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Study Design. Heterogeneous data collection through a mix of
prospective, retrospective, and ambispective methods.

Objective. To evaluate the effect of biological sex on patient-
reported outcomes after spinal fusion surgery for lumbar de-
generative disease.

Summary of Background Data. Current literature suggests sex
differences regarding clinical outcome after spine surgery may
exist. Substantial methodological heterogeneity and limited
comparability of studies warrants further investigation of sex-
related differences in treatment outcomes.

Materials and Methods. We analyzed patients who underwent

Received for publication May 23, 2024; accepted September 3, 2024.
From the *Machine Intelligence in Clinical Neuroscience and Micro-
surgical Neuroanatomy (MICN) Laboratory, Department of Neu-
rosurgery, Clinical Neuroscience Center, University Hospital Zurich,
University of Zurich, Zurich, Switzerland; bDepartment of NES-
MOS, Azienda Ospedaliera Universitaria Sant’Andrea, Sapienza
University, Rome, Italy; “Department of Neurosurgery, Bergman
Clinics Amsterdam, Amsterdam, The Netherlands; dDepartment of
Orthopedics Foundation Casa Sollievo Della Sofferenza IRCCS, San
Giovanni Rotondo (FG), Italy; ‘Department of Geriatrics and Or-
thopedics, Sacred Heart Catholic University, Rome, Italy; ‘Depart-
ment of Aging, Neurological, Orthopedic and Head-Neck Sciences,
IRCCS A. Gemelli University Polyclinic Foundation, Rome, Italy;
#Department of Neurosciences, Neurosurgery Division, “M.Bufalini”
Hospital Cesena, Italy; "Department of Neurosurgery, Spine and
Spinal Cord Institute, Severance Hospital, College of Medicine,
Yonsei University, Seoul, Korea; '‘Department of Neurosurgery, La
Piti¢ Salpétriere Hospital, Paris, France; 'Neurosurgical Spine De-
partment, University Hospital of Tours, Tours, France; “Department
of Neurosurgery, Hospital Universitario La Paz, Madrid, Spain.;
'Department of Neurosurgery, Vienna Healthcare Network/Land-
strasse Municipial Hospital, Vienna, Austria; "Department of Neu-
rosurgery, Medical University of Innsbruck, Innsbruck, Austria;
"University Spine Center, Balgrist University Hospital, University of
Zurich, Zurich, Switzerland; °Department of Teaching, Research and
Development, Spine Center Division, Schulthess Klinik, Zurich,
Switzerland; PDepartment of Spine Surgery, Schulthess Klinik, Zur-
ich, Switzerland; “Department of Neurosurgery, University Hospital
Sant’Anna, Ferrara, Italy; 'Department of Neurosurgery, HUG

924 | www.spinejournal.com

Geneva University Hospital, Geneva, Switzerland; *Department of
Neurosurgery and Spine Center of Eastern Switzerland, Cantonal
Hospital St. Gallen and Medical School of St.Gallen, St. Gallen,
Switzerland; and ‘Institute for Intensive Care Medicine, University
Hospital Zurich, Zurich, Switzerland.

The study was approved by the appropriate national and local authorities
at the initiating study site (Medical Research Ethics Committees
United, Registration Number: W18.004) and at all participating
centers.

The data that support the findings of this study are available from the
corresponding author, V.E.S, upon reasonable request.

The authors report no conflicts of interest.

Address correspondence and reprint requests to Victor E. Staartjes, MD,
PhD, Machine Intelligence in Clinical Neuroscience & Microsurgical
Neuroanatomy (MICN) Laboratory, Department of Neurosurgery,
University Hospital Zurich Clinical Neuroscience Center, University
of Zurich Frauenklinikstrasse 10, Zurich 8091, Switzerland;
E-mail: victoregon.staartjes@usz.ch

Supplemental Digital Content is available for this article. Direct URL
citations are provided in the HTML and PDF versions of this article
on the journal’s website, www.spinejournal.com.

