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ABSTRACT

Background: Improvement in patient-reported outcomes after minimally invasive transforaminal lumbar
interbody fusion (MIS-TLIF) is poorly defined. As such, the purpose of this study was to quantify improvements in
Visual Analogue Scale back and leg pain, Oswestry Disability Index (ODI), and Short Form-12 (SF-12) Mental and

Physical Composite scores following MIS-TLIF.
Methods: A surgical registry of patients who underwent primary 1-level MIS-TLIF during 2014-2015 was

reviewed. Comparisons of Visual Analogue Scale back and leg pain, ODI, and Short Form-12 Mental and Physical

Composite scores were performed using paired t tests from preoperative to each postoperative time point. Analysis of
variance was used to estimate the degree of improvement in back and leg pain over the first postoperative year.
Subgroup analysis was performed for patients presenting with predominant back (pBP) or leg (pLP) pain. Multivariate
linear regression was performed to compare patient-reported outcome scores by subgroup.

Results: A total of 106 patients were identified. Visual Analogue Scale back and leg scores, and ODI improved
from preoperative scores at all postoperative time points (P , .05 for each). Patients with pBP (n¼68) and patients with
pLP (n¼ 38) reported reductions in both back and leg pain over the first postoperative year (P , .05 for each). In the

pBP cohort, patients experienced significant reductions in ODI after the first 6 postoperative weeks (P , .05 for each).
In the pLP cohort, patients experienced significant reductions in ODI throughout the first postoperative year (P , .05
for each). Patients with pLP and pBP experienced similar reductions in back pain, whereas patients with pLP

experienced significantly greater reductions in leg pain at all postoperative time points (P , .05 for each).
Conclusions: The current study suggests patients experience significant improvements in back and leg pain

following MIS-TLIF regardless of predominant symptom.
Clinical Relevance: These results can assist surgeons when counseling their patients on the magnitude of

symptom improvement they may experience following MIS-TLIF.

Minimally Invasive Surgery

Keywords: minimally invasive spine surgery, transforaminal lumbar interbody fusion, patient-reported outcomes,

Visual Analogue Scale, back pain, leg pain, Oswestry Disability Index, Short Form-12

INTRODUCTION

Minimally invasive transforaminal lumbar inter-
body fusion (MIS-TLIF) is commonly performed to
treat low back (LBP) and radicular lower extremity
pain.1–4 While a majority of patients with LBP will
recover from conservative management, approxi-
mately 3% to 4% of patients with symptomatic
spinal stenosis or intervertebral disc herniation will
experience refractory symptoms requiring surgical
treatment.1–4

Symptomatic neural compression presents as
radicular leg pain with or without symptomatic
LBP. Many surgeons believe MIS-TLIF results in
more significant improvement in radicular symp-
toms compared to LBP. Previous literature supports

this claim following lumbar decompression, dem-

onstrating that patients with predominant leg pain

(pLP) report greater improvements in leg and back

pain, physical function, and patient-reported dis-

ability compared to those with predominant back

pain (pBP).5,6

Patient-reported outcome (PRO) questionnaires

are used to evaluate clinical outcomes following

surgery.7 Prior literature has examined operative

characteristics and PROs following lumbar sur-

gery.5,6,8–13 However, few studies have assessed the

degree of back pain, leg pain, and disability

improvement a patient can expect following MIS-

TLIF. Therefore, the purpose of this study is to (1)

quantify the improvement in back pain, leg pain,
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patient-reported disability, and mental and physical
components of health-related quality-of-life scores
over the first postoperative year following MIS-
TLIF and (2) quantify the degree of improvement in
these PROs following MIS-TLIF in patients who
present with pBP versus pLP. We hypothesize that
MIS-TLIF will result in clinically significant im-
provements in PROs at 1-year follow-up in both the
pBP and pLP cohorts.

MATERIALS AND METHODS

Patient Population

A prospectively maintained surgical registry of
patients who underwent primary, 1-level MIS-TLIF
for degenerative spinal pathology was reviewed
following institutional review board approval
(ORA 14051301). All procedures were performed
during 2014 and 2015 by a single surgeon at an
academic institution. Patients with a history of
lumbar spine surgery, previous spinal trauma, or
less than 6 months of postoperative follow-up were
excluded from the study.

