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Abstract

Purpose Few studies examine the clinical outcomes in patients undergoing minimally invasive transforaminal lumbar inter-
body fusion (MIS-TLIF) versus lateral lumbar interbody fusion (LLIF) for adjacent segment disease (ASD). We aim to
compare the postoperative clinical trajectory through patient-reported outcome measures (PROMs) and minimum clinically
important difference (MCID) in patients undergoing MIS-TLIF versus LLIF for ASD.

Methods Patients were stratified into two cohorts based on surgical technique for ASD: MIS-TLIF versus LLIF. PROMs of
12-Item Short Form Physical Component Score (SF-12 PCS), visual analog scale (VAS) back, VAS leg, and Oswestry Dis-
ability Index (ODI) were collected at preoperative and postoperative 6-week/12-week/6-month/1-year time points. MCID
attainment was calculated through comparison to established thresholds. Cohorts were compared through nonparametric
inferential statistics.

Results Fifty-four patients were identified, with 22 patients undergoing MIS-TLIF after propensity score matching. Patients
undergoing MIS-TLIF for ASD demonstrated significant postoperative improvement up to 1-year VAS back, up to 1-year
VAS leg, and 6-month through 1-year ODI (p < 0.035, all). Patients undergoing LLIF demonstrated significant postoperative
improvement in 6-month SF-12 PCS, 6-month through 1-year VAS back, 12-week through 6-month VAS leg, and 6-month
to 1-year ODI (p < 0.035, all). No significant differences were calculated between surgical techniques for PROMs or MCID
achievement rates.

Conclusion Patients undergoing either MIS-TLIF or LLIF for adjacent segment disease demonstrated significant postopera-
tive improvement in pain and disability outcomes. Additionally, patients undergoing LLIF reported significant improvement
in physical function. Both MIS-TLIF and LLIF are effective for the treatment of adjacent segment disease.
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ASD Adjacent segment disease MCID Minimum clinically important difference
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Introduction

Spinal fusion introduces an immobile construct subject to
greater bending moments and shear stresses at adjacent
spinal segments, resulting in accelerated degeneration and
symptoms of back and/or leg pain [5, 19, 1, 14]. Sympto-
matic manifestation of the degenerated adjacent segments,
termed adjacent segment disease (ASD), may require
decompression of the adjacent segment and extension of
the fusion construct [1].

The minimally invasive transforaminal lumbar interbody
fusion (MIS-TLIF) and lateral lumbar interbody fusion (LLIF)
are two well-established surgical techniques utilized to treat
adjacent segment disease [1, 22, 11, 9]. The MIS-TLIF involves
a posterior approach for direct decompression of the neural ele-
ments, while LLIF involves a transpsoas approach for indirect
decompression and direct access to the intervertebral disc [12].
Direct access to the disc space allows for larger interbody cage
placement and, hence, greater correction of sagittal imbalance,
coronal imbalance, and restoration of disc height [22, 11, 12].

Although there are studies examining direct versus indirect
decompression in treating adjacent segment disease, these

studies fail to directly compare the postoperative clinical out-
comes in patients undergoing MIS-TLIF versus LLIF. Investi-
gation into the clinical outcomes between surgical techniques
for ASD may aid in surgical decision-making and management
of postoperative expectations for patients. We aim to investigate
this gap by querying patients undergoing MIS-TLIF or LLIF for
adjacent segment disease in a single-surgeon database.