Copyright © 2024 The Author(s). Published by Wolters Kluwer Health,
Inc. This is an open access article distributed under the terms of the
Creative Commons Attribution-Non Commercial-No Derivatives
License 4.0 (CCBY-NC-ND), where it is permissible to download and
share the work provided it is properly cited. The work cannot be
changed in any way or used commercially without permission from
the journal.

DOI: 10.1097/BRS.0000000000005183

Spine * Volume 50, Number 13, July 2025


mailto:victoregon.staartjes@usz.ch

Spine ¢ Volume 50, Number 13, July 2025

Sex Differences in Patient-Rated Outcomes e Ciobanu-Caraus et al

spinal fusion with or without pedicle screw insertion for lumbar
degenerative disease included within a multinational study,
comprising patients from 11 centers in seven countries. Absolute
values and change scores (change from preoperative baseline to
postoperative follow-up) for 12-month functional impairment
[Oswestry disability index (ODI)] and back and leg pain severity
[numeric rating scale (NRS)] were compared between male and
female patients. Minimum clinically important difference
(MCID) was defined as > 30% improvement.

Results. Six-hundred sixty (59%) of 1115 included patients were
female. Female patients presented with significantly baseline
ODI (51.5%17.2 vs. 47.8%17.9, P<0.001), back pain
(6.96%£2.32 vs. 6.60%£2.30, P=0.010) and leg pain (6.49 £2.76
vs. 6.01£2.76, P=0.005). At 12 months, female patients still
reported  significantly higher ODI (22.76+16.97 s
20.50+£16.10, P=0.025), but not higher back (3.13%£2.38 vs.
3.00£2.40, P=0.355) or leg pain (2.62%2.55 vs. 2.34+£2.43,
P=0.060). Change scores at 12 months did not differ sig-
nificantly among male and female patients in ODI (A1.31, 95%
CI: -3.88 to 1.25, P=0.315), back (A0.22, 95% CI: -0.57 to 0.12,
P=0.197), and leg pain (A0.16, 95% CI. -0.56 to 0.24,
P=0.439). MCID at 12 months was achieved in 330 (77.5%)
male patients and 481 (76.3%) female patients (P=0.729)
for ODL.

Conclusion. Both sexes experienced a similar benefit from surgery
in terms of relative improvement in scores for functional im-
pairment and pain. Although female patients reported a higher
degree of functional impairment and pain preoperatively, at
12 months only their average scores for functional impairment
remained higher than those for their male counterparts, while
absolute pain scores were similar for female and male patients.

Key Words: predictive analytics, outcome prediction, spinal fu-
sion, neurosurgery, clinical prediction model

(Spine 2025;50:924-931)

Lumbar degenerative disease (LDD) is a leading cause
of severe disability on a global scale.! Increasing evi-
dence suggests that sex-related differences may play a role
in the pathophysiology, presentation, and clinical course
of LDD.24 However, conflicting data in the literature
make it difficult to ascertain the existence of or effect size
for sex differences in postoperative outcome.

Several studies proposed that female patients expe-
rience a higher degree of functional impairment, which
may be due to anatomic-physiological differences,’ in-
creased pain perception® and a heightened inflammatory
response.”-8 Consistent with that, female sex has frequently
been identified as a predictive factor for worse post-
operative pain, higher disability, and inferior quality of
life.9-13 A recent review by MacLean et al.14 concluded
that 80% of studies found that females had worse absolute
postoperative scores measuring pain, disability or quality
of life, and about 73% of studies reported an equivalent or
greater degree of improvement between genders. Prob-
lematically, the majority of these studies were retro-

Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc.

spective single-center analyses and therefore represented
level IV evidence. According to this review, nine the-
matically relevant prospective studies have been published
so far, all of which were single-center studies apart from
one that analyzed the data of two centers in one country.
However, effect sizes might vary substantially across dif-
ferent populations, health systems, and surgical proce-
dures which renders it difficult to draw valid and
generalizable conclusions from single-center analyses
studying a single procedure.