Demographic and PRO Analysis

The following demographic, comorbidity, and
perioperative variables were used for analysis: age,
gender, body mass index (BMI), smoking status,
Charlson Comorbidity Index, and preoperative
diagnosis. Patients completed the following PRO
questionnaires preoperatively and at several post-
operative time points (6 weeks, 12 weeks, 6 months,
and 1 year): Visual Analogue Scale (VAS) for back
pain, VAS for leg pain, Oswestry Disability Index
(ODI), and the Short Form-12 Health Survey (SF-
12) Mental Component Summary (MCS) and
Physical Component Summary (PCS). The VAS
assesses regional pain ranging from 0 (no pain) to 10
(maximum pain). The ODI is a 10-question assess-
ment of patient-reported disability due to their LBP.
Questions are scored from 0 to 5, with a maximum
score of 50 points (reported as a percentage out of
100); higher scores indicate increasing disability.14

The SF-12 is a shortened version of the Short Form-
36 Health Survey and can be reported in whole, or
as separate MCS and PCS scores.15–17 Decreasing
VAS back, VAS leg, and ODI scores and increasing
SF-12 MCS and PCS scores indicate functional
improvements. Patients are assigned to complete
PRO questionnaires at their homes through an
online system 1 week prior to each preoperative,

operative, and postoperative visit. If patients do not
complete surveys prior to their scheduled appoint-
ment time, they are asked to complete them
electronically during their office visits before they
are seen by the surgeon. Surveys completed in the
office are administered by administrative staff via a
touch-screen tablet computer.

Primary analysis was initially performed on the
entire patient population. Subgroup analysis was
then performed in which patients were stratified by
the severity of presenting symptoms. Patients with
preoperative VAS back pain scores greater than or
equal to their VAS leg pain scores were stratified
into the pBP cohort. Patients with preoperative
VAS back pain scores less than their VAS leg pain
scores were stratified into the pLP cohort.

The percentage of patients achieving a minimum
clinically important difference (MCID) for VAS
back pain, VAS leg pain, and ODI at any
postoperative time point was compared between
the pBP and pLP cohorts. If a patient’s postoper-
ative improvement was greater than the MCID
values reported in previous literature, they were
determined to have reached the MCID. Values of
1.2, 1.3, and 11.8 were used as the MCID for VAS
back pain,18 VAS leg pain,18 and ODI,18 respective-
ly. While numerous other MCID values exist for
various spinal diseases,19–22 the values selected for
these methods were calculated based on degenera-
tive spinal pathologies.

Statistical Methods

Statistical analysis was performed using Stata/
MPt 13.1 for Mac (StataCorp LP, College Station,
Texas). Baseline patient characteristics were ana-
lyzed using means and standard deviations for
continuous variables and percentages for categorical
variables. Pairwise comparisons of preoperative to
postoperative VAS back pain, VAS leg pain, ODI,
and SF-12 MCS and PCS scores were performed
using paired t tests for each postoperative time
point. Analysis of variance was used to estimate the
reduction in back and leg pain that patients
reported over the first postoperative year. Subgroup
analysis comparing preoperative to postoperative
VAS back pain, VAS leg pain, and ODI scores for
patients with pBP or pLP was also performed using
paired t tests for each postoperative time point.
Comparisons of preoperative to postoperative pain
and disability scores and percentage of patients
achieving MCID by pBP or pLP subgroups were
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performed using multivariate linear regression
adjusting for preoperative characteristics such as
age, sex, BMI category, smoking status, and
comorbidity burden. Fusion rate was assessed
during postoperative clinic visits by either radio-
graph or computed tomography (CT). A P value of
, .05 was used to determine statistical significance
and all tests were 2-tailed.

RESULTS

Primary Analysis

During the time period of 2014 through 2015, a
total of 174 patients underwent MIS-TLIF in the
surgical registry being used. Following evaluating
for inclusion criteria, primary procedures (17
revisions excluded), single-level fusions (7 multilevel
fusions excluded), and exclusion criteria, spinal
trauma (1 excluded due to trauma), failure to follow
up at 6 months (43 excluded due to loss to follow-
up), a total of 106 patients who underwent a
primary 1-level MIS-TLIF were included in the
analysis. All 106 patients reached at least 6 months
of postoperative follow-up. Eighty-one of the 106
(76.4%) were available for a full year of follow-up.
The average patient follow-up was 45.9 6 11.0
weeks. The average patient age was 51.2 6 12.0
years; the majority were male (63.2%) and presented
with more severe back pain compared to leg pain
(64.2%). Additional baseline patient characteristics
are reported in Table 1.