Methods
Patient population

Patient consent and Institutional Review Board approval
(ORA #14051301) were acquired preceding the start of the
current study. Patient records were queried from July 2009
to September 2022. Patients were included if they underwent
MIS-TLIF or LLIF for adjacent segment disease. Patients
were excluded if they were diagnosed with neoplasm, infec-
tion, or acute fracture. Patients were favored to undergo MIS-
TLIF if they required direct decompression, had abnormal
vascular anatomy, or had obstructive iliac crests. LLIF was

Table 1 Unmatched patient

. Characteristics Total (n = 69) MIS-TLIF (n = 22) LLIF (n =47) *P-value
demographics
Age (mean + SD, years) 58.4+9.6 539+8.1 60.5 +9.6 0.005
Gender 0.421
Female 36.2% (25) 27.3% (6) 40.4% (19)
Male 63.8% (44) 72.7% (16) 59.6% (28)
BMI (mean + SD, kg/m2) 31.7+54 319+5.1 31.7+5.6 0.837
Ethnicity 0.819
African American 10.3% (7) 13.6% (3) 8.7% (4)
Asian 0.0% (0) 0.0% (0) 0.0% (0)
Hispanic 11.8% (8) 13.6% (3) 10.9% (5)
White 76.5% (52) 72.7% (16) 78.3% (36)
Other 1.5% (1) 0.0% (0) 2.2% (1)
Comorbidities
Smoker 17.4% (12) 22.7% (5) 14.9% (7) 0.501
Hypertension 49.3% (34) 31.8% (7) 57.5% (27) 0.070
Diabetes 21.7% (15) 13.6% (3) 25.5% (12) 0.355
ASA score 0.433
<2 60.3% (41) 68.2% (15) 56.5% (26)
>2 39.7% (27) 31.8% (7) 43.5% (20)
CCI score (mean + SD) 2.9+2.0 2.0+£1.3 34422 0.006
Insurance type 0.028
Medicare/Medicaid 17.4% (12) 4.6% (1) 23.4% (11)
Workers’ Comp 37.7% (26) 59.1% (13) 27.7% (13)
Private 44.9% (31) 36.4% (8) 48.9% (23)

BMI, body mass index; ASA, American Society of Anesthesiologists; CCI, Charlson comorbidity index;
SD, standard deviations; Workers’ Comp, workers’ compensation. *p-value calculated using Fisher exact
test for categorical variables or Mann—Whitney U test for continuous variables. Boldface indicates signifi-

cance
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Table2 Matched patient Characteristic Total (n=54)  MISTLIF (1=22)  LLIF(n=32)  *P-value
demographics
Age (mean + SD, years) 56.0 + 8.1 539+ 8.1 57.5+8.0 0.071
Gender 0.262
Female 37.0% (20) 27.3% (6) 43.8% (14)
Male 63.0% (34) 72.7% (16) 56.3% (18)
BMI (mean + SD, kg/m2) 320+5.6 319+5.1 32.1+6.0 1.000
Ethnicity 0.942
African American 11.3% (6) 13.6% (3) 9.7% (3)
Asian 0.0% (0) 0.0% (0) 0.0% (0)
Hispanic 13.2% (7) 13.6% (3) 12.9% (4)
White 73.6% (39) 72.7% (16) 74.2% (23)
Other 1.9% (1) 0.0% (0) 32% (1)
Comorbidities
Smoker 20.4% (11) 22.7% (5) 18.8% (6) 0.743
Hypertension 37.0% (20) 31.8% (7) 40.6% (13) 0.576
Diabetes 16.7% (9) 13.6% (3) 18.8% (6) 0.723
ASA score 1.000
<2 66.0% (35) 68.2% (15) 64.5% (20)
>2 34.0% (18) 31.8% (7) 35.5% (11)
CCI Score (mean + SD) 22+14 2.0+1.3 24+1.5 0.267
Insurance type 0.166
Medicare/Medicaid 11.1% (6) 4.6% (1) 15.6% (5)
Workers” Comp 44.4% (24) 59.1% (13) 34.4% (11)
Private 44.4% (24) 36.4% (8) 50.0% (16)

BMI, body mass index; ASA, American Society of Anesthesiologists; CCI, Charlson comorbidity index;
SD, standard deviations; Workers’ Comp, workers’ compensation. *p-value calculated using Fisher exact
test for categorical variables or Mann—Whitney U test for continuous variables

favored if patients required greater correction of sagittal and/
or coronal imbalance. All patients undergoing LLIF under-
went additional posterior instrumentation.