Quantifying the effect of sex on postoperative out-
come after spinal fusion surgery could inform clinical
decision-making and optimize treatment strategies. In this
study, we therefore aimed to analyze the effect of sex on
patient-reported outcomes in patients undergoing spinal
fusion surgery for LDD in a large multinational, multi-
center cohort.

MATERIALS AND METHODS

Patient Population

A data set of a multinational study comprising pa-
tient data from 11 centers in seven countries (FUSE-
ML!5) was analyzed. Four centers (484 patients) provided
prospective data, five centers (455 patients) retrospective
data, and two centers (176 patients) mixed data. Patients
who underwent spinal fusion with or without thor-
acolumbar pedicle screw placement, for degenerative
pathologies [one or multiple of the following: spinal
stenosis, spondylolisthesis, degenerative disc disease, disc
herniation, failed back surgery syndrome (FBSS), radi-
culopathy, pseudarthrosis] were included. Exclusion cri-
teria encompassed: surgery as the primary indication for
infections, vertebral tumors, traumatic and osteoporotic
fractures or deformity surgery for scoliosis or kyphosis;
moderate or severe scoliosis (Coronal Cobb angle > 30
degrees/Schwab classification sagittal modifier + or ++);
surgery spanning more than six vertebral levels; missing
endpoint data at 12 months; lack of informed consent; age
below 18 years.

Data Collection

Data in each center were extracted retrospectively,
from a prospective registry, or collected in a prospective
registry and supplemented (S1, Supplemental Digital
Content 1, http:/links.Iww.com/BRS/C549) by retro-
spectively collected variables, with 12-month follow-up.
The following data were collected: age, biological sex,
surgical indication, index level(s), height, weight, BMI
(body mass Index), smoking status, American Society of
Anesthesiologists (ASA) Score, preoperative use of opioid
pain medication, bronchial asthma as a comorbidity, prior
thoracolumbar spine surgery, race/ethnicity, surgical ap-
proach, pedicle screw insertion and minimally invasive
technique. Patient-reported outcome measures (PROMs)
were evaluated at baseline and at 12 months follow-up and
encompassed Oswestry disability index (ODI) (scaled from
0 to 100) or core outcome measures index (COMI) for
multidimensional subjective functional impairment, mo-
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mentary numeric rating scale (NRS) for back pain se-
verity, and NRS for leg pain severity.16:17 COMI scores
were converted into ODI scores according to a previously
published function.!8 This study was approved by their
local institutional review board (IRBs) at each study site,
and data sharing statements were provided by all centers.
Depending on the regulation of the local IRB, patients
either provided written informed consent (in the case of
prospective data collection), or the need for informed
consent was waived (for retrospective data collection of
pre-existing data).

Primary Endpoint Definitions

Clinically relevant improvements in ODI or NRS
back and leg pain were dichotomized using the minimally
clinically important difference (MCID) according to the
validated threshold by Ostelo et al.l16 (improvement in
ODI and NRS pain severity by 30% from baseline to
12 mo postoperatively).

Statistical Analysis

Data were analyzed using R, version 4.2.2 (R
Foundation for Statistical Computing, Vienna, Austria).!9
Due to the low number of missingness, complete case
analysis was performed. Continuous and categorical var-
iables were reported as means (SDs) and absolute fre-
quencies (percentages), respectively. Student ¢ test and x>
test were performed to test for intergroup differences.
Change scores were defined as the degree of improvement
from baseline up to 12 months. We controlled for age,
smoking status, ethnicity, indication for surgery, mini-
mally invasive surgery, pedicle screw insertion by includ-
ing them as independent variables in multivariable logistic
regression for sex, with MCID as the dependent variable.
P-values <0.05 on two-sided tests were considered
statistically significant.