Table 2 details pairwise comparisons of PRO
measures at each postoperative visit. Table 3
details the mean improvement in PRO measures,

defined as the difference between mean PRO

values at final clinical follow-up and mean PRO

values at the preoperative evaluation. On average,

patients experienced a 2.5-point (38.7%) reduction

in back pain and a 3.0-point (50.0%) reduction in

leg pain over the first postoperative year (P , .05

for each; Table 3). VAS back and VAS leg pain

improved from preoperative to each postoperative

time point with the greatest amount of improve-

ment in the first 6 postoperative weeks (P , .05

for each; Figure 1, Table 2). On average, patients

experienced an 11.8-point (27.2%) reduction in

patient-reported disability (ODI) over the first

postoperative year (P , .05; Table 3). ODI

improved from preoperative to all postoperative

time points (P , .05; Figure 2, Table 2). On

average, patients experienced a 4.0-point (8.0%)

increase in SF-12 MCS and a 4.9 point (16.0%)

increase in SF-12 PCS over the first postoperative

year (P , .05 for each; Table 3). SF-12 PCS

improved from preoperative to all postoperative

time points after the 6-week follow-up (P , .05;

Figure 2, Table 2).

Table 1. Patient population and operative characteristics.

Parameter TLIF (N ¼ 106)

Age, mean 6 SD, y 51.2 6 12.0
Sex, % (n)
Female 36.8 (39)
Male 63.2 (67)

BMI, % (n)
Nonobese (BMI , 30) 51.9 (55)
Obese (BMI � 30) 48.1 (51)

Smoking status, % (n)
Nonsmoker 83.0 (88)
Smoker 17.0 (18)

Comorbidity burden (CCI), mean 6 SD 2.6 6 2.0
Preoperative VAS back, mean 6 SD 6.6 6 2.1
Preoperative VAS leg, mean 6 SD 6.0 6 2.5
Patients available for follow-up, % (n)
6 months 100.0 (106)
1 year 76.4 (81)

Abbreviations: TLIF, transforaminal lumbar interbody fusion; BMI, body mass
index; CCI, Charlson Comorbidity Index; VAS, Visual Analog Scale.

Table 2. Pairwise comparison of postoperative to preoperative scores.

Mean 6 SE 95% CI P value
a

VAS back
Preoperative 6.6 6 0.2 6.2–7.0 —
6 weeks 4.4 6 0.2 3.9–4.8 ,.001

12 weeks 4.2 6 0.3 3.7–4.7 ,.001

6 months 3.6 6 0.3 3.1–4.1 ,.001

1 year 3.7 6 0.4 2.8–4.5 ,.001

VAS leg
Preoperative 6.0 6 0.2 5.6–6.5 —
6 weeks 3.4 6 0.3 2.8–4.0 ,.001

12 weeks 2.9 6 0.3 2.3–3.4 ,.001

6 months 2.8 6 0.3 2.2–3.3 ,.001

1 year 2.7 6 0.5 1.6–3.7 ,.001

ODI
Preoperative 43.8 6 1.6 40.6–46.9 —
6 weeks 39.2 6 1.9 35.5–43.0 .022

12 weeks 31.1 6 1.7 27.7–34.5 ,.001

6 months 26.2 6 2.0 22.2–30.2 ,.001

1 year 23.8 6 3.2 17.3–30.2 ,.001

SF-12 MCS
Preoperative 49.9 6 1.4 47.0–52.8 —
6 weeks 51.7 6 1.7 48.2–55.1 .240
12 weeks 53.2 6 1.8 49.6–56.7 .218
6 months 55.5 6 1.5 52.5–58.5 .001

1 year 55.4 6 1.7 52.0–58.9 .125
SF-12 PCS
Preoperative 31.0 6 1.4 28.2–33.7 —
6 weeks 30.0 6 1.1 27.8–32.2 .507
12 weeks 35.5 6 1.4 32.6–38.3 ,.001

6 months 40.7 6 1.7 37.2–44.2 ,.001

1 year 40.7 6 2.1 36.2–45.1 ,.001

Abbreviations: CI, confidence interval; VAS, Visual Analogue Scale; ODI,
Oswestry Disability Index; SF-12, Short Form-12; MCS, Mental Component
Summary; PCS, Physical Component Summary.
aBoldface indicates statistical significance.
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Subgroup Analysis

Predominant Back Pain versus Predominant Leg
Pain
Patients were stratified with regard to their predom-
inant presenting symptom: 68 patients (64.2%) had
pBP and 38 patients (35.8%) had pLP. Table 4
details baseline patient demographics and charac-
teristics of these groups. On average, patients with
pBP were more likely to be male (70.6% versus
50.0%, P¼ .035) and had higher preoperative VAS
back scores (7.29 versus 5.27, P , .001). There were
no differences between groups in age, BMI, smoking
status, comorbidity burden, preoperative diagnosis,
or fusion rate (P . .05 for each).