Data collection

Patient demographics, perioperative characteristics, and
inpatient complications were recorded. Age, gender, eth-
nicity, insurance type, body mass index (BMI), smoking
status, hypertensive status, diabetic status, American Soci-
ety of Anesthesiologists (ASA) classification, and Charl-
son Comorbidity Index (CCI) score were the demographic
information collected. The number of contiguous fused
levels, fusion level, operative time, estimated blood loss,
length of stay, postoperative day (POD) 0 and 1 VAS pain,
POD 0 and 1 narcotic consumption, and day of discharge
were the perioperative characteristics recorded. Acute
renal failure, altered mental status, postoperative anemia,
arrhythmia, aspiration or reintubation, atelectasis, fever
of unknown origin, ileus, urinary incontinence, nausea/
vomiting, pleural effusion, pneumonia, pulmonary embo-
lism, urinary retention, urinary tract infection, and venous
thromboembolism were inpatient complications recorded.

The primary outcomes collected in this study were
PROMs evaluating physical function, pain, and disability.
The SF-12 PCS was utilized to evaluate physical func-
tion. The VAS back and VAS leg evaluated back and
leg pain, respectively. The ODI was utilized to evaluate
disability. These PROMs were collected at preoperative
and postoperative 6-week, 12-week, 6-month, and 1-year
time points.

Statistical analysis

Patients undergoing surgery for adjacent segment disease
were stratified into two cohorts based on whether they under-
went MIS-TLIF or LLIF. MCID achievement was deter-
mined through comparison of PROM improvement to estab-
lished thresholds of 2.5 for SF-12 PCS, 2.1 for VAS back,
2.8 for VAS leg, and 14.9 for ODI [16, 15]. Categorical and
continuous variables were compared between cohorts using
the Fisher exact and Mann—Whitney U tests, respectively.
After comparing the demographic characteristics between
cohorts, propensity score-matched for age, BMI, smoking
status, hypertensive status, and CCI scores. Postoperative
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Table 3 Perioperative

L Characteristic Total (n = 54) MIS-TLIF (n = 22) LLIF (n = 32) *P-value
characteristics
Number of revised fused levels 0.196
One 90.7% (49) 100.0% (22) 84.4% (27)
Two 7.4% (4) 0.0% (0) 12.5% (4)
Three 1.9% (1) 0.0% (0) 3.1% (1)
Revised fusion level < 0.001
1-level
T12-L1 1.9% (1) 0.0% (0) 3.1% (1)
L2-L3 16.7% (9) 0.0% (0) 28.1% (9)
L3-L4 29.6% (16) 18.2% (4) 37.5% (12)
L4-L5 31.5% (17) 54.6% (12) 15.6% (5)
L5-S1 11.1% (6) 27.3% (6) 0.0% (0)
2-level
T12-L2 1.9% (1) 0.0% (0) 3.1% (1)
L2-14 5.6% (3) 0.0% (0) 5.6% (3)
3-level
L2-L5 1.9% (1) 0.0% (0) 3.1% (1)
Operative time (min)
Mean + SD 170.4 + 60.9 158.5 +47.4 178.6 + 68.2 0.249
Estimated blood loss (mL)
Mean + SD 91.8 + 68.2 94.3 +62.6 90.0 +72.9 0.489
Length of stay (h)
Mean + SD 46.9 +26.2 44.8 +£22.6 48.3 +28.6 0.972
Acute postoperative vas pain
POD 0 5 50+14 5 1 0.128
POD 1 8 48 +1.8 52+1.8 0.446
Postoperative narcotic consump-
tion (OME)
POD 0 83.0 +81.6 116.7 + 106.3 59.8 +48.7 0.009
POD 1 752 £ 658 97.5 £ 84.5 59.8 +44.3 0.109
Day of discharge 0.588
POD 0 7.4% (4) 4.6% (1) 9.4% (3)
POD 1 35.2% (19) 40.9% (9) 31.3% (10)
POD 2 33.3% (18) 40.9% (9) 28.1% (9)
POD 3 11.1% (6) 4.6% (1) 15.6% (5)
POD 4 13.0% (7) 9.1% (2) 15.6% (5)