RESULTS

Patient Cohort

Overall, data from 1115 patients were provided by
11 participating centers in total. Of them, 660 (59%) pa-
tients were female. Baseline demographic and disease-
specific characteristics are displayed in Table 1. Female
patients were significantly older (61.9+12.1 s
59.2+12.8, P<0.001), were more frequently nonsmokers
(61.4% vs. 44.4%, P <0.001), of Asian ethnicity (12.1% vs.
5.7%, P=0.002) and operated for spondylolisthesis
(58.9% vs. 46.2%, P<0.001). Operative parameters
stratified by sex are shown in Table 2. Male patients un-
derwent minimally invasive surgery significantly more
often than females (31.2% vs 25.5%, respectively;
P=0.041) and less frequently had pedicle screws inserted
(95.4% vs 98%, respectively; P=0.019).

Absolute Outcome Measures

Absolute and relative patient-reported outcome
measures are shown in Table 3. Female patients presented
with significantly higher functional impairment at baseline
in terms of ODI (51.5%£17.2 vs. 47.8+17.9, P<0.001), as
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TABLE 1. Baseline Patient Characteristics Stratified by Sex

Sex, n (%)
Opverall
(n=1115), Male Female
Parameter n (%) m=455) (n=660) P
Age, mean = SD 60.80+12.45 59.2+12.8 619+12.1 <0.001
(yr)
Smoking status <0.001
Active smoker 306 (27.4) 148 (32.5) 158 (23.9)
Ceased smoking 192 (17.2) 101 (22.2) 91 (13.8)
Never smoked 607 (54.4) 202 (44.4) 405 (61.4)
No. missing 10 (0.9) 4(0.9) 6 (0.9)
Opioid analgesic 364 (32.6) 152 (33.4) 212 (32.1) 0.863
use
No. missing 102 (9.1) 37 (8.1) 65 (9.8)
Bronchial asthma 63 (5.7) 22 (4.8) 41 (6.2) 0.351
No. missing 101 (9.1) 36 (7.9) 65 (9.8)
BMI, mean* SD 26.58+4.61 258%+3.0 25137 0.228
(kg/m?)
Race/ethnicity 0.002
Caucasian 861 (77.2) 375 (82.4) 486 (73.6)
Black 30 (2.7) 14 (3.1) 16 (2.4)
Asian 106 (9.5) 26 (5.7) 80 (12.1)
Others 16 (1.4) 5(1.1) 11 (1.6)
No. missing 102 (9.1) 35(7.7) 67 (10.2)
Prior thoracolumbar 257 (23.0) 112 (24.6) 145 (22.0) 0.175
surgery
No. missing 100 (9.0) 51 (11.2) 49 (7.4)
Indication <0.001
LDH 202 (18.1) 92 (20.2) 110 (16.7)
Lumbar spinal 618 (55.4) 243 (53.4) 375 (56.8)
stenosis
Spondylolisthesis 599 (53.7) 210 (46.2) 389 (58.9)
Radiculopathy 323 (29.0) 130 (28.6) 193 (29.2)
No. missing 101 (9.1) 36 (7.9) 65 (9.8)
Discogenic 457 (41.0) 200 (44.0) 257 (38.9)
CLBP/DDD
Pseudarthrosis 56 (5.0) 28 (6.2) 28 (4.2)
No. missing 100 (9.0) 35(7.7) 65 (9.8)
FBSS 47 (4.2) 20 (4.4) 27 (4.1)
No. missing 100 (9.0) 35(7.7) 65 (9.8)
ASA class 0.367
Class I/IT 791 (70.9) 330 (72.5) 461 (69.8)
Class HI/IV 324 (29.1) 125 (27.5) 199 (30.2)
No. missing 17 (1.5) 7 (1.5) 10 (1.5)

Statistical significance (P < 0.05) values are in bold.

ASA indicates American Society of Anesthesiologists; BMI, body mass index;
CLBP, chronic low back pain; DDD, degenerative disc disease; FBSS, failed back
surgery syndrome; LDH lumbar disc herniation.

well as pain in terms of NRS back (6.96+2.32 vs.
6.60 £2.30, P=0.010) and leg pain scores (6.49 +2.76 vs.
6.01£2.76, P=0.005; Fig. 1). At 12 months follow-up,
female patients still reported significantly higher ODI
(22.76 £16.97 vs. 20.50 = 16.10, P=0.025), but not higher
NRS back (3.13%£2.38 vs. 3.00+2.40, P=0.355) or leg
pain scores (2.621+2.55 vs. 2.34+2.43, P=0.060) com-
pared with male patients.

