elderly patients with degenerative lumbar
spine pathologies (Case series). Frontiers in Surgery, 9.
https://doi.org/10.3389 /fsurg.2022.869345

Bovonratwet, P, Samuel, A. M., Mok, ]. K., Vaishnav, A.S.,
Morse, K. W,, Song, ], Steinhaus, M. E., Jordan, Y.].,
Gang, C.H., & Qureshi,S.A. (2022). Minimally invasive
lumbar decompression versus minimally invasive
Transforaminal lumbar Interbody fusion for treatment of
low-grade lumbar degenerative
spondylolisthesis. Spine, 47(21), 1505-1514.
https://doi.org/10.1097 /brs.0000000000004432

Lak, A. M., Abunimer, A. M., Rahimi, A,, Tafel, I., Chi, J., Lu, Y.,
Groff, M., & Zaidi, H. A. (2020). Outcomes of minimally
invasive versus open surgery for intermediate to high-grade
spondylolisthesis. Spine, 45(20), 1451-1458.
https://doi.org/10.1097 /brs.0000000000003573

Mai, D., Brand, C., Haschtmann, D., Pirvu, T., Fekete, T.F., &
Mannion, A. F. (2019). Non-medical factors significantly
influence the length of hospital stay after surgery for

Cloe

BY NC SA

18.

19.

20.

degenerative spine disorders. European
Journal, 29(2), 203-212.

https://doi.org/10.1007 /s00586-019-06209-5
Silva, P.S., Jardim, A, Pereira, ], Sousa, R, VazR., &
Pereira, P. (2023). Minimally invasive fusion surgery for
patients with degenerative spondylolisthesis and severe
lumbar spinal stenosis: A comparative study between
MIDLIF and TLIF. European Spine Journal, 32(9), 3210-
3217.

https://doi.org/10.1007/s00586-023-07847-6

Weir, T. B., Sardesai, N., Jauregui, J. J., Jazini, E.,
Sokolow, M. ]., Usmani, M. F.,, Camacho, ]. E.,, Banagan, K. E,,
Koh,E.Y., Kurtom,K.H. Davis,R.F, Gelb,D.E, &
Ludwig, S. C. (2019). Effect of surgical setting on hospital-
reported outcomes for elective lumbar spinal procedures:
Tertiary versus community hospitals. Global Spine
Journal, 10(4), 375-383.
https://doi.org/10.1177/2192568219848666

Chou, D., Lafage,V., Chan, A.Y. Passias, P., Mundis, G. M.,,
Eastlack, R. K, Fu, K,, Fessler, R. G., Gupta, M. C,, Than, K. D,,
Anand, N., Uribe, ]. S., Kanter, A. S., Okonkwo, D. O., Bess, S.,
Shaffrey, C. I, Kim, H.]., Smith,].S., Sciubba,D. M., ... _ _.
(2022). Patient outcomes after circumferential minimally
invasive surgery compared with those of open correction for
adult spinal deformity: Initial analysis of prospectively
collected data. Journal of Neurosurgery: Spine, 36(2), 203-
214.

https://doi.org/10.3171/2021.3.spine201825

Spine

Page | 1139

Copyright © 2025. IJBR Published by Indus Publishers
This work is licensed under a Creative Commons Attribution 4.0 International License.


https://doi.org/10.4103/0028-3886.299145
https://doi.org/10.3389/fsurg.2022.869345
https://doi.org/10.1097/brs.0000000000004432
https://doi.org/10.1097/brs.0000000000003573
https://doi.org/10.1007/s00586-019-06209-5
https://doi.org/10.1007/s00586-023-07847-6
https://doi.org/10.1177/2192568219848666
https://doi.org/10.3171/2021.3.spine201825