POD, postoperative day of discharge; SD, standard deviation; HNP, herniated nucleus pulposus; Vas, vis-
ual analog scale; OME, oral morphine equivalents. *P-value calculated using Fisher exact test for categori-
cal variables or Mann—Whitney U test for continuous variables. Boldface indicates significance

improvement of PROMs was calculated using Wilcoxon
ranked sign tests. All data were analyzed using Stata 17.0
(StataCorp LP, College Station, TX, USA). An alpha value
of 0.05 was utilized to determine statistical significance.

Results
Prior to propensity score matching, a total of 69 patients

were identified. There were 54 total patients, with 22 and 32
patients undergoing MIS-TLIF and LLIF, respectively, after

@ Springer

matching for demographic characteristics. No significant dif-
ferences between cohorts were calculated after propensity
score matching. Demographic characteristics were skewed
towards white (73.6%) patients. The proportion of patients
receiving private insurance (44.4%) and workers’ compensa-
tion (44.4%) were equal. For self-identified gender, 37.0%
were female. Patients typically had a moderate comorbidity
burden, with 20.4%, 37.0%, and 16.7% with positive smok-
ing, hypertensive, and diabetic statuses, respectively. The
mean age, BMI, and CCI scores were 56.0 years, 32.0 kg/
m?, and 2.2, respectively. Unmatched demographics are in
Table 1, while matched demographics are in Table 2.
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Table 4 Inpatient complications

Complication Total MIS-TLIF LLIF *P-value
Acute renal failure 0.0% (0) 0.0% (0) 0.0% (0) -
Altered mental status  1.9% (1) 4.6% (1) 0.0% (0) 0415
Anemia, postopera- 0.0% (0) 0.0% (0) 0.0% (0) -

tive
Arrhythmia 0.0% (0) 0.0% (0) 0.0% (0) -
Aspiration/Re-intu- 0.0% (0) 0.0% (0) 0.0% (0) -

bation
Atelectasis 1.9% (1) 4.6% (1)  0.0% (0)

Fever of unknown 20.4% (11) 18.2% (4) 21.9% (7) 1.000

origin

Tleus 0.0% (0)  0.0% (0) 0.0% ) -
Incontinence, urinary  0.0% (0) 0.0% (0)  0.0% (0)
Nausea/vomiting 74% @)  9.1%2) 63%((2) 1.000
Pleural effusion 0.0% (0) 0.0% (0) 0.0% (0) -
Pneumonia 0.0% (0) 0.0% (0) 0.0% (0) -
Pulmonary embolism  0.0% (0) 0.0% (0) 0.0% (0) -
Urinary retention 13.0% (7) 13.6% (3) 12.5% (4) 1.000
Urinary tract infection 0.0% (0) 0.0% (0) 0.0% (0) -
Venous thromboem-  0.0% (0) 0.0% (0) 0.0% (0) -

bolism

“P-value calculated using Fisher exact test

For perioperative characteristics, the fusion level and
POD 0 narcotic consumption were significantly different
between MIS-TLIF and LLIF cohorts (p < 0.009, both).
For fusion level, LLIF patients tended to undergo fusion at
L3-L4 (37.5%), L2-L3 (28.1%), or L4-L5 (15.6%). MIS-
TLIF patients tended to undergo fusion at L4-L5 (54.6%),
L5-S1 (27.3%), or L3-L4 (18.2%). Most patients in either
surgical technique underwent single-level fusion (90.7%).
One patient underwent 3-level LLIF for degenerative scoli-
osis at L2-S1 and had a previous ALIF at L5-S1. For POD
0 narcotic consumption, MIS-TLIF patients utilized sig-
nificantly greater narcotic consumption in OME of 116.7
compared to 59.8 in LLIF (p = 0.009). No other significant
differences were noted in perioperative characteristics. The
mean operative time, estimated blood loss, and length of
stay were 170.4 min, 91.8 mL, and 46.9 h, respectively.
Perioperative characteristics are in Table 3.