Relative Outcome Measures
The change scores at 12 months were not sig-

nificantly different among male and female patients in
terms of ODI (A1.31, 95% CI: -3.88 to 1.25, P=0.315),

Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc.
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TABLE 2. Operative Parameters Stratified by Sex

Sex, n (%)
Opverall Male Female

Parameter m=1115), n (%) (M=455) (n=0660) P
Surgical index level 0.711

T12-L1 39 (3.5) 14 (3.1) 25(3.8)

L1-L2 24 (2.2) 8 (1.8) 10 (1.5)

L2-L3 126 (11.3) 34 (7.5) 47 (7.1)

L3-1L4 305 (27.4) 74 (16.3) 130 (19.7)

L4-L5 657 (58.9) 179 (39.3) 280 (42.4)

L5-S1 401 (36.0) 88 (19.3) 114 (17.3)

No. missing 100 (9.0) 46 (10.1) 54 (8.2)
Surgical technique 0.842

TLIF 373 (33.5) 153 (33.6) 220 (33.3)

PLIF 449 (40.3) 192 (42.2) 257 (38.9)

ALIF 7 (0.6) 4(0.9) 3(0.5)

Lateral 73 (6.5) 30 (6.6) 43 (6.5)

No. missing 213 (19.1) 76 (16.7) 137 (20.8)
Minimally invasive 310 (27.8) 142 (31.2) 168 (25.5) 0.041

surgery
Pedicle screw 1081 (97.0) 434 (95.4) 647 (98.0) 0.019

insertion

Statistical significance (P < 0.05) values are in bold.
ALIF indicates anterior lumbar interbody fusion; PLIF, posterior lumbar in-
terbody fusion; TLIF, transforaminal lumbar interbody fusion.

NRS back (A0.22, 95% CI: -0.57 to 0.12, P=0.197), and
leg pain (A0.16, 95% CI: -0.56 to 0.24, P=0.439). Ach-
ievement of MCID at 12 months did not differ sig-
nificantly between sexes for functional impairment [481
(76.3%) vs. 330 (77.5%), P=0.729], or for back pain se-
verity [500 (77.2%) vs. 336 (75.0%), P=0.451], or for leg
pain severity [475 (73.8%) vs. 332 (74.4%), P=0.855].

Multivariable Logistic Regression Analyses

Detailed results of the multivariable logistic re-
gression analyses for MCID achievement for ODI, NRS
leg, and back pain are displayed in Table 4.

Ceased smoking (OR: 1.880, 95% CI: 1.150-3.140,
P=0.013), Asian ethnicity (OR: 0.563, 95% CI:
0.360-0.921, P=0.020), and minimally invasive surgery
(OR: 1.743, 95% CI: 1.175-2.637, P=0.007) were identi-
fied as independent predictors of achievement of MCID
for ODI. Female sex was not associated with MCID
achievement measured by ODI (OR: 1.020, 95% CI:
0.734-1.414, P=0.903), NRS back pain (OR: 1.339, 95%
CI: 0.979-1.830, P=0.067), or NRS leg pain (OR: 0.852,
95% CI: 0.626-1.155, P=0.305).

DISCUSSION

Clarifying the relationship between sex and post-
operative outcome after surgical treatment of LDD could
help guide clinical decision-making process, identify pa-
tients who are risk of unfavorable postoperative outcome
and enable more individualized patient care.

