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ABSTRACT

Background: Women undergoing lumbar spine surgery report greater preoperative pain and disability and have
less improvement after surgery. There is a paucity of literature on sex-related differences after minimally invasive

surgery transforaminal lumbar interbody fusion (MIS TLIF) surgery. We aim to determine whether sex influences
outcome after MIS TLIF at 5-year midterm follow-up.

Methods: Prospectively collected registry data for 907 patients who underwent MIS TLIF at a single institution

from 2004 to 2013 were reviewed. Of these, 296 patients (94 males and 202 females) were reviewed at 5-year follow-up.
All patients were assessed preoperatively and postoperatively at 2 and 5 years. Data recorded included patient
demographics, Oswestry Disability Index (ODI), Short-Form 36 Physical and Mental component scores (SF-36 PCS
and MCS), and the North American Spine Society lumbar spine outcome assessment instrument.

Results: Females who underwent MIS TLIF were generally younger (females, 52.2 years; males, 56.1 years; P ¼
.04). Females had significantly poorer preoperative ODI (females, 49.5; males, 41.5; P , .001) and SF-36 PCS (females,
31.9; males, 35.6; P , .01) and MCS (females, 44.9; males, 49.2; P , .01) scores. At 2-year and 5-year follow-up, there

were no significant differences in ODI, SF-36, and pain scores between sexes. Both groups reported similar proportions
that returned to work and returned to function. There were no differences in proportion of patients who were satisfied
or had their expectations fulfilled.

Conclusions: Women who undergo MIS TLIF have poorer preoperative function and quality of life than men.
However, women demonstrated greater improvement after surgery, attaining similar clinical outcomes at 5-year follow-
up.

Level of Evidence: 3.

Minimally Invasive Surgery

Keywords: minimally invasive surgery, gender, transforaminal lumbar interbody fusion, spinal stenosis, patient reported
outcome measure

INTRODUCTION

Lumbar fusion surgery is a common surgical

procedure used to address patients with symptom-

atic spinal stenosis who fail conservative treatment.

Traditionally, transforaminal lumbar interbody

fusion (TLIF) procedures are performed openly,

which requires extensive muscle retraction and soft

tissue dissection. Advances in minimally invasive

(MIS) techniques offer less blood loss, earlier

ambulation, shorter hospitalization, and lower costs

compared with open surgery.1–3

There appears to be a paucity of literature in sex-
related differences in lumbar spine surgery. Accord-
ing to the Swedish Spine Registry, women who
undergo surgery for lumbar disc herniation have
more preoperative back pain, more disability, and
poorer quality of life. Even postoperatively, women
report higher levels of back and leg pain and less
improvement in disability.4 A similar trend was even
observed in young children, where girls reported
more pronounced back pain 1 year after surgery.5

To our knowledge, our paper is the first to
examine sex-related differences in outcome after
MIS TLIF surgery. We hypothesize that women
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may not improve as much as men do after surgery,
given that women have greater pain sensitivity,
enhanced pain facilitation, and reduced pain inhi-
bition.6 The aim of our study is to determine if sex
influences functional, patient-reported outcome
measures, health-related quality of life, satisfaction,
and fulfillment of outcomes after MIS TLIF at 5-
year follow-up.

PATIENTS AND METHODS

Appropriate ethics approval was obtained from
our institution’s review board before this study was
conducted. We reviewed prospectively collected
registry data for 907 patients who underwent MIS
TLIF at our hospital between 2004 and 2013. Our
inclusion criteria were (1) symptomatic spinal
stenosis with failure of conservative management;
(2) a history of primary single-level MIS-TLIF; and
(3) complete preoperative, 2-year and 5-year follow-
up data. The indications for surgery included: (1)
grade 1 or 2 degenerative spondylolisthesis and (2)
nerve compression symptoms, such as radicular
pain, paraesthesia, or neurogenic claudication. All
patients failed a trial of conservative management of
at least 6 weeks before surgery. We excluded
patients with (1) previous back surgery with spinal
instrumentation, (2) thoracolumbar spinal instru-
mentation, (3) spinal infection, (4) tumor-related
spinal pathology, and (5) acute spinal trauma.