No significant differences were reported between cohorts
for inpatient postoperative complications. Overall, most
patients’ hospital courses were complicated by fever of
unknown origin (20.4%), urinary retention (13.0%), or nau-
sea/vomiting (7.4%). One patient undergoing MIS-TLIF
suffered from altered mental status, while a separate patient
undergoing MIS-TLIF suffered from atelectasis. Postopera-
tive inpatient complications are in Table 4.

Patients undergoing MIS-TLIF reported significant
postoperative improvement in 6-week to 1-year VAS back,
6-week to 1-year VAS leg, and 6-month to 1-year ODI (p

< 0.035, all). Patients undergoing LLIF reported signifi-
cant postoperative improvement in 6-month SF-12 PCS,
6-week through 1-year VAS back, 12-week through 6-month
VAS leg, and 6-month to 1-year ODI (p < 0.035, all). No
significant preoperative or postoperative differences in
PROMs were calculated between cohorts. Greater than 50%
of patients achieved MCID in MIS-TLIF for all domains.
Greater than 50% of patients achieved MCID in LLIF for
SF-12 PCS, VAS back, and VAS leg. No significant dif-
ferences in MCID achievement were calculated between
cohorts. Assessment of raw PROM scores is in Table 5, and
MCID achievement rates are in Table 6.

Discussion

Independent of surgical technique, patients undergoing
MIS-TLIF or LLIF for adjacent segment disease reported
significant postoperative improvement in pain and physi-
cal function. Patients undergoing LLIF also demonstrated
significant postoperative improvement in physical func-
tion. No significant differences were calculated between
cohorts for postoperative PROM scores or MCID achieve-
ment rates. Either MIS-TLIF or LLIF are effective surgical
interventions for adjacent segment disease.

Biomechanical finite element analysis (FEA) models
have demonstrated considerably increased shear stress at
the adjacent segments following a lumbar fusion [4, 8, 10].
One study calculated the shear stress at the upper adja-
cent segment to be as high as 43% in the fused segment
model [4]. A separate article utilized FEA to determine
significantly increased stress at the nucleus pulposus and
annulus fibrosus after posterior lumbar interbody fusion
(PLIF) and as disc degeneration progressed [8]. One addi-
tional study formed a FEA model with LLIF and bilateral
pedicle screw placement for treatment of adjacent segment
disease [10]. The authors calculated that placement of the
interbody cage with bilateral pedicle screws in the adjacent
segment provides sufficient structural stability and protec-
tive effects on the interbody cage placement compared to
standalone cage placement [10]. Overall, these FEA stud-
ies demonstrate the increased stress applied to the adjacent
segments due to an immobile construct and the efficacy in
extending the immobile construct for adjacent segment
disease.

In addition to these biomechanical studies, previous arti-
cles have examined the clinical and radiographic outcomes
of utilizing direct and indirect decompression for adjacent
segment disease. One study examining standalone LLIF
versus laminectomy and posterior lateral fusion demon-
strated that equivalent postoperative clinical outcomes in
VAS back, VAS leg, and ODI scores, with significantly
higher segmental lordosis (SL), lumbar lordosis (LL), and
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Table 5 Mean patient reported