Several studies report female sex to be associated
with an inferior preoperative clinical status,* postoperative
outcome in terms of more impaired quality of life,20 more
surgery-related complications,!! less chances to return to
work2! and an overall higher likelihood of reaching an

Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc.

unsatisfactory outcome.?? The reasons for this observed
discrepancy remain unclear but may be manifold:23 as
indicated by a previous study by Katz er al.?4, female
patients tend to get operated at a more advanced stage of
the disease. In an analysis of over 250,000 patients with
LDD from a US national inpatient sample, Al Jammal
et al.ll concluded that female patients had 20% reduced
odds of receiving surgery compared with male patients.
Similarly, Taylor et al.25 found that sex and ethnicity in-
fluenced the preoperative workup and surgical manage-
ment of patients with LDD. While females were more
likely to receive imaging tests, they were 52% less likely to
have surgery offered.25 This observation suggests an effect
of sex-specific bias in clinical decision-making but may
also be due to patient preference, as females have been
previously shown to be less inclined to take surgical
risks.26 As a consequence, various studies previously re-
ported female sex to be associated with an inferior clinical
status at presentation,#20.27.28 which is further supported
by the higher preoperative ODI, NRS back, and leg pain
scores of female patients in our study.

The underlying anatomic and physiological causality
between sex and pain perception have been explored in
numerous clinical and laboratory studies.3-29 However, the
results have not produced a clear and consistent pattern.3
Whereas some authors reported no sex differences with
regard to pain perception,? the majority of studies con-
cluded that healthy females and female patients with LDD
had decreased heat and pressure pain thresholds, an in-
creased radicular pain perception and were more likely to
verbalize pain compared with men.30-32 These findings are
supported by human and animal studies that showed an
association between estrogen receptor polymorphisms and
the perception of back pain in female patients with
LDD.33.34 Psychosocial factors may also contribute to
pain perception, although there is no clear evidence
showing a higher rate of depression in female patients with
radiculopathy.3> As the reason for the sex-specific differ-
ences at presentation are still not entirely understood, fu-
ture studies should aim to clarify the underlying reasons
for the worse preoperative pain and disability status of
female patients at baseline.

Analyzing 1115 patients from a multinational, mul-
ticenter data set of the FUSE-ML!5 cohort, our study
identified that female patients experienced a higher abso-
lute degree of functional impairment preoperatively and
postoperatively although they experienced a similar rela-
tive improvement in functional impairment (change
scores, MCID achievement) from surgery compared with
male patients. Similarly, preoperative pain scores ap-
peared higher for female patients, although 12-month
absolute scores as well as relative improvement was the
same for female and male patients.

Lending support to our results, Stréemquist ez al.28
reported the outcomes of 11,237 patients from a prospective
registry of the Swedish National Spine Surgical Register and
concluded that female patients experienced inferior post-
operative clinical status due to higher preoperative functional
impairment. Differences in postoperative improvement
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TABLE 3. Absolute and Relative Patient-Reported Outcome Measures Stratified by Sex

Sex
Parameter Overall (n=1115) Male (n =455) Female (n = 660) P
Absolute score
ODI
Baseline 50.20£17.54 47.8%+17.9 51.5+17.2 <0.001
12 months 21.84+16.65 20.50£16.10 22.76 £16.97 0.025
NRS back pain
Baseline 6.81£2.32 6.60£2.30 6.96+2.32 0.010
12 months 3.08£2.39 3.00+2.40 3.13+£2.38 0.355
NRS leg pain
Baseline 6.29+2.32 6.01+£2.76 6.49+2.76 0.005
12 months 2.51£2.50 2.34+2.43 2.62+2.55 0.060
Change score
ODI -28.12+£20.83 -27.34+20.92 -28.65%20.77 0.315
NRS back pain -3.72+2.81 -3.59+2.88 -3.82+2.76 0.197
NRS leg pain -3.78£3.29 -3.69 £ 3.46 -3.85%+3.16 0.439
MCID
ODI 811 (76.8) 330 (77.5) 481(76.3) 0.729
No. missing 60 (5.4) 29 (6.4) 31 4.7
NRS back pain 836 (76.3) 336 (75.0) 500 (77.2) 0.451
No. missing 19 (1.7) 7 (1.5) 12 (1.8)
NRS leg pain 807 (74.0) 332 (74.4) 475 (73.8) 0.855
No. missing 25(2.2) 9 (2.0) 16 (2.4)

Statistical significance (P < 0.05) values are in bold.
Values are provided as absolute numbers (%) and mean + SD.