All patients were evaluated preoperatively with
static (erect anteroposterior and lateral) and dy-
namic (flexion and extension) plain lumbar spine
radiographs and magnetic resonance imaging of the
lumbar spine. All patients were assessed preopera-
tively and postoperatively at 2 and 5 years by
independent assessors, with numerical pain rating
scale (NPRS back and leg pain), Oswestry Disability
Index (ODI), Short-form 36 Physical and Mental
component scores (SF-36 PCS and MCS), and
North American Spine Society (NASS) score for
neurogenic symptoms recorded. Patients’ comor-
bidities, length of operation and hospitalization,
duration to return to work and return to function,
as well as satisfaction of surgery and expectation
fulfillment, was also recorded.

Surgical Technique

All single-level MIS-TLIF surgeries were per-
formed by the senior authors of this study. The
TLIF surgical approach was decided based on the

symptomatic side. If both sides were symptomatic,
the incision would be on the side of more severe
pathology. A mobile C arm image intensifier was
used to confirm the desired operative level. A
parasagittal incision was made lateral to the
midline, followed by the establishment of an
endoscopic port with sequential soft tissue dilators
inserted down to the facet complex. Facetectomy
was performed using a high-speed burr to expose
the posterior lateral aspect of the disc. Discectomy
was performed, and end plates were prepared. Disc
space distraction was also performed with intra-
discal spreaders before the placement of bone graft
anterior and contralateral to the annulotomy,
followed by an interbody cage. Fluoroscopy was
used to ensure the satisfactory placement of the
interbody cage. Decompression was then performed
by removing the rest of the ipsilateral facet and
lamina and resecting the lateral margin of the
ligamentum flavum to expose the ipsilateral exiting
and traversing roots. The adequacy of decompres-
sion was assessed by using a ball tip probe to
palpate the nerve root as it entered the foramen.
After decompression, the percutaneous pedicle
screw-rod construct was placed through the same
incision and another similar construct through a
contralateral incision. Compression was applied
before final tightening of the construct in order to
attempt to restore lordosis. Hemostasis and wound
irrigation were performed before closure in layers.

A standardized postoperative rehabilitation pro-
gram was conducted for all patients. Barring any
medical contraindication, patients were typically
given oral paracetamol, a selective cyclooxygenase-2
(COX-2) inhibitor, such as etoricoxib, and intrave-
nous patient-controlled morphine. Patients were
encouraged to ambulate as soon as tolerated,
usually from the day after surgery. The patients
were discharged once they were able to ambulate
safely with a walking stick.

Statistical Methods
A power analysis was conducted with type I error
set at 0.05 and type II error at 0.20 (power 80%). A
minimum sample size of 40 patients in each group
was required to detect the minimum clinically
important difference in ODI of 12.8,7 from a
baseline score of 41 and with a standard deviation
of 20 points.

Statistical analysis was performed using SPSS
version 20.0. Student t test and v2 test was used to
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compare parametric and proportion-based out-
comes respectively between sexes. Multiple logistic
regression was performed with sex as the dependent
variable to identify associated independent vari-
ables. Results of P , 0.05 were considered to be
statistically significant.

RESULTS

A total of 296 patients (94 males and 202 females)
had complete preoperative data and were reviewed
at 2 and 5 years. The preoperative patient demo-
graphics are displayed in Table 1. Female patients
were significantly younger than male patients at
time of surgery (females, 52.2 years; males, 56.1
years; P ¼ .04). Females also had a significantly
higher prevalence of osteoarthritis (females, 17.3%;
males, 7.4%; P ¼ .04). There were no other
significant differences in body mass index or
operative time or length of hospitalization.

Female patients had a significantly higher preop-
erative ODI score compared with male patients
(females, 49.5; males, 41.5; P , .001), indicating
increased disability from back and leg pain. Females
also experienced poorer preoperative quality of life,
scoring lower in the SF-36 PCS and MCS (SF-36
PCS: females, 31.9; males, 35.6; P , .01; SF-36
MCS: females, 44.9; males, 49.2; P , .01).