PROM MIS-TLIF (mean *P-value LLIF (mean + SD) *P-value fP-value
outcome measures +SD)
SF-12 PCS
Preoperative 26.0+79 - 26.8 + 6.0 - 0.776
6 weeks 320+ 11.0 0.790 31.3+99 0.080 0.883
12 weeks 37.6 +12.2 0.600 30659 0.285 0.152
6 months 434 +13.8 0.285 36.1+£11.0 0.015 0.238
1 year 40.1 +11.0 0.068 36.5+ 123 0.063 0.573
VAS back
Preoperative 73+20 - 7.0+2.7 - 0.648
6 weeks 48+24 0.001 4.7+2.6 0.022 0.939
12 weeks 49+29 0.008 4.8 +2.8 0.010 0.980
6 months 3.8+3.6 0.002 34427 < 0.001 0.693
1 year 47+41 0.035 29+24 0.028 0.344
VAS leg
Preoperative 7.8+22 - 6.2 +2.1 - 0.071
6 weeks 3.8+3.2 0.008 39+3.1 0.052 0.942
12 week 44+38 0.028 3.6 £2.8 0.032 0.608
6 months 29+38 0.008 3.8+£27 0.033 0.554
1 year 35+4.0 0.035 29+32 0.140 0.783
ODI
Preoperative 504 +17.8 - 494 + 149 - 0.871
6 weeks 40.0 + 19.5 0.075 45.1 +21.5 0.164 0.539
12 weeks 38.4+228 0.050 422 +15.7 0.092 0.661
6 months 27.7+25.6 0.021 351+184 0.009 0.396
1 year 33.0+£238 0.027 254+17.1 0.035 0.518

SD, standard deviation. *P-values calculated using Wilcoxon ranked sign test to determine improvement
in PROMs. fp-values calculated using Mann—Whitney U test for independent samples to compare PROMs
between groups. Boldface indicates significance

disc height in patients undergoing LLIF [11]. A separate
article demonstrated that patients undergoing oblique lat-
eral interbody fusion (OLIF) versus TLIF for adjacent seg-
ment disease had similar postoperative clinical outcomes
in VAS back, VAS leg, and ODI, with the OLIF cohort
experiencing greater improvement in sagittal balance [9].
A separate study examining postoperative clinical out-
comes in OLIF versus PLIF reported clinical postopera-
tive improvement in VAS, ODI, and Japanese Orthopedic
Association (JOA) scores for the treatment of adjacent
segment disease [21]. However, patients undergoing OLIF
demonstrated superior VAS outcomes [21]. One case series
demonstrated that patients undergoing LLIF for adjacent
segment disease had significant improvements to disability
and physical function outcomes, with improvements in SL,
LL, and disc height [22]. Although none of these stud-
ies directly evaluated MIS-TLIF versus LLIF, these over-
all findings indicate that both indirect and decompression
methods are effective in the treatment of adjacent segment
disease in appropriately selected patients.

In this present study, patients undergoing MIS-TLIF for
adjacent segment disease underwent surgical intervention at

@ Springer

L4-5 and had higher POD 0 narcotic consumption compared
to LLIF. Though the L4-5 intervertebral disc space is acces-
sible through LLIF, the lumbar plexus courses more ven-
trally compared to the more cranial levels and may obscure
up to 50% of the safety corridor [18, 13, 3]. Furthermore,
abnormal vascular anatomy and high-riding iliac crests may
preclude selection of LLIF at this level [7]. For postoperative
pain management, patients undergoing MIS-TLIF required
higher POD-0 narcotic consumption. One explanation may
be due to the extensive retraction and dissection of the par-
aspinal muscles in TLIF [17, 20, 6]. As such, patients under-
going MIS-TLIF may require greater immediate postopera-
tive pain management.

Patients undergoing either MIS-TLIF or LLIF for adjacent
segment disease reported significant postoperative improve-
ment for pain and disability outcomes in the current study.
Patients demonstrated similar postoperative PROM scores
and MCID achievement in pain and disability outcomes. Our
results correspond to the majority of the previously cited lit-
erature [22, 11, 9, 21]. That is, patients undergoing direct ver-
sus indirect decompression demonstrated similar postopera-
tive clinical outcomes in pain and disability outcomes [11, 9].
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Table 6 MCID achievement

PROM MIS-TLIF %, (n) LLIF %, (n) *P-value
SF-12 PCS
6 weeks 40.0% (2) 27.3% (3) 1.000
12 weeks 60.0% (3) 33.3% (2) 0.567
6 months 66.7% (2) 88.9% (8) 0.455
1 year 75.0% (3) 71.4% (5) 1.000
Overall 85.7% (6) 75.0% (9) 1.000
VAS back
6 weeks 41.2% (7) 50.0% (10) 0.743
12 weeks 47.1% (8) 33.3% (5) 0.491
6 months 50.0% (8) 47.1% (8) 1.000
1 year 33.3% (2) 66.7% (4) 0.567
Overall 63.2% (12) 66.7% (14) 1.000
VAS leg
6 weeks 55.6% (5) 35.7% (5) 0.417
12 weeks 55.6% (5) 40.0% (4) 0.656
6 months 55.6% (5) 63.6% (7) 1.000
1 year 66.7% (4) 50.0% (3) 1.000
Overall 63.6% (7) 66.7% (10) 1.000
ODI
6 weeks 33.3% (3) 6.7% (1) 0.130
12 weeks 44.4% (4) 20.0% (2) 0.350
6 months 66.7% (6) 41.7% (5) 0.387
1 year 66.7% (4) 50.0% (3) 1.000
Overall 63.6% (7) 43.8% (7) 0.440

“P-values calculated using Fisher exact test. Boldface indicates sig-
nificance

Overall, our findings suggest that either MIS-TLIF or LLIF
are effective surgeries in treating adjacent segment disease.

For physical function, only patients undergoing LLIF
reported significant postoperative improvement in physi-
cal function. Although patients undergoing MIS-TLIF did
not report significant postoperative improvement in physi-
cal function, the mean SF-12 PCS score improved during
the postoperative period. As such, the lack of significant
improvement in the MIS-TLIF cohort may be the result of
insufficient power. Still, the lack of significant differences
between cohorts indicates the similar efficacy between MIS-
TLIF and LLIF for adjacent segment disease.

This present study has several limitations. The lower
patient numbers in each cohort may introduce insufficient
power in our longitudinal analysis due to loss of follow-up.
Furthermore, loss to follow-up introduces selection bias.
One article studied this phenomenon and reported superior
postoperative outcomes in patients who were initially lost
to follow-up in clinic compared to patients who continued
to follow in clinic [2]. Additionally, PROMs are inherently
subjective and therefore are susceptible to response bias. As
the most important aspect of patient selection was individual

clinical evaluation, surgical technique was selected based
on the anatomical characteristics highlighted in the Patient
population. As such, the study design precludes the ability
to entirely negate biases in patient selection. However, as the
findings of this study indicate non-inferiority of either surgi-
cal technique in appropriately indicated patients, such biases
may not have negatively influenced these results. Usage of a
single-surgeon database limits the generalizability of these
findings, as our cohort was typically White males. Despite
this demographic predominance, the patients in our study
typically reported a higher comorbidity burden. Future
investigations may incorporate a multicenter analysis to aid
in greater patient collection and generalizability.

Conclusion

Patients undergoing either MIS-TLIF or LLIF for adja-
cent segment disease demonstrated significant postopera-
tive improvement in pain and disability outcomes. Patients
undergoing LLIF additionally demonstrated postoperative
improvement in physical function. Patients undergoing
either MIS-TLIF or LLIF demonstrated equivalent postoper-
ative improvement and MCID achievement rates in physical
function, pain, and disability outcomes. MIS-TLIF and LLIF
are similarly effective in treating adjacent segment disease.
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