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OBJECTIVE: To compare perioperative characteristics
and patient-reported outcome measures (PROMs) in
workers’ compensation (WC) patients undergoing mini-
mally invasive transforaminal lumbar interbody fusion
(MIS-TLIF) in either the inpatient/outpatient setting.

METHODS: Patients with WC undergoing 1-level MIS-
TLIF were included. Patients were separated into inpa-
tient/outpatient groups and demographically propensity
score matched. PROMs included visual analog scale (VAS)
back/VAS leg/Oswestry Disability Index (0DI)/12-item
Short Form Physical Composite Score (SF-12 PCS)/
Patient-Reported Outcomes Measurement Information
System Physical Function (PROMIS-PF) preoperatively and
6 weeks, 12 weeks, 6 months, and 1 year postoperatively.
Results were compared preoperatively and postoperatively
and between cohorts. Minimum clinically important dif-
ference (MCID) achievement was determined through
comparison with values established in the literature.

RESULTS: A total of 216 patients were included (184
inpatient). The inpatient cohort (IC) showed worse peri-
operative outcomes in multiple measures (P < 0.034; all).
The IC improved in all PROMs (P < 0.038; all), besides 0DI
at 6 weeks, SF-12 PCS at 6 weeks/6 months/1 year, and
PROMIS-PF at 6 weeks. The outpatient cohort (0C)

improved in VAS back at all time points and VAS leg at 6
months (P < 0.033; all). Between cohorts, the 0C showed
better scores with VAS leg/ODI/SF-12 PCS/PROMIS-PF at
multiple time points (P < 0.031; all). Most of the IC achieved
MCID, aside from ODI, whereas the OC achieved MCID in
SF-12 PCS. MCID achievement between cohorts was higher
in the IC at PROMIS-PF at 1 year and VAS back overall (P <
0.034; all).

CONCLUSIONS: Despite more comorbidities and worse
perioperative measures, the IC showed improved PROMs
from preoperative to >1 follow-up visit, whereas the 0C
had improvement with only VAS back and leg. The IC
showed multiple MCID achievements, whereas the 0C
showed MCID in only SF-12 PCS. These findings may help
guide a surgeon’s decision making between inpatient/
outpatient lumbar surgery in the WC population.

INTRODUCTION

ith increasing costs and complications associated with

s ; ‘ ) extended hospital stays, there has been a shift toward
performing spine surgery in an ambulatory setting.”

Between 1994 and 2000, outpatient surgery for spinal stenosis
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increased by 2000%."* Further, hospital costs associated with
lumbar fusion increased by 177% from 2004 to 2015, averaging
more than $50,000 per admission.> In conjunction with an
increasing emphasis on outpatient surgery, minimally invasive
transforaminal lumbar interbody fusion (MIS-TLIF) has emerged
as an approach suited for the ambulatory setting because of
decreased blood loss, length of stay (LOS), postoperative pain,
and narcotic use and decreased injury to the paraspinal muscles
compared with open TLIF.*°

The workers’ compensation (WC) population represents a
particularly vulnerable group to worse outcomes after spine sur-
gery.” One meta-analysis of WC patients undergoing spine surgery
found that these patients were associated with increased post-
operative pain and disability, with decreased satisfaction and
delayed return to work, relative to non-WC patients.” Furthermore,
these patients have been associated with higher postoperative and
chronic opioid use, increased risk of failed back syndrome and
additional surgery, and worse pain and disability relative to non-
WC patients.”®

With this emphasis on performing outpatient surgery and
increased risk in WC patients, further investigation may prove
beneficial in managing expectations and considering outcomes in
the ambulatory setting. Although there are previous studies
examining the outcomes of performing surgery in the ambulatory
setting, few articles have compared these outcomes in the WC
population.””* To do so, we analyzed a retrospective
single-surgeon database in WC patients undergoing 1-level
MIS-TLIF in the inpatient versus outpatient setting.

METHODS

Patient Population

Patient consent and institutional review board approval (ORA
number 14051301) were acquired before the current study. To
determine patients who were eligible for this study, retrospective
review of a single-surgeon database at an academic institution for
spinal procedures between November 2005 and December 2021
was used. Patients who were WC claimants undergoing single-
level MIS-TLIF in either the ambulatory or the inpatient setting
were included. Patients without the setting of surgery or with
diagnosis of trauma, malignancy, or infection were excluded from
the study.

Data Collection

In WC patients undergoing 1-level MIS-TLIF, patients were
grouped into inpatient and outpatient cohorts. Age, body mass
index (BMI, calculated as weight in kilograms divided by the
square of height in meters), gender, ethnicity, diabetic status,
smoking status, blood pressure, American Society of Anesthesi-
ologists (ASA) score, and Charlson Comorbidity Index were de-
mographic parameters collected in this study. After propensity
score matching for demographic characteristics, perioperative
characteristics of spinal diseases of degenerative and isthmic
spondylolisthesis, degenerative scoliosis, recurrent herniated nu-
cleus pulposus, and central and foraminal stenosis were collected.
Further perioperative characteristics of operative time, estimated

blood loss (EBL), LOS, and postoperative visual analog scale (VAS)
pain, and narcotic consumption were collected on postoperative
day o. Complications collected in this study were reintubation,
urinary retention, urinary tract infection, acute renal failure,
altered mental status, venous thromboembolism, pneumothorax,
pneumonia, atelectasis, pleural effusion, arrhythmia, ileus, nausea
and vomiting, hematoma, dysphagia, and fever of unknown
origin. Postoperative patient-reported outcome measures
(PROMs) of VAS back and leg, Oswestry Disability Index (ODI),
12-Item Short Form Physical Component Score (SF-12 PCS), and
Patient-Reported Outcomes Measurement Information System
Physical Function (PROMIS-PF) were collected at preoperative, 6
weeks, 12 weeks, 6 months, and 1 year time points.