MCID indicates minimally clinical important difference; NRS, numeric rating scale; ODI, Oswestry disability index.

between the sexes has been inconsistently reported among
various studies.10.27.28 Some authors noted a similar or
greater improvement in female patients compared with
men.1224.27.36 Tn our study, the multivariable analysis dem-
onstrated that female sex did not significantly predict the
achievement of MCID in terms of ODI, NRS back pain, and
NRS leg pain. Siccoli et al.10 analyzed 3279 patients from a
single-center prospective registry and reported similar results:
female patients reported worse symptoms preoperatively and

OoDI
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NRS back pain

postoperatively but experienced the same degree of im-
provement/benefit as male patients. Triebel er al.3¢ inves-
tigated the two-year follow-up of 4780 patients using a
multivariable analysis and reported that females had worse
preoperative functional status but improved more and had
similar postoperative outcomes compared with men. In a
retrospective analysis of the preoperative and 12 months
postoperative COMI scores of 1518 patients undergoing
discectomy for different spinal pathologies, Pochon et al.23

NRS leg pain
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Figure 1. Graphic representation of ODI, NRS back pain, and NRS leg pain. Error bars represent 95% Cl. NRS indicates numeric

rating scale; ODI, Oswestry disability index.
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TABLE 4. Multivariable Logistic Regression Models With MCID Achievement for Pain Measured by ODI, NRS Back Pain, and NRS
Leg Pain as Dependent Variables

ODI MCID NRS back pain MCID NRS leg pain MCID

Variable OR (95% CI) P OR (95% CI) P OR (95% CI) P
Sex

Male 1 1 1

Female 1.020 (0.734-1.414) 0.903 1.339 (0.979-1.830) 0.067 0.852 (0.626-1.155) 0.305
Age 0.995 (0.982-1.008) 0.453 0.996 (0.983-1.009) 0.525 0.985 (0.973-0.998) 0.022
Smoking status

Active smoker 1 1 1

Ceased smoking 1.880 (1.150-3.140) 0.013 1.524 (0.937-2.520) 0.094 1.344 (0.872-2.087) 0.184

Never smoked 1.345 (0.924-1.954) 0.106 0.856 (0.592-1.228) 0.402 1.362 (0.956-1.937) 0.086
Ethnicity

Caucasian 1 1 1

Black 1.001 (0.417-2.787) 0.998 1.764 (0.662-6.115) 0.305 3.906 (1.140-24.51) 0.067

Asian 0.573 (0.360-0.921) 0.020 0.935 (0.580-1.543) 0.788 1.501 (0.878-2.690) 0.153

Others 0.570 (0.199-1.866) 0.315 0.375 (0.135-1.080) 0.059 0.174 (0.058-0.483) 0.001
Minimally invasive surgery

no 1 1 1

yes 1.743 (1.175-2.637) 0.007 1.331 (0.936-1.912) 0.116 0.643 (0.466-0.889) 0.007
Pedicle screw insertion

no 1 1 1

yes 0.245 (0.039-0.832) 0.057 0.461 (0.134-1.212) 0.157 2.078 (0.992-4.293) 0.049

Statistical significance (P < 0.05) values are in bold.

CLBP indicates chronic low back pain; DDD, degenerative disc disease; FBSS, failed back surgery syndrome; LDH, lumbar disc herniation; NRS, numeric rating scale;

ODI, Oswestry disability index; OR, odds ratio.

noted that woman experienced the same degree of im-
provement postoperatively and that gender did not influence
the probability of reaching a favorable outcome in the
multivariable analysis.