Both sexes improved postoperatively, and this
improvement was sustained even at 5 years (Table

2). There were no significant differences between
both sexes. At 2 years, most patients were able to
return to work (females, 98.7%; males, 96.6%). The
proportion of female patients who were able to
return to work with no limitations increased from
60.3% at 2 years to 76.4% at 5 years (Table 3). A
higher proportion of patients were also able to
return to function after surgery at 5 years (females,
78.7%; males, 73.4%) compared with 2 years after
surgery (females, 65.8%; males, 62.8%). 52.7% of
cases were performed via the left side, whereas
47.3% were from the right. There were no
significant differences in SF-36 or back pain or leg
pain at 5 years dependent on the side of the
approach.

Most patients were satisfied with the outcome of
surgery and had their expectations fulfilled (Table
3). A higher proportion of males were satisfied at 5
years (89.4%) compared with 2 years (81.9%) after
surgery. There were no significant differences in

Table 1. Patient demographics (n ¼ 296).

Patient Demographics

Male

(n ¼ 94)

Female

(n ¼ 202)

P
Value

Age, y 56.1 6 11.6 52.2 6 3.2 .04

Body mass index, kg/m2 25.0 6 3.5 29.9 6 5.3 .51
Length of procedure, min 170.4 6 47.3 170.0 6 53.5 .95
Length of stay, days 3.4 6 3.5 3.6 6 1.8 .68
Comorbidities, %
Diabetes 11.7 11.4 .91
Ischemic heart disease 6.4 5.4 .96
Osteoarthritis 7.4 17.3 .04

Asthma 3.2 3.0 .80
Depression 3.1 2.9 .79
Hypertension 35.1 42.1 .31
Hypercholesterolemia 31.9 35.1 .68
Renal disease 1.0 0.99 .57

Preoperative clinical outcomes
Oswestry Disability Indexa 41.5 6 18.0 49.5 6 17.3 ,.001

NASS neurogenic symptomsa 46.8 6 24.3 52.2 6 23.0 .06
SF-36 Physical Component score 35.6 6 10.6 31.9 6 10.3 ,.01

SF-36 Mental Component score 49.2 6 11.7 44.9 6 12.3 ,.01

Numerical pain rating scale
(back pain)

5.7 6 2.8 6.1 6 2.8 .20

Numerical pain rating scale
(leg pain)

7 6 6.2 6.1 6 3.1 .21

Abbreviation: NASS, North American Spine Society. Bold indicates statistically
significant.
aLower is better.

Table 2. Comparison of clinical outcomes at different time intervals.

Time Interval

Male

(n ¼ 94)

Female

(n ¼ 202)

P
Value

Comparison at 2 y
Oswestry Disability Indexa 13.8 6 15.2 15.3 6 15.7 .41
NASS neurogenic symptomsa 10.6 6 16.3 11.8 6 18.7 .61
SF-36 Physical Component score 47.6 6 10.2 47.6 6 10.9 .99
SF-36 Mental Component score 54.1 6 10.5 52.5 6 11.6 .25
Numerical pain rating scale

(back pain)
1.2 6 2.3 1.5 6 2.4 .40

Numerical pain rating scale
(leg pain)

0.6 6 1.7 1.0 6 2.0 .06

Comparison at 5 y
Oswestry Disability Indexa 12.0 6 13.5 12.9 6 15.0 .63
NASS neurogenic symptomsa 8.3 6 10.2 10.2 6 20.4 .42
SF-36 Physical Component score 46.5 6 10.0 47.6 6 10.1 .37
SF-36 Mental Component score 54.7 6 10.2 52.3 6 12.0 .10
Numerical pain rating scale

(back pain)
0.8 6 2.1 1.2 6 2.4 .08

Numerical pain rating scale
(leg pain)

0.5 6 1.9 0.7 6 1.9 .48

Abbreviation: NASS, North American Spine Society.
aLower is better.