Statistical Analysis

Using Stata 17.0 (StataCorp LLC, College Station, Texas, USA),
data were analyzed with a significance of P < o0.05. Inferential
statistics for demographic parameters were calculated, and pro-
pensity score matching was used to account for differences in
demographics and comorbidities between cohorts. After pro-
pensity score matching, perioperative characteristics and compli-
cations were determined through a Student t test for continuous
variables and ¥ for categorical variables. A paired t test was used
for preoperative improvement of PROMs, whereas a Student t test
was used for comparing mean PROMs between cohorts. Minimum
clinically important difference (MCID) achievement was deter-
mined by comparing APROM between preoperative and post-
operative time point scores to predetermined values in the
literature of VAS back = 2.1, VAS leg = 2.8, ODI = 14.9,"* SF-12
PCS = 2.5,"* and PROMIS-PF = 4.5.°

Review of the Literature: Search Strategy, Selection Criteria, Data
Extraction, and Findings

Studies examining WC claimants or comparing between WC and
non-WC claimants were focused in this review. Embase and
PubMed databases were searched through the PIO format of pa-
tient (P), intervention (I), and outcome (O) from January 2005 to
July 2022. The starting year 2005 was selected to coincide with the
start of data collection of the single-surgeon database used in this
study. This review aimed to answer the following question: how
are PROMs (O) affected in WC claimants (P) undergoing spine
surgery (I)? The full search string is in the Appendix. Inclusion
criteria included peer-reviewed randomized controlled trials,
prospective cohort, retrospective cohort, case series, and case-
control studies. Patients undergoing any type of elective spine
surgery, such as cervical/lumbar decompression, cervical disc
replacement, cervical fusion, and lumbar fusion, were included.
Additional inclusion criteria included clinical outcomes of PROMs
and MCID. Exclusion criteria included any conference abstracts,
conference papers, reviews, notes, editorials, non—journal arti-
cles, and studies unrelated to spine surgery. The initial search was
conducted independently by 2 reviewers (J.W.N. and T.J.H.). In
cases of disagreements, the 2 reviewers discussed the article until
a consensus was reached. Titles and abstracts were first examined,
followed by examination of the full-text articles. In reports
comparing WC versus non-WC claimants, the effect of WC on
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Table 1. Unmatched Patient Demographics

Inpatient Outpatient

Characteristic (N = 240) (N = 33) PValue*

Table 2. Matched Patient Demographics

Age (years), mean + SD 465 + 105 444 +78 0.285

Body mass index (kg/m?), 318 +61 292+41 0019

mean + SD

Gender 0.910
Female 22.1 (53) 212 (7)

Male 779 (187)  78.8 (26)

Ethnicity 0.062

African American 18.3 (44) 6.5(2)
Asian 1.3 (3) 0.0 (0)
Hispanic 27.1 (65 516 (16)
White 504 (121) 387 (12)

Other 29 (7) 32 (1)

Diabetic status 0.662
Nondiabetic 88.3 (212)  90.9 (30)

Diabetic 11.7 (28) 9.1(3)

Smoking status 0.068
Nonsmoker 732 (175)  87.9 (29)

Smoker 26.8 (64) 12.1 (4)

Blood pressure 0.020
Normotensive 63.6 (152)  84.4 (27)
Hypertensive 36.4 (87) 15.6 (5)

American Society of Anesthesiologists score 0.034
<2 81.2 (194)  96.7 (29)
>2 18.8 (45) 33(1)

Charlson Comorbidity Index (mean = SD) 15+ 14 09+12 0.059

Values are % (number) except where indicated otherwise. Bold values indicate
significance.

SD, standard deviation.

*P value calculated using Xz analysis for categorical variables or Student ¢ test for
continuous variables.

Inpatient Outpatient

Characteristic (N = 184) (N = 32) PValue*

Age (years), mean + SD 4504105 444 +79 0769

Body mass index (kg/m?), 302 £51 293 +42 0304

mean + SD

Gender 0.875
Female 20.7 (38) 219(7)

Male 794 (146)  78.1 (25)

Ethnicity 0.126

African American 16.3 (30) 6.7 (2)
Asian 1.6 (3) 0.0 (0)
Hispanic 299 (55)  53.3(16)
White 489 (90) 367 (11)

Other 3.3 1(6) 33(1)

Diabetic status 0.645
Nondiabetic 929 (171)  90.6 (29)

Diabetic 7.1 (13) 9.4 (3)

Smoking status 0.451
Nonsmoker 82.1 (151)  87.5(28)

Smoker 17.9 (33) 12.5 (4)

Blood pressure 0.511
Normotensive 79.4 (146) 84.4 (27)
Hypertensive 20.7 (38) 15.6 (5)

American Society of Anesthesiologists score 0.134
<2 86.9 (159)  96.6 (28)
>2 13.1 (24) 35(1)

Charlson Comorbidity Index (mean £SD) 1.1 £12 09+12 0456

Values are % (number) except where indicated otherwise. Bold values indicate
significance.

SD, standard deviation.

*P value calculated using xz analysis for categorical variables or Student ¢ test for
continuous variables.

clinical outcomes was recorded. In reports limiting patients to
only WC claimants, the primary outcomes of the measured vari-
ables were recorded.