One interesting point that is inconsistently corrobo-
rated by the literature24 is the differential sex influence on
different dimensions of outcome, particularly for sub-
jective outcome measures. For example, in our study, we
found that female patients demonstrated higher pre-
operative scores for both subjective functional impairment
and for pain, but postoperatively, only impairment was
still significantly higher than in their male counterparts,
whereas pain scores were similar between the sexes. It
appears that different dimensions of outcome assessment
are differentially influenced by sex.24 In the end, physio-
logical differences among sexes are still poorly understood
and diverging disease susceptibility, response to in-
flammation and analgesia, as well as hormonal and psy-
chological factors may be responsible.3:30.37 In addition,
the differential effect of sex differences on various out-
come measures can be partially explained by the psycho-
metric properties of questionnaires.!0-30 It is conceivable
that objective outcome measures, such as the five-repeti-
tion sit-to-stand test, may be less prone to such
confounders.27-38 For the timed-up-and-go test, it has been
shown that it may be an appropriate test to overcome sex
bias as there were no differences regarding the presence
and degree of ODI measured using age-adjusted and sex-
adjusted cutoff values.4

In summary, it is important to recognize that our
study along with the vast majority of previously published
evidence suggests that female patients benefit from spinal
fusion in degenerative disease to the same extent as male

Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc.

patients. In this sense, female sex should not simply be
regarded as a predictor for worse outcomes after spine
surgery since female patients tend to report higher abso-
lute functional impairment and pain scores for various
reasons as outlined above. Rather, our results allow for a
more nuanced conclusion: while absolute scores are an
adequate measure to quantify the magnitude and severity
of functional disability and pain, they may be biased by
various influences including sex. Therefore, the use of
relative measures of improvement such as 12-month
change scores or MCID, adjusted for baseline character-
istics, may be preferred when analyzing treatment effects.

Strengths and Limitations

Our study evaluated a large multinational cohort of
patients, although some centers collected at least part of
the data retrospectively. While the majority of studies in
the current literature were restricted to the population of
one country, our study evaluated a broader population of
a total of 11 international centers and encompassed a
variety of indications for spinal fusion surgery. Thus, the
data in this study may be more generalizable. On the other
side, this aspect also contributed to the heterogeneity of
the data in our study, which may complicate drawing
conclusions of subpopulations or separate indications
based on the results provided herein. Moreover, the fol-
low-up duration in the present study was only 12 months.
However, it has been previously suggested that 12-month
PROMs allow for appropriate evaluation of clinical out-
come after spinal fusion.3940 Qur study was limited in the
number of included variables and did not report any data
on relevant comorbidities, psychosocial aspects, reopera-
tion, complication rates, return to work, preoperative
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nonopioid analgesia use, preoperative duration of symp-
toms, use of steroid injections, use of allied health care
providers or other nonsurgeon physician resources (e.g.
pain specialists), the impact of mental health status, or
operative parameters that related to surgical invasiveness
(e.g. estimated blood loss), which may have been potential
confounders. Furthermore, we did not account for study
design. Several articles demonstrated that considering
both sex and gender are crucial to be able to disentangle
biological from social determinants of health.41:42 To date,
few studies reported treatment outcomes after spinal fu-
sion specifically stratified by gender.2-2343-45 While sex
and gender are two different notions, we did not collect
any gender-related variables and investigated only the ef-
fect of sex on patient-reported outcomes, which does not
allow to draw conclusions about the effect of gender and is
a significant limitation of the present study. Future studies
should be designed to incorporate such gender-related
factors in their data collection.

CONCLUSION

Female patients experienced a similar benefit from
surgery in terms of the relative improvement in scores for
functional impairment and pain compared with male
patients. Although female patients on average reported a
higher degree of functional impairment and pain pre-
operatively, at 12 months only their mean scores for
functional impairment remained higher than those of
their male counterparts, while absolute pain scores were
similar for female and male patients. While absolute
scores remain an important measure to quantify the
magnitude and severity of functional impairment and
pain, our study indicates that relative measures (such as
change scores or MCID) should be preferably used to
account for baseline symptom severity when evaluating
treatment effects.

> Key Points

O Female patients reported higher functional
impairment and pain preoperatively.

O Both sexes experienced similar relative im-
provement in scores for functional impairment
and pain.

U At 12 months, only mean scores of female
patients for functional impairment remained
higher than those for their male counterparts,
absolute pain scores were similar for female/
male patients.
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