Table 5 details the pairwise comparisons of
preoperative to postoperative PRO measures for
each cohort. Table 6 details the comparisons of the
changes from preoperative to postoperative pain
and disability scores between cohorts. On average,
patients with pBP experienced a 2.8-point (38.1%)
and a 2.1-point (38.8%) reduction in back pain and

leg pain, respectively, over the first postoperative

year (P , .05 for each; Table 7). Patients with pBP

experienced reductions in both back and leg pain

from preoperative to all postoperative time points

(P , .05 for each; Figure 3, Table 5). On average,

patients with pLP experienced a 2.2-point (40.6%)

and a 4.6-point (64.8%) reduction in back and leg

pain, respectively, over the first postoperative year

(P , .05 for each; Table 7). Patients with pLP

experienced reductions in both back and leg pain

from preoperative to all postoperative time points

(P , .05 for each; Figure 3, Table 5). Patients with

pLP and pBP experienced similar reductions in back

pain over the first postoperative year, whereas

patients with pLP experienced significantly greater

reductions in leg pain at all postoperative time

points (P , .05 for each; Table 6). Patients with pBP

experienced a 9.7-point (22.4%) reduction in ODI

over the first postoperative year, while patients with

Table 3. Mean improvement in PROs over the first postoperative year.a

Preoperative Score, mean 6 SE Postoperative Score, mean 6 SE Mean Point Improvement Mean % Improvement P value
a

VAS back pain 6.6 6 0.2 4.0 6 0.1 2.5 38.7 ,.001

VAS leg pain 6.0 6 0.2 3.0 6 0.2 3.0 50.0 ,.001

ODI 43.3 6 1.5 31.6 6 1.1 11.8 27.2 ,.001

SF-12 MCS 48.9 6 1.1 52.9 6 0.8 4.0 8.0 ,.001

SF-12 PCS 30.7 6 1.1 35.6 6 0.8 4.9 16.0 ,.001

Abbreviations: PRO, patient-reported outcome; VAS, Visual Analogue Scale; ODI, Oswestry Disability Index; SF-12, Short Form-12 health survey; MCS, Mental
Component Summary; PCS, Physical Component Summary.
aBoldface indicates statistical significance.

Figure 1. Improvements in Visual Analogue Scale (VAS) back and leg pain

from preoperative to postoperative visits following minimally invasive

transforaminal lumbar interbody fusion.

Figure 2. Improvements in Oswestry Disability Index (ODI), Short Form-12

(SF-12) Mental Component Summary (MCS) and Physical Component

Summary (PCS) scores from preoperative to postoperative visits following

minimally invasive transforaminal lumbar interbody fusion.
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pLP experienced a 15.4-point (35.4%) reduction (P

, .05 for each; Table 7). Patients with pBP

experienced reductions in ODI after the 6-week

postoperative visit and over the full postoperative

year for patients in the pLP cohort (P , .05 for

each; Figure 3, Table 5). Patients with pLP

experienced significantly greater reductions in ODI

at the 6-week follow-up visit compared to the pBP

cohort (P , .05; Table 6).

Minimum Clinically Important Difference

Information on the achievement of MCID for

each of the PROs is provided in Table 8. There were

no differences in the percent of patients achieving

MCID for VAS back (pBP: 80.9% versus pLP:

76.3%; P¼ .574), VAS leg (pBP: 82.4% versus pLP:

92.1%; P¼ .235), or ODI (pBP: 61.8% versus pLP:

Table 4. Baseline and postoperative characteristics stratified by primary back

and primary leg pain groups.

pBP (n ¼ 68) pLP (n ¼ 38) P value a,b

Age, mean 6 SD, y 50.10 6 11.61 53.26 6 12.47 .193
Sex, % (n) .035

Male 70.5 (48) 50.0 (19)
Female 29.5 (20) 50.0 (19)

BMI, % (n) .909
Nonobese (BMI , 30) 51.4 (35) 52.6 (20)
Obese (BMI � 30) 48.5 (33) 47.3 (18)

Smoking status, % (n) .807
Nonsmoker 82.35 (56) 84.21 (32)
Smoker 17.65 (12) 15.79 (6)