RESULTS

Demographics, Perioperative Characteristics, and Complications
Before propensity score matching, there were 240 and 33 patients
undergoing single-level MIS-TLIF in the inpatient and outpatient
setting, respectively, totaling 277 patients. In the unmatched pa-
tient demographics (Table 1), the outpatient cohort was associated

with significantly lower BMI, diabetic status, hypertension, and
decreased ASA score. After propensity matching for
demographic characteristics and comorbidities, there were no
significant  differences between cohorts (Table 2). For
perioperative outcomes, the outpatient cohort was associated
with a higher proportion of patients with diagnosis of central
and foraminal stenosis (P < 0.021; all) and decreased EBL, LOS,
and postoperative VAS pain score and narcotic consumption (P
< 0.034; all) relative to the inpatient cohort (Table 3). However,
no significant differences were noted with diagnosis of
degenerative and isthmic spondylolisthesis, degenerative
scoliosis, and degenerative scoliosis and mean operative time
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Table 3. Matched Perioperative Characteristics

Table 4. Matched Postoperative Complications

Inpatient Outpatient P Inpatient (N = 184), Outpatient (N = 32), P
Characteristic (N = 184) (N =32) Value* Complication % (n) % (n) Value*
Spinal disease Reintubation 0.0 (0) 0.0 (0) —
Degenerative spondylolisthesis 34.2 (63) 43.8 (14) 0.300 Urinary retention 2.8 (5) 3.3(1) 0.882
Isthmic spondylolisthesis 17.4 (32) 31.3 (10) 0.068 Urinary tract 0.0 (0) 0.0 (0) —
Degenerative scoliosis 11(2) 0.0 (0) 0.554 [ufestion
Recurrent hemiation of the 27.2 (50) 28109 0911 e failure oY i) .
nucleus pulposus Altered mental 0.0 (0) 0.0 (0) —
Central stenosis 755 (139) 938(30)  0.021 ey
Foraminal stenosis 147 (27) 813 (26  <0.001 e g Ui o
thromboembolism
LReehelnelminutes) Pulmonary embolism 0.0 (0) 00 (0) u
Mean + SD 1227 £ 357 1261 +£21.7 0614 T 00 (0] 0.0 (0] i
Estimated blood | L
sl Wt 1B Pneumonia 00 (0) 00 (0) L
<
Mean + SD 58.0 + 27.3 38.0 +£ 223 <0.001 e~ 160) 0.0 (0) 0.481
Length of stay hours| Pleural effusion 0.0 (0) 0.0 (0) i
<0.
Mean + SD 506 + 226 47 +15 0.001 P e 00 (0) 0.0 (0) i
Acute postoperative visual analog scale pain lleus 00 (0] 0.0 (0) -
POD 9+ 1 49 + 2. .034
. : . . B i N " L Nausea/vomiting 17.9 (33) 0.0 (0) 0.012
Postoperative narcotic consumption L~ 00 (0) 0.0 (0) e
<0. :
POD 0 1196 £ 817 235+ 174 <0.001 [ 00 (0) 0.0 (0) i
Values are % (number) except where indicated otherwise. Bold values indicate Fever of unknown 656 (11) 0.0(0) 0.148
significance. origin
SD, standard deviation; POD, postoperative day of discharge.
*P value calculated using xz analysis for categorical variables or Student ¢ test for Bold values indicate significance.
continuous variables. *P values calculated using %2 analysis.

(Table 3). For complications, the inpatient cohort was associated
with a significantly higher rate of nausea and vomiting (P =
0.012) compared with the outpatient cohort (Tabhle 4). There
were no significant differences between cohorts for the
complications reintubation, urinary retention, urinary tract
infection, acute renal failure, altered mental status, venous
thromboembolism, pulmonary embolism, pneumothorax,
pneumonia, atelectasis, pleural effusion, arrhythmia, ileus,
hematoma, dysphagia, or fever of unknown origin (Table 4).

Primary Outcome Measures

From preoperative baseline, both cohorts were associated with
significant improvement in postoperative follow-up in VAS back
and leg score (Figure 1) from 6 weeks to 6 months follow-up in the
inpatient cohort and 6 weeks to 1 year follow-up in the outpatient
cohort (P < 0.033; all) (Table 5). The inpatient cohort was
associated with significant preoperative improvement from
preoperative baseline with ODI (Figure 2) from 12 weeks to 1
year, SF-12 PCS (Figure 3) at 12 weeks, and PROMIS-PF
(Figure 3) from 12 weeks to 1 year (P < 0.038), whereas the
outpatient cohort had no significant difference from

preoperative baseline in the PROMs ODI SF-12 PCS, and
PROMIS-PF at any time point (Table 5). Between cohorts, the
outpatient cohort was associated with decreased VAS leg
(Figure 1) scores at 1 year and ODI (Figure 2) at preoperative
and 12 weeks time points (P < 0.031; all) (Table 5). Further, the
outpatient cohort was associated with higher SF-12 PCS
(Figure 3) at 6 weeks visit and preoperative PROMIS-PF (Figure 3)
(P <0.028; all) (Table 5). For MCID achievement, the inpatient
cohort had most patients achieve overall MCID for all PROMs
aside from ODI, whereas the outpatient cohort had most
patients achieve MCID in only SF-12 PCS (Table 6). The
inpatient cohort had more patients achieve MCID for PROMIS-
PF at 1 year (P = 0.034) relative to the outpatient cohort (Table 6).