Table 3. Return to work and return to function at different time intervals.

Time Interval

Male

(n ¼ 94)

Female

(n ¼ 202) P Value

Comparison at 2 y
Return to work, % .60
No 3.4 1.4
Yes, with limitations 32.2 38.4
Yes, with no limitations 64.4 60.3

Return to function, % 62.8 65.8 .70
Comparison at 5 y
Return to work, % .09
No 5.2 0.0
Yes, with limitations 29.3 23.6
Yes, with no limitations 65.5 76.4

Return to function, % 73.4 78.7 .39
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satisfaction and expectation fulfilment between
sexes at 2 and 5 years (Table 4).

A total of 9 female patients underwent revision
surgery: 1 required pedicle screw removal for
painful implants, 1 required revision because a
screw had perforated the lateral pedicle wall,
causing radicular pain, 1 patient had cage subsi-
dence and screw cut-out, and 1 required screw
removal and intertransverse fusion because scarring
around the nerve root was causing recurrent
radicular pain. Five required revision surgery for
adjacent segment disease. A total of 3 male patients
underwent revision surgery for adjacent segment
disease. There were no significant differences in
revision rate between both sexes (P ¼ .75). There
were 4 cases of inadvertent durotomy in the female
group and none in the male group. There was also 1
case in the female group of vertebral end plate
perforation by the interbody cage, but it required no
salvage procedures.

DISCUSSION

It is well established that there are differences in
pain perception between men and women—women
tend to experience greater clinical pain and suffer
greater pain-related distress.8 Katz et al9 examined
154 patients who underwent laminectomy for spinal
stenosis and found that women had poorer preop-
erative function compared with men.9 In our study,
female patients also had poorer preoperative func-
tion, experienced greater disability, and reported
poorer quality of life compared with males prior to
surgery. This was despite reporting a similar severity
of back pain (females, 6.1; males, 5.7) and leg pain
(females, 6.1; males, 5.7) according to the NPRS,
suggesting that pain alone does not fully account for
preoperative function and quality of life in women
with degenerative spine disease. A study by Kim et
al10 suggested that pain catastrophizing could be a
potential mediator of sex difference for disability.
The study by Kim et al10 found that females with
lumbar spinal stenosis had greater pain catastroph-
izing compared with males, and this caused a

significant negative influence on disability. Our
findings are similar to a recent similar study by
Khechen et al,11 who examined short-term 6-month
outcomes between male and female patients after
MIS TLIF. In their retrospective single-surgeon
review, they also found that female patients had
greater preoperative pain and disability compared
with men, but by 6 months postoperatively there
was no significant difference between both sexes.

Some high-volume spine surgery centers have
been performing MIS TLIF as a day procedure,12

with patients being discharged on the same day of
the procedure. In our study, none of the cases were
performed as a day procedure. Nonetheless, there
were no significant differences in length of stay
between both sexes (male, 3.4 days; females, 3.6
days; P ¼ .68). Our institution’s length of stay is
similar to those of others reported in literature, as
well as locally, which range from 2.3 to 10.6
days.13,14 Typically, we would at least observe our
patients overnight to ensure adequate pain control,
stable vital signs and neurologic examination,
voiding, and ability to ambulate.

Even though female patients had greater disabil-
ity preoperatively, they managed to achieve similar
functional outcomes when compared to males at
midterm follow-up of 5 years. The reduction in pain,
and improvement in function and quality of life
were durable and sustained in both sexes at 5 years.
This finding is similar to those of a previous study
by Rouben et al,15 whose study of 169 patients who
underwent single- or 2-level MIS TLIF, found that
the improvement in VAS and ODI was sustained for
up to 49 months after surgery. Their study reported
a 41% improvement in ODI at 49 months, from an
ODI of 68 to 30 in single-level fusion cases and 73 to
27 in 2-level fusion cases.

Cost-effectiveness studies examining TLIF sur-
geries have shown that missed work after surgery
results in increased costs and reduced productivi-
ty.16 Some patients may believe that undergoing
surgery may cause them to lose their jobs, and
choose to live with chronic pain. The ability for

Table 4. Satisfaction and fulfillment of expectations at different time intervals.

2 y 5 y

Male Female P Value Male Female P Value

Satisfied, % 81.9 87.6 .26 89.4 88.6 .99
Dissatisfied, % 18.1 12.4 10.6 11.4
Expectations fulfilled, % 91.5 92.1 .96 92.6 94.1 .81
Expectations not fulfilled, % 8.5 7.9 7.4 5.9

Women Do Not Have Poorer Outcomes after MIS Lumbar Fusion
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preoperative working patients to return to work

after surgery is particularly important in working-

age adults considering surgery. There is a relative

paucity of literature on the ability to return to work
after spine surgery. Of note, the ability to return to

work is increasingly incorporated into clinical

outcome studies.17,18

Several authors have found that MIS TLIF

confers an advantage compared with open TLIF
in relation to time to return to work.18 In a

retrospective cohort comparison of 30 patients,

Adogwa et al16 found that the median time to

return to work was 8.5 weeks for patients who
underwent MIS TLIF, and 17.1 weeks for patients

who underwent open TLIF. This was not surprising,

given that there is less soft tissue dissection, lower

blood loss, and less postoperative pain in MIS
techniques.1 This study is the first to investigate the

effect of sex on a patient’s ability to return to work

at 5 years after MIS-TLIF. Our study found that

60.3% of females and 64.4% of males in our study

were able to return to work without limitation at 2
years, with no difference between sexes. The

proportion of females who were able to return to

work without limitation increased to 76.4% at 5

years.

As countries look for various ways to improve
health care and contain costs, the pay-for-perfor-

mance model has been increasingly adopted. Quan-

tifiable patient satisfaction is being used as a metric

for measuring patient experience, and hospitals are
in turn rewarded or penalized based on their patient

satisfaction scores.19 Although controversy exists

around whether increased patient satisfaction trans-

lates to improved clinical outcome,20 it remains a
useful tool to gauge the success of surgery from a

patient’s point of view. In a study of 1645 patients

undergoing elective spine surgery for degenerative

conditions, Chotai et al21 found that surgical

ineffectiveness was a strong predictor of dissatisfac-
tion at 1 year, but sex itself was not a predictor of

dissatisfaction. Our study revealed that there was no

difference in the proportion of males and females

who were satisfied at 5 years (males, 89.4%; females,
88.6%; P ¼ .99). The link between satisfaction and

expectation fulfillment remains unclear. Multiple

studies have found that patients undergoing spine

surgery optimistically expect to have great improve-

ment in their state of health, function, and pain.22–24

Even though these expectations are not necessarily

achieved after surgery, it did not appear to affect
patient satisfaction.22

Our study has several limitations. First, this was a
retrospective review of a consecutive series of
patients. The outcomes data used in this study were
prospectively collected as part of the normal scope
of practice, which likely minimizes any selection bias
because the data were systematically and consecu-
tively collected. Second, confounding variables may
have contributed to the reported preoperative
difference in functional outcomes between sexes
because of differences in baseline comorbidities and
characteristics. However, both sexes had similar
comorbidity profiles, with the exception that fe-
males had an increased prevalence of osteoarthritis.
Lastly, this study does not include radiographic
data to assess fusion and sagittal balance. Several
studies have not been able to show a direct
correlation between radiographic fusion and pa-
tient-reported outcome measures.25,26 The strengths
of this study include the relatively large number of
patients operated on by fellowship-trained surgeons
with 5-year follow-up, combined with data prospec-
tively collected by independent assessors.

In conclusion, women who elect to undergo MIS
TLIF have poorer preoperative function and quality
of life scores compared with men. Despite that,
women were able to attain similar and sustained
clinical outcome compared with men up to 5 years
postoperatively. This suggests that poorer preoper-
ative function in females should not deter surgeons
from recommending patients for MIS TLIF surgery
when indicated.
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