Comorbidity burden (CCI),
mean 6 SD 2.51 6 2.02 2.83 6 1.93 .439

Preoperative VAS back,
mean 6 SD 7.29 6 1.83 5.27 6 2.00 ,.001

Preoperative VAS leg,
mean 6 SD 5.34 6 2.71 7.13 6 1.55 ,.001

Preoperative diagnosis, % (n)
Spondylolisthesis 30.8 (21) 26.3 (10) .620
Recurrent herniated disc 38.2 (26) 36.8 (14) .673
Degenerative disc disease 19.1 (13) 26.3 (10) .389
Central stenosis 55.8 (38) 55.2 (21) .951
Foraminal stenosis 2.9 (2) 10.5 (4) .105

Postoperative, % (n)
Fusion rate 97.0 (65) 97.3 (36) .934

Abbreviations: pBP, predominant back pain; pLP, predominant leg pain; BMI,
body mass index; CCI, Charlson Comorbidity Index; VAS, Visual Analogue
Scale.
aBoldface indicates statistical significance.
bP value calculated using v2analysis (categorical) or Student t test (continuous).

Table 5. Pairwise comparison of postoperative to preoperative pain and disability scores by predominant back or leg pain.

Predominant back pain (n ¼ 68) Predominant leg pain (n ¼ 38)

Mean 6 SE 95% CI P value Mean 6 SE 95% CI P value
a

VAS back
Preoperative 7.4 6 0.2 7.0–7.9 — 5.3 6 0.3 4.6–6.0 —
6 weeks 4.8 6 0.3 4.3–5.4 ,.001 3.6 6 0.4 2.7–4.4 ,.001

12 weeks 4.8 6 0.3 4.1–5.4 ,.001 3.2 6 0.4 2.4–4.0 ,.001

6 months 3.9 6 0.3 3.2–4.5 ,.001 3.1 6 0.4 2.2–4.0 ,.001

1 year 4.6 6 0.4 3.7–5.5 ,.001 2.4 6 0.7 0.9–4.0 .006

VAS leg
Preoperative 5.4 6 0.3 4.8–6.1 — 7.1 6 0.3 6.6–7.6 —
6 weeks 3.6 6 0.4 2.8–4.4 ,.001 3.1 6 0.5 2.2–4.0 ,.001

12 weeks 3.2 6 0.4 2.5–3.9 ,.001 2.3 6 0.3 1.6–2.9 ,.001

6 months 3.1 6 0.4 2.3–3.8 ,.001 2.2 6 0.4 1.4–3.0 ,.001

1 year 2.9 6 0.7 1.5–4.4 ,.001 2.3 6 0.8 0.5–4.1 ,.001

ODI
Preoperative 43.7 6 2.0 39.7–47.7 — 43.9 6 2.7 38.5–49.3 —
6 weeks 42.3 6 2.3 37.8–46.9 .594 33.9 6 3.1 27.7–40.2 ,.001

12 weeks 32.3 6 2.3 27.7–36.9 ,.001 29.0 6 2.4 24.2–33.9 ,.001

6 months 27.4 6 2.6 22.2–32.5 ,.001 24.1 6 3.1 17.6–30.5 ,.001

1 year 27.7 6 3.7 19.9–35.5 ,.001 18.7 6 5.3 7.2–30.1 .003

Abbreviations: CI, confidence interval; VAS, Visual Analogue Scale; ODI, Oswestry Disability Index.
aBoldface indicates statistical significance.

Table 6. Comparison of change from preoperative to postoperative pain and

disability scores by predominant back or leg pain.

pBP (n ¼ 68),

mean 6 SE

pLP (n ¼ 38),

mean 6 SE P value a,b

Change in VAS backc

DVAS back at 6 weeks �2.6 6 0.3 �1.7 6 0.4 .142
DVAS back at 12 weeks �2.5 6 0.4 �2.1 6 0.5 .852
DVAS back at 6 months �3.3 6 0.4 �2.2 6 0.6 .114
DVAS back at 1 year �3.0 6 0.6 �2.4 6 0.7 .333

Change in VAS leg
DVAS leg at 6 weeks �1.8 6 0.4 �4.0 6 0.5 .007

DVAS leg at 12 weeks �2.1 6 0.4 �4.9 6 0.4 ,.001

DVAS leg at 6 months �2.1 6 0.4 �5.1 6 0.5 ,.001

DVAS leg at 1 year �2.5 6 0.5 �4.8 6 0.9 .028

Change in ODI
DODI at 6 weeks �1.4 6 2.6 �9.9 6 2.7 .025

DODI at 12 weeks �11.1 6 2.4 �14.5 6 2.5 .346
DODI at 6 months �16.1 6 2.4 �20.3 6 3.1 .206
DODI at 1 year �19.0 6 4.6 �20.6 6 5.5 .889