Review of the Literature

A total of 150 studies were identified in the Embase and PubMed
databases (Figure 4). Fifty-five records were excluded before
reviewing the title or abstracts, because these records were du-
plicates, conference abstracts, conference papers, reviews, notes,
or editorials. Ninety-five titles and abstracts were screened, with
61 exclusions. These records were excluded, because these studies
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Figure 1. Mean and standard deviation pain scores of
back and leg over time represented by (A) visual analog
scale (VAS) back and (B) visual analog scale leg from

12 weeks
Time point

6 months 1 year

preoperative to 1 year time points, where * indicates
P < 0.05 between cohorts.

were not related to spine surgery, were not surgical, or had no
PROMs. Thirty-four full-text studies were examined for eligibility,
and 8 reports were excluded. These reports were excluded,
because the WC claimants were accounted for only in the preop-
erative time point, the full-text was not available, the patient
population was not WC claimants, or the study was not surgical.
Of the 26 remaining studies, 3 limited the patient population to
only WC claimants (Table 7). These studies examined the effect of
anterior cervical discectomy and fusion versus cervical disc
replacement, time to surgery and symptom duration, and the
severity of obesity on clinical outcomes (Table 7)."°"® In 23
studies, WC claimants were incorporated as a variable in regres-
sion analysis or were used to stratify patient groups to analyze the
effect of WC status on clinical outcomes (Table 7).*#" In analyzing
the effect of WC status, 1 study in patients undergoing TLIF re-
ported that WC status did not significantly affect postoperative
VAS pain score.”® In the remaining 22 studies, WC status was
either a negative predictor or had worse outcomes in physical
function, pain, disability, mental function, postoperative
satisfaction, or MCID achievement,'9>?74

DISCUSSION

In this analysis, perioperative characteristics, complications, and
postoperative outcomes were compared in the WC patients un-
dergoing primary single-level MIS-TLIF in either the inpatient or the
outpatient setting. After propensity score matching with respect to
demographic information, the outpatient cohort was associated
with a higher proportion of diagnosis for central and foraminal
stenosis, whereas the inpatient cohort was associated with greater
EBL, LOS, postoperative pain, postoperative narcotic use, and
nausea/vomiting. The inpatient cohort was associated with
improvement from preoperative baseline in all PROMs in >1 time
point, with most patients achieving MCID, the threshold at which
patients experience a noticeable clinical difference,”™ in all
PROMs aside from ODI. The outpatient cohort was associated with
improvement in VAS back score at all time points and VAS leg score
at 6 months, with most WC claimants achieving overall MCID only
in SF-12 PCS. Between cohorts, the outpatient cohort was associated
with less leg pain at 1 year, decreased preoperative and 1-year
disability, and increased preoperative and 6-week physical func-
tion, whereas the inpatient cohort was associated with higher
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Table 5. Matched Impact of Inpatient Versus Outpatient Setting on Patient-Reported Outcome Measures

Patient-Reported Outcome Measure Inpatient (Mean + SD) P Value* Outpatient (Mean - SD) P Value* P Value
VAS back
Preoperative 70+ 19 — 6.7 + 23 — 0.500
6 weeks 50+ 23 <0.001 56 £17 0.001 0.258
12 weeks 50+ 24 <0.001 50+ 19 0.021 0.993
6 months 48 +£25 <0.001 53 +26 0.033 0.419
1 year 55+ 27 0.064 42 £26 0.017 0.183
VAS leg
Preoperative 6.1 +29 — 53+30 — 0.229
6 weeks 47 £33 0.001 42 £29 0.096 0.550
12 weeks 46 +27 <0.001 30+27 0.114 0.054
6 months 43 +27 <0.001 35+128 0.010 0.244
1 year 46 +30 0.022 20+£19 0.060 0.018
Oswestry Disability Index
Preoperative 52.1 + 16.4 = 442 + 141 = 0.031
6 weeks 512 + 182 0.673 472 £+ 16.2 0.400 0.390
12 weeks 46.5 + 16.0 0.002 364 £+ 112 0.170 0.027
6 months 40.7 £ 191 <0.001 373 +£17.8 0.064 0.468
1 year 446 + 240 0.004 30.0 £+ 16.3 0.116 0.075
12-item Short Form Physical Composite Score
Preoperative 279 £ 103 = 303 £ 59 — 0.298
6 weeks 264 + 6.7 0.900 314+78 0.297 0.028
12 weeks 293+ 77 0.038 310+78 0.550 0.502
6 months 310+73 0.064 33.1 £ 101 0.390 0.437
1 year 326 £ 117 0.253 36.5 + 12.3 0.437 0.489
Patient-Reported Outcomes Measurement Information System Physical Function
Preoperative 316 +£49 — 364 £ 64 — 0.012
6 weeks 320 +57 0.135 321 +58 0.381 0.964
12 weeks 375+ 74 0.007 369+ 76 0.869 0.825
6 months 389+ 77 <0.001 398 +£83 0.211 0.774
1 year 389 + 83 0.002 412 + 89 0.944 0.568

Bold values indicate significance.
SD, standard deviation; VAS, visual analog scale.

*P values calculated using paired-samples t test to determine improvement in patient-reported outcome measures.
1P values calculated using Student ¢ test for independent samples to compare patient-reported outcome measures between groups.

achievement of MCID for PROMIS-PF at 1 year and overall VAS back
score. Overall, these findings suggest that the outpatient cohort was
associated with improved perioperative outcomes, decreased pain
and disability, and increased physical function at specific time
points, whereas the inpatient cohort had most patients achieve
meaningful clinical improvement in pain and physical function.
Consistently throughout the literature, WC claimants report
inferior clinical outcomes in spine surgery.”* WC claimants

typically report worse physical function, mental function, pain,
disability, and postoperative satisfaction compared with non-WC
patients.”#" Further, WC status was generally an independent
predictor of negative clinical outcomes of disability, pain, and
physical function.”*" Because this population is susceptible to
worse clinical outcomes, use of the ambulatory surgical setting for
spine surgery may reduce health care use and may prove helpful in
managing expectations for WC claimants.” Thus, it is imperative
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Figure 2. Mean and standard deviation disability scores (ODI) over time from preoperative to 1 year time
over time represented by Oswestry Disability Index points, where * indicates P < 0.05 between cohorts.

to identify whether WC claimants undergoing ambulatory spine
surgery see similar postoperative benefit to their inpatient
counterparts.