Abbreviations: VAS, Visual Analogue Scale; ODI, Oswestry Disability Index;
pBP, predominant back pain; pLP, predominant leg pain.
aBoldface indicates statistical significance.
bP values calculated using multivariate linear regression adjusted for age, sex,
BMI category, smoking status, and comorbidity burden.
cChange in VAS or ODI ¼ postoperative score (6 weeks, 12 weeks, 6 months, 1
year) – preoperative score.
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68.4%; P ¼ .459) between patients who presented
with pBP versus pLP.

DISCUSSION

MIS-TLIF is frequently performed to reduce
symptoms resulting from neural compression and to
alleviate clinically significant LBP. Although PROs
are commonly used to evaluate functional improve-
ments following spine surgery, few studies have
quantified the degree of improvement patients can
expect following lumbar fusion surgery.19,23,24

Therefore, the purpose of this study was to quantify
the change in PROs a patient can expect over the
first postoperative year, and determine the degree of
improvement of PROs in patients who present with
pBP versus pLP following MIS-TLIF.

The results of the current study suggest that
patients will experience significant improvements in
both back pain and leg pain following MIS-TLIF.

Patients generally report the majority of their pain

improvement within the first 6 postoperative weeks.

This is intuitive as symptom improvement following

surgical decompression of an affected nerve root is

often apparent in the initial postoperative peri-

od.12,13,25–27 Over the first postoperative year, a

patient can expect a 38.7% reduction in their back

pain and a 50.0% reduction in their leg pain. The leg

pain improvement is likely resulting from a combi-

nation of direct decompression via the MIS

approach and indirect decompression via the

restoration of disc space height by placement of

the interbody cage. In contrast, LBP improvement

likely results from fusion of the affected segment. In

addition to the low back and leg pain improve-

ments, patients report improvements in disability

and physical-component quality-of-life scores, and

can expect a 27.2% reduction in disability and a

16.0% increase in physical-component quality of

Table 7. Improvement in PROs over the first postoperative year by predominant back pain or leg pain.

Preoperative score, mean 6 SE Postoperative score, mean 6 SE Mean point improvement Mean % improvement P valuea

Predominant back pain
VAS back pain 7.3 6 0.2 4.5 6 0.2 2.8 38.1 ,.001

VAS leg pain 5.3 6 0.3 3.3 6 0.2 2.1 38.8 ,.001

ODI 43.3 6 1.9 33.6 6 1.4 9.7 22.4 ,.001

Predominant leg pain
VAS back pain 5.3 6 0.3 3.2 6 0.2 2.2 40.6 ,.001

VAS leg pain 7.1 6 0.3 2.5 6 0.2 4.6 64.8 ,.001

ODI 43.4 6 2.6 28.0 6 1.6 15.4 35.4 ,.001

Abbreviations: PRO, patient-reported outcome; VAS, Visual Analogue Scale; ODI, Oswestry Disability Index; SF-12, Short Form-12 health survey; MCS, Mental
Component Summary; PCS, Physical Component Summary.
aBoldface indicates statistical significance.

A B

Figure 3. (A) Improvements in Visual Analogue Scale (VAS) back and leg pain from preoperative to postoperative visits following minimally invasive transforaminal

lumbar interbody fusion in patients with predominant back pain. (B) Improvements in VAS back and leg pain from preoperative to postoperative visits following

minimally invasive transforaminal lumbar interbody fusion in patients with predominant leg pain.
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life. This information can be applied to counseling
patient expectations regarding their return to
activities and level of performance once they return.

The current study also examined the degree of
symptom improvement following MIS-TLIF among
patients who present with pBP or pLP. The results
demonstrate that patients experience the greatest
improvement in their respective predominant symp-
tom: patients with pBP report greater reductions in
back pain than leg pain, while patients with pLP
report greater reductions in leg pain than back pain.
This is expected, as the predominant symptom has a
higher preoperative pain score and thus has the
greatest potential for improvement. Furthermore,
patients with pLP report greater improvements in
leg pain than patients with pBP experience in back
pain. This is likely attributable to the distinct
presence of neural compression which is addressed
via direct decompression and indirect decompres-
sion via interbody device placement. In contrast, the
etiology of LBP is multifactorial and not all
components may be addressed by the surgery.

In general, patients presenting with pBP can
expect a 38.1% reduction in their back pain, a
38.8% reduction in their leg pain, and a 22.4%
reduction in patient-reported disability over the first
postoperative year. Similarly, patients with pLP can
expect a 40.6% reduction in their back pain, a
64.8% reduction in their leg pain, and a 35.4%
reduction in patient-reported disability over the first
postoperative year. These results suggest that
regardless of presenting symptoms, a majority of
patients undergoing MIS-TLIF will report signifi-
cant improvements in patient-reported disability
and pain symptoms. Interestingly, patients present-
ing with pLP report more significant reductions in
their predominant presenting symptom than those
in the pBP cohort and report greater reductions in
patient-reported disability. This finding suggests
that leg pain may contribute more towards a
patient’s perceived disability than LBP. Anecdotal-
ly, leg pain may hinder ambulation, and thus disrupt

several normal daily activities. In contrast, back
pain may cause discomfort but may be less likely to
interfere with these activities. Similarly, it is perhaps
easier to modify bodily movements in order to
perform daily activities with back pain compared to
leg pain. Thus, leg pain contributes to a greater
perceived disability.

The association between leg pain and patient-
reported disability is further illustrated by the
achievement of MCID between pBP and pLP
cohorts. The majority of patients with pBP or pLP
achieved MCID in LBP, leg pain, and patient-
reported disability. However, patients presenting
with pLP are more likely to reach MCID for their
leg pain and patient-reported disability compared to
patients presenting with pBP. Patients presenting
with pBP may be more likely to reach MCID for
their back pain than patients presenting with pLP,
although these differences did not reach statistical
significance. While patients presenting with either
pBP or pLP can expect to achieve MCID in both
back and leg pain, patients presenting with pLP will
experience a larger improvement in their degree of
leg pain, whereas both cohorts will experience
similar improvements in their degree of back pain.
When counseling patients on postoperative out-
comes, practitioners should convey accurate expec-
tations for the degree of improvement patients
should experience after MIS-TLIF. The evidence
suggests that patients can expect significant im-
provements in back pain, leg pain, and patient-
reported disability after MIS-TLIF regardless of
presenting symptoms.

As the pLP cohort contained a greater percentage
of female patients, demographic differences must be
taken into consideration. Multiple previous studies
have analyzed the association between PRO mea-
sures and gender.28–33 In a study of 98 patients
undergoing lumbar herniation surgery, Häkkinen et
al30 reported that females had higher preoperative
ODI and VAS back scores, with similar VAS leg
scores compared to males. However, no significant
gender differences were seen in VAS back, VAS leg,
and ODI at any postoperative time point. Addi-
tionally, in a prospective multicenter evaluation of
214 patients, Gautschi et al29 demonstrated that
females had higher VAS back, VAS leg, and ODI
scores preoperatively. Sex-related differences were
not present postoperatively, as there were no
differences in mean improvement in VAS back,
VAS leg, and ODI scores at 6-week, 6-month, and

Table 8. Percentage of patients who achieved a minimum clinically important

difference by subgroup.

pBP (n ¼ 68), % (n) pLP (n ¼ 38), % (n) P valuea

VAS back pain 80.9 (55) 76.3 (29) .574
VAS leg pain 82.4 (56) 92.1 (35) .235
ODI 61.8 (42) 68.4 (26) .459

Abbreviations: VAS, Visual Analog Scale; ODI, Oswestry Disability Index; pBP,
predominant back pain; pLP, predominant leg pain.
aP values calculated using multivariate linear regression adjusted for age, sex,
body mass indes category, smoking status, and comorbidity burden.
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1-year follow-up. As such, gender does not explain
the patterns of improvement in PROs in our study
both for the entire study population and for the
individual pLP and pBP cohorts.

Parker et al34 evaluated the predictive power of 3-
month patient reported outcomes on 12-month
outcomes following lumbar spine surgery. When
assessing 3-month EQ-5D and ODI scores, they
observed a statistically significant correlation with
12-month scores when looking at the cohort as a
whole although, at the individual level, patients who
had not demonstrated short-term improvement
were nonetheless observed to improve by 12
months. Conversely, patients who had demonstrat-
ed short-term improvement were able to achieve an
improvement by 12 months. While 3-month out-
comes may be predictive, this latter finding under-
scores the importance of long-term follow-up (�12
months). Patient improvement and pseudoarthrosis
can still be a valid concern from at evaluations of up
to 1 year and beyond.

The results of the current study are similar to the
results presented in prior literature. Gum et al.35

compared health-related quality of life outcome
measures among patients who underwent lumbar
fusion surgery and reported the majority of patients
experienced significant symptom improvement fol-
lowing surgery, as measured by the numerical rating
scale (NRS) back pain, NRS leg pain, ODI, and
Short Form-36. Of note, the NRS is a numerical
scale in which a patient reports their pain level from
0 to 10, comparable to the VAS used in the current
study. The majority of patients that experienced
improvements following surgery reported a mean
change of 4.2, 3.9, and 22.4 points for NRS back,
NRS leg, and ODI, respectively. Although not
reported directly, the patient population experi-
enced a 42.9% improvement in back pain, 41.3%
improvement in leg pain, and 32.8% improvement
in ODI.35 Similarly, others24,36 analyzed PROs
among obese and morbidly obese patients and
among grade I degenerative spondylolisthesis pa-
tients following MIS-TLIF, respectively. Although
not explicitly reported, among obese and morbidly
obese patients, the authors observed a 2.4-point
(34.7%) improvement in VAS back pain, a 3.8-point
(53.3%) improvement in VAS leg pain, and an 11.6-
point (23.1%) improvement in ODI at 2-year
follow-up. Similarly, among patients with grade I
degenerative spondylolisthesis, the authors observed
a 2.9-point (34.5%) improvement in VAS back pain,

a 3.0-point (35.3%) improvement in VAS leg pain,
and a 21.2-point (57.5%) improvement in ODI at 2-
year follow-up. Notably, compared to normal and
overweight individuals, the majority of obese
patients experienced significant clinical improve-
ments despite a previously reported slower recovery
rate and more pronounced baseline disability.37,38

Although similar outcomes are observed among
these studies in whole, the authors did not report
expected outcomes based on presenting symptoms.

The current study has several limitations. A
primary limitation of this study is related to our
stratification system, which is based on the VAS
back pain and VAS leg pain scoring system. VAS
has been observed to vary when compared across a
single cohort due to the subjective attributes
associated with pain,39–42 and because of varying
patient pain tolerance thresholds.43,44 Second, the
generalizability of this study is limited because all
patients included in the analysis underwent MIS-
TLIF by 1 surgeon at a single academic institution.
Third, rather than a comparison of PROs to
calculate MCID values for the specific patient
population, the PRO measures of the current study
were compared to MCID values previously report-
ed in literature, limiting the clinical and functional
significance of the results. In order to mitigate this
limitation, the percentage of patients achieving
MCID was based on 2 methods of calculation. This
more accurately conveyed the percentage of clinical
and functional improvements observed. However,
a prospective study examining PRO measures
following MIS-TLIF, with a calculated MCID for
the unique patient population analyzed should be
performed to more effectively assess the degree of
improvement a patient can expect over the first
postoperative year. Fourth, the data regarding the
length of postoperative analgesic use during the
follow-up period is not available in the patient
registry used. As such, the possible effect of
postoperative analgesia on pain scores is not
captured in this study. Fifth, the patient sample
analyzed was small. Despite similar outcomes
among the population as a whole and in previously
published literature, this study may be underpow-
ered to assess the degree of symptom improvement
patients can expect following MIS-TLIF. Given
that there were no statistical differences between
pBP and pLP groups for preoperative spinal
diagnoses, stratification based on diagnoses was
deemed necessary although future prospective
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studies investigating possible differences in out-
comes for radicular and nonradicular pain between
spinal diagnosis would be useful. Finally, our rate
of fusion assessment is limited in that we used x-ray

radiographs in many of our radiographic evalua-
tions in place of CT. Using x-ray radiographs could
have underrepresented patients with nonunion as
compared to assessing with only CT.

Conclusion

Effective patient counseling incorporates an
analysis of a patient’s postoperative expectations.
In this context, it is important to establish
expectations and discuss the degree of symptom
improvement a patient may experience following

their procedure. The results of the current study
suggest that patients may experience significant
improvements in their back pain, leg pain, and
reported disability over the first postoperative
year following MIS-TLIF regardless of presenting
symptoms. Similarly, the majority of patients may
experience clinically meaningful improvements in
their symptoms and associated disability following
surgery. Patients generally experience the greatest
improvement in their pain symptoms during the
first 6 postoperative weeks and can expect a

38.7% and 50.0% reduction in their VAS back
and leg pain scores over the first postoperative
year. These results may provide surgeons with
valuable data to counsel patients on the likelihood
and magnitude of symptom improvement follow-
ing MIS-TLIF.
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