Demographics, Perioperative Characteristics, and Complications
Before propensity score matching, patients undergoing single-
level MIS-TLIF in the outpatient setting were associated with
decreased BMI, diagnosis of hypertension, and ASA score.
Further, smoking status and Charlson Comorbidity Index trended
toward significance. These findings concur with previous
studies.*”* In 1 study of 18,689 patients undergoing lumbar
decompression,** patients who underwent surgery in the
outpatient setting were associated with decreased BMI, smoking
status, ASA class, and diagnosis of diabetes and chronic
obstructive pulmonary disease. The presence of these
comorbidities has been associated with conversion of outpatient
surgery to inpatient admission.*> One practice*® recommended
specific criteria, such as decreased ASA class, lower BMI,
clearance from a general practitioner, and close proximity to the
surgical center, as recommendations before performing surgery
in the ambulatory setting. Consequently, surgeons may be more
cautious and may select patients with higher comorbidities to
undergo surgery in the inpatient setting.

After propensity score matching, perioperative characteristics
that differed significantly between cohorts were diagnosis of
central and foraminal stenosis, EBL, LOS, postoperative pain, and
postoperative narcotic use. Specifically, the WC outpatient cohort
undergoing 1-level MIS-TLIF were associated with more patients
with diagnosis of central and foraminal stenosis compared with
the inpatient cohort. However, the inpatient cohort was associated
with greater EBL, LOS, postoperative pain, and narcotic use.
Further, these patients had a higher proportion of patients expe-
riencing nausea and vomiting relative to the outpatient cohort.
Previous articles studying ambulatory lumbar spine surgery have
found similar findings with respect to increased EBL and
LOS.9447 Further, postoperative pain and nausea/vomiting are

the most common symptoms after surgery and have been asso-
ciated factors that preclude discharge and extend LOS.** 5" These
symptoms have been also correlated with increased opioid use,
suggesting that the combination of these factors may extend LOS
and require further inpatient management.>* These factors may be
particularly relevant to WC claimants, because this population has
previously been associated with higher rates of chronic opioid use
and more severe postoperative pain, contributing to delay in
return to work and worse outcomes.”>® Identifying WC
claimants who would have decreased risk in undergoing surgery
in the ambulatory setting may prove beneficial in minimizing
these perioperative factors.

Pain

VAS back and VAS leg represent a pain from o to 10. In VAS back,
both cohorts undergoing 1-level MIS-TLIF experienced significant
improvement from preoperative scores at all time points, apart from
the inpatient cohort at 1 year. However, for VAS leg, the inpatient
cohort was associated with improvement from preoperative leg
pain, whereas the outpatient cohort had improvement only at 6
months. For MCID, most patients in the inpatient cohort achieved
overall MCID for both VAS back and leg, whereas less than half of
patients achieved MCID in the outpatient cohort overall. Further-
more, the inpatient cohort was associated with a significantly
higher proportion of patients achieving MCID relative to the inpa-
tient cohort. As a procedure to reduce symptoms from neural
compression, MIS-TLIF has previously shown significant improve-
ment in back and leg pain in the postoperative period.”*> One
possible explanation for the lack of improvement in the outpatient
cohort for VAS leg and differences in MCID was the lack of power in
this group, because this cohort had 32 patients in the analysis
relative to the 184 patients in the inpatient cohort. This finding is
further supported by these VAS leg scores in the outpatient cohort
trending toward significant improvement from preoperative base-
line and that this cohort was associated with decreased VAS leg
score at 1 year. Regardless, these findings overall suggest that WC
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claimants undergoing 1-level MIS-TLIF in either the inpatient or the
outpatient setting improve in their back and leg pain at some point
in their postoperative course. However, further investigation is
necessary, because WC claimants have been associated with higher
postoperative  pain and decreased improvement after
intervention.”">#

Disability

ODI represents a measure of disability in patients with low back
pain. In the inpatient cohort, there was a significant improvement
in ODI from 6 weeks to 6 months. Although the outpatient cohort
trended toward improvement in disability from 12 weeks to 1 year,
there was no significant improvement at these time points. How-
ever, the outpatient cohort had significantly less disability
compared with the inpatient cohort at preoperative and 12-week
time points. For MCID achievement, fewer than half of patients
in both cohorts achieved overall MCID in ODI. Previous studies of
patients undergoing lumbar spine surgery have shown similar
findings in disability outcomes.**® One study of 70 patients
undergoing lateral lumbar interbody fusion in either the hospital

or the ambulatory setting found that patients in the ambulatory
cohort had no significant improvement in disability from
preoperative scores, but there was an association with improved
disability postoperatively between cohorts.*° These findings
suggest that WC claimants undergoing surgery in the ambulatory
setting had less disability before surgery, with continuation of
decreased disability postoperatively. Consequently, the outpatient
cohort trended toward less clinically meaningful change in
disability. In addition, this analysis may be limited because of the
power of the outpatient cohort, potentially limiting the effect
between surgery settings. Because the WC population has also
been associated with increased disability compared with non-WC
patients, further analysis may elucidate this relationship.”*>#"

Physical Function

PROMIS-PF and SF-12 PCS are questionnaires to evaluate physical
function in patients. In the inpatient cohort, WC claimants were
associated with improved SF-12 PCS and PROMIS-PF at 6 months
follow-up and from 12 weeks to 1 year follow-up, respectively, with
most patients achieving overall MCID in both PROMs. For the
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Table 6. Matched Minimum Clinically Important Difference Achievement

Patient-Reported Outcome Measure Inpatient, % (n) Outpatient, % (n) P value*
Oswestry Disability Index
6 weeks 203 (12) 5.6 (1) 0.143
12 weeks 27.8 (15) 28.6 (4) 0.953
6 months 41.4 (24) 36.8 (7) 0.726
1 year 47.8 (11) 11.1(1) 0.054
Overall 43.9 (29) 36.0 (9) 0.493
Patient-Reported Outcomes Measurement Information System Physical Function
6 weeks 35.0 (7) 16.7 (1) 0.393
12 weeks 444 (8) 25.0 (2) 0.347
6 months 67.7 (12) 429 (3) 0.275
1 year 67.7 (10) 0.0 (0) 0.034
Overall 70.4 (19) 455 (5) 0.149
12-item Short Form Physical Composite Score
6 weeks 32.1(9) 333 (4) 0.941
12 weeks 51.9 (14) 18.2 (2) 0.057
6 months 435 (10) 455 (5) 0914
1 year 57.1 (12) 50.0 (2) 0.792
Overall 66.7 (26) 55.6 (10) 0.419
VAS back
6 weeks 41.2 (83) 389 (7) 0.852
12 weeks 42.4 (61) 50.0 (7) 0.582
6 months 43.1 (62) 29.4 (5) 0.280
1 year 36.4 (8) 44.4 (4) 0.675
Overall 64.0 (103) 40.0 (10) 0.022
VAS leg
6 weeks 36.4 (20) 353 (6) 0.936
12 weeks 352 (19) 30.8 (4) 0.091
6 months 386 (22) 50.0 (8) 0.413
1 year 27.3 (6) 55.6 (5) 0.135
Overall 54.0 (34) 3759 0.170
Bold values indicate significance.
VAS, visual analog scale.
*Pvalues calculated using %7 analysis.

outpatient cohort, there was no significant improvement from
baseline at any time point with either PROM, and most WC
claimants achieved MCID only in SF-12 PCS. Between cohorts, the
outpatient cohort was associated with significantly higher SF-12
PCS at 6 weeks compared with the inpatient cohort, and the
inpatient cohort had a higher proportion of WC claimants achieve
MCID at 1 year follow-up. These findings suggest that WC
claimants in the outpatient setting were associated with greater

physical function before their procedure, and therefore, were less
likely to benefit in meaningful clinical improvement after their
procedure. However, these physical function outcome measures
have previously been correlated with ODI and VAS score.>”*
Similar to pain and disability patient outcome measures, these
physical function outcome measures may be limited by the
number of WC claimants in the outpatient setting, prompting
further investigation.”"#'
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Figure 4. Search flow diagram.

Limitations

This study has several limitations. Because this analysis used a
retrospective, single-surgeon database undergoing 1-level MIS-TLIF,
generalizability and external validity are limited. Further, retrospec-
tive analysis precludes causality for the effect of undergoing surgery in
the ambulatory setting rather than the hospital. In addition, the
number of WC claimants in the outpatient cohort had 32 patients after
matching, compared with the 184 patients undergoing single-level
MIS-TLIF as inpatients. The outpatient cohort had limited power,
as noted in multiple PROMs that trended to significance. This situ-
ation is further limited through loss of patient follow-up, which may
introduce selection bias. Furthermore, PROMs are inherently sub-
jective and are susceptible to response bias. Because the effect of WC
status has been associated with effects of worse mental health in
addition to increased pain and decreased disability, further investi-
gation into the effect of mental health in WC patients in this

procedure may provide a more complete analysis.”"*#" In addition,
external validity and generalizability may be improved through
analysis with multiple surgeons at different centers.

CONCLUSIONS

In WC claimants undergoing single-level MIS-TLIF in either the
inpatient or outpatient setting, claimants in the inpatient setting
were associated with higher BMI, diagnosis of hypertension, and
higher ASA classification. After propensity score matching, this
cohort was associated with higher EBL, LOS, postoperative pain,
and narcotic use, decreased diagnosis of central and foraminal
stenosis, and higher amounts of nausea/vomiting. The inpatient
cohort was associated with significant improvement from preop-
erative function in back and leg pain, disability, and physical
function in most time points, with meaningful clinical difference in
most patients apart from disability. Outpatient WC claimants were
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Table 7. List of Studies with Country, Study Type, Number of Patients, Follow-Up Time, Procedure, and Impact of Workers” Compensation

Status or Major Finding of Workers" Compensation Study

Number
of Follow-
Study Country Study Type Patients Up Procedure Impact of WC Status or Major Finding of WC Study
Trief et al.,  United  Prospective 160 2 years Lumbar fusion WC negatively associated with postoperative VAS pain and ODI
2006" States  case-control
Steinmetz United Randomized 1004 2 years CDR or ACDF WC claimants had lower NDI scores in CDR rather than ACDF
et al, 2008'° States  controlled
trial

Carreon United  Prospective 489 2 years Lumbar fusion WC claimants had waorse significantly worse ODI and had less improvement in
etal, 2009 States  cohort SF-36 PCS
Anderson United Retrospective 488 2 years ACDF WC status was a negative predictor of overall success defined as >15-point
et al, 2009°"  States cohort NDI improvement, maintained/improved neurologic examination result, no

serious adverse event related to the procedure, and no revision of plate/graft
Carreon United Retrospective 783 2 years  Posterolateral lumbar ~ WC claimants had worse ODI, SF-36 PCS, and MCID achievement for SF-36
et al., 2010” States case-control fusion PCS
Kong et al.,  Korea Retrospective 629 <1 month  Lumbar spinal fusion 0DI was significantly worse with presence of WC status
20107 cross- to >1

sectional year
Djurasovic United Retrospective 171 2 years Lumbar spinal fusion WC claimants negatively affected MCID achievement for SF-36 PCS
etal, 2011 States cohort
Rouben et al., United Retrospective 169 36—60 MIS-TLIF WC claimants improved less in ODI and VAS pain scores compared with non-
20117 States cohort months WC patients
Pelton et al, United  Prospective 66 6 months ~ Open transforaminal WC status did not significantly affect VAS pain scores
2012% States cohort lumbar interbody fusion or
MIS-TLIF
Gum et al.,  United Retrospective 74 2 years Lumbar fusion WC claimants reported less improvement in back pain, leg pain, and 0DI, with
20137 States ~ case-control less substantial clinical benefit achieved in back and leg pain
Chatha et al., Australia Prospective 286 2 years ALIF, anterior lumbar ~ WC claimants reported inferior postoperative VAS back/leg pain, ODI, SF-36
20148 cohort artificial disc implant, or PCS, and 36-ltem Short Form Mental Component Score
hybrid

Tabaraee United Retrospective 352 6 months ACDF WC claimants reported significantly inferior VAS pain scores

et al, 2015”° States cohort

McGirt et al., United Retrospective 7,618 1 year Lumbar spine surgery  Presence of WC status predicted negative ODI, EuroQol-5D, numeric rating

2017%° States  case-control scale back pain, and numeric rating scale leg pain outcomes

Phan et al., Australia Prospective 114 1 year ALIF WC claimants reported similar improvement and MCID achievement of SF-12

2017 cohort PCS, 12-ltem Short Form Mental Component Score, and ODI compared with
non-WC claimants

Hijji et al., United Retrospective 165 1 year MIS-TLIF WC status was a negative independent risk factor for MCID achievement for

2018% States cohort VAS back

Asher et al., United Retrospective 4,148 1 year ACDF WC status negatively predicted 1 year North American Spine Society

2019% States  case-control satisfaction

Sivaganesan  United Retrospective 34,076 1 year Elective spine surgery WC status positively predicted 1 year dissatisfaction

et al, 2020* States  case-control

Archer et al., United Retrospective 4,988 1year  Cervical spine surgery WC claim predicted worse NDI, NRS neck pain, and NRS arm pain

2020% States  case-control

WC, workers’ compensation; VAS, visual analog scale; ODI, Oswestry Disability Index; CDR, cervical disc replacement; ACDF, anterior cervical discectomy and fusion; NDI, Neck Disability Index;
SF-36 PCS, 36-Item Short Form Physical Component Score; MCID, minimum clinically important difference; MIS-TLIF, minimally invasive transforaminal lumbar interbody fusion; ALIF, anterior
lumbar interbody fusion; SF-12 PCS, 12-Item Short Form Physical Component Score; PROMIS-PF, Patient-Reported Outcomes Measurement Information System Physical Function.

*Follow-up from postoperative day 0 to day of discharge. Continues
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Table 7. Continued

et al, 2022'° States cohort

Patel et al.,  United Retrospective 169

Number
of Follow-

Study Country Study Type Patients Up Procedure Impact of WC Status or Major Finding of WC Study
Jenkins United Retrospective 255 i MIS-TLIF WC status was independently associated with greater inpatient pain after
et al,, 2020%° States  case-control MIS-TLIF
Yoo et al., United Retrospective 124 1 year ACDF WC claimants showed significantly inferior postoperative PROMIS-PF
2020% States cohort compared with non-WC claimants
Budiono Australia Retrospective 68 >8 ALIF WC status negatively predicted probability of a clinical success, where clinical
et al,, 2021° cohort months success was an ODI improvement of >20 points
Cha et al., United Retrospective 139 1 year ACDF WC claimants reported worse VAS arm, VAS neck, NDI, SF-12 PCS, and
20219 (WC  States cohort PROMIS-PF. WC claimants had lower MCID achievement rates for VAS arm,
ACDF) VAS neck, and NDI
Karamian United Retrospective 571 1year  Lumbar decompression WC was a negative independent predictor of SF-12 PCS, VAS back, and VAS

2 years Minimally invasive lumbar Body mass index was not a predictor of postoperative physical health, pain, or

2022" States cohort decompression
Patel et al.,  United Retrospective 193 6 months MIS-TLIF
2022'® States cohort

Cha et al., United Retrospective 121 1 year MIS-TLIF
2022" States cohort

leg scares

disability in WC claimants

Time to surgery and duration of symptoms had no effect on clinical outcomes
in WC claimants

WC claimants showed worse VAS back, VAS leg, 0DI, SF-12 PCS, and
PROMIS-PF. MCID achievement for WC claimants for VAS back, ODI, SF-12
PCS, and PROMIS-PF was lower compared with non-WC patients

*Follow-up from postoperative day 0 to day of discharge.

WC, workers’ compensation; VAS, visual analog scale; ODI, Oswestry Disability Index; CDR, cervical disc replacement; ACDF, anterior cervical discectomy and fusion; NDI, Neck Disability Index;
SF-36 PCS, 36-Item Short Form Physical Component Score; MCID, minimum clinically important difference; MIS-TLIF, minimally invasive transforaminal lumbar interbody fusion; ALIF, anterior
lumbar interbody fusion; SF-12 PCS, 12-Item Short Form Physical Component Score; PROMIS-PF, Patient-Reported Outcomes Measurement Information System Physical Function.

associated with significant preoperative improvement in back and
leg pain at certain time points, with most claimants achieving
MCID in only SF-12 PCS. The outpatient cohort was associated with
decreased leg pain and disability, with improved physical function,
whereas the inpatient cohort noted greater meaningful clinical
improvement in physical function and back pain. These findings
may be useful for surgeons managing expectations in outcomes for
WC claimants undergoing lumbar surgery and for selecting whether
these patients would benefit from an outpatient setting.
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APPENDIX

(‘compensation, workman’/exp OR ’compensation, workman’ OR
"worker compensation’/exp OR ’worker compensation’ OR ’workers
compensation’/exp OR ’workers compensation’ OR ’‘workers’
compensation’/exp OR ’workers® compensation’ OR ’'workman
compensation’/exp OR ’workman compensation’ OR ’workmen
compensation’/exp OR ’workmen compensation’ OR ’workmen" s
compensation’/exp OR 'workmen" s compensation’) AND (’cervical
spine surgery’/exp OR ’cervical spine surgery’ OR ’spinal surgery’/
exp OR ’spinal surgery’ OR ’spine surgery’/exp OR ’spine surgery’
OR ’lower lumbar spinal cord’/exp OR ’lower lumbar spinal cord’
OR ’lumbar canal’/exp OR ’lumbar canal’ OR ’lumbar spinal
segment’/exp OR ’lumbar spinal segment’ OR ’lumbar spine’/exp
OR ’lumbar spine’ OR ’lumbar vertebral column’/exp OR ’lumbar
vertebral column’ OR ’spina lumbalis’/exp OR ’spina lumbalis’ OR
’spine, lumbar’/exp OR ’spine, lumbar’ OR ’acapella one’/exp OR
’acapella one’ OR ’axialif /exp OR ’axialif OR ’axle (intervertebral
body fusion device)’/exp OR ’axle (intervertebral body fusion de-
vice)’ OR ’battalion pc’/exp OR ’battalion pc’ OR ’battalion ps’/exp
OR ’battalion ps’ OR ’capstone peek’/exp OR ’capstone peek’ OR
"capstone ptc’/exp OR ’capstone ptc’ OR ’clydesdale ptc’/exp OR
"clydesdale ptc’ OR ’construx mini peek’/exp OR ’construx mini
peek’ OR ’construx mini ptc’/exp OR ’construx mini ptc’ OR
’construx mini ti’/exp OR ’construx mini ti’ OR ’capstone control’/
exp OR ’capstone control’ OR ’capstone control ptc’/exp OR
"capstone control ptc’ OR ’cedar (intervertebral body fusion device)’/
exp OR ’cedar (intervertebral body fusion device)’ OR ’cespace’/exp
OR ’cespace’ OR ’coroent’/exp OR ’coroent’” OR ’coalesce (inter-
vertebral body fusion device)’/exp OR ’coalesce (intervertebral body
fusion device)’ OR ’echo tinano plif'/exp OR ’echo tinano plif OR
’echo xl tinano olif/exp OR ’echo xI tinano olif OR ’elm (inter-
vertebral body fusion device)'/exp OR ’elm (intervertebral body
fusion device)’ OR ’forza peek’/exp OR ’forza peek’ OR ’forza ptc’/
exp OR ’forza ptc’ OR ’forza ti’/exp OR ’forza ti’ OR ’forza xp’/exp
OR ’forza xp’ OR ’identiti-alif Iw’/exp OR ’identiti-alif Iw’ OR
‘identiti-alif sw’/exp OR ’identiti-alif sw’ OR ’identiti-c’/exp OR
’identiti-c’ OR ’identiti-lif /exp OR ’identiti-lif OR ’identiti-pc’/exp
OR ’identiti-pc’ OR ’identiti-po’/exp OR ’identiti-po’ OR ’identiti-
ps’/exp OR ’identiti-ps’ OR ’idys -alif tivac’/exp OR ’idys -alif tivac’
OR ’impix alif/exp OR ’impix alif OR ’impix dlif'/exp OR ’impix
dlif OR ’impix manta’/exp OR ’impix manta’ OR ’impix tlif/exp
OR ’impix tlif OR ’lonestar (intervertebral body fusion device)’/exp
OR ’lonestar (intervertebral body fusion device)’ OR ’'midline ii’/exp
OR ’midline ii’ OR ’novel als’/exp OR ’novel als’ OR ’novel cis’/exp
OR ’novel cis’ OR "novel sd’/exp OR "novel sd’ OR ’novel xs’/exp OR
‘novel xs’ OR ’pillar peek’/exp OR ’pillar peek’ OR ’pillar sa peek’/
exp OR ’pillar sa peek’ OR ’pillar sa ptc’/exp OR ’pillar sa ptc’ OR
‘pegasus (intervertebral body fusion device)’/exp OR ’pegasus
(intervertebral body fusion device)’ OR ’roi-a’/exp OR ’roi-a” OR
’roi-a oblique’/exp OR ’roi-a oblique’ OR ’roi-c’/exp OR ’roi-c’ OR
‘romeo 2 pad’/exp OR ’romeo 2 pad’ OR ’skyhawk (intervertebral
body fusion device)’/exp OR ’skyhawk (intervertebral body fusion
device)’ OR ’solus’/exp OR ’solus’ OR ’staxx’/exp OR ’staxx’ OR ’t2
sceptor (intervertebral body fusion device)’/exp OR ’t2 sceptor
(intervertebral body fusion device)’ OR ’tm ardis’/exp OR ’tm ardis’
OR ’tetris 8'/exp OR ’tetris 8 OR ’tibow’/exp OR ’tibow’ OR

‘trabecular metal ardis’/exp OR ’trabecular metal ardis’ OR ’tran-
scend lif/exp OR ’transcend lif OR ’tspace peek’/exp OR ’tspace
peek’ OR ’walnut (intervertebral body fusion device)’/exp OR
'walnut (intervertebral body fusion device)’ OR ’zero-p’/exp OR
"zero-p’ OR ’zero-p va’/exp OR ’zero-p va’ OR ’interbody fusion
device’/exp OR ’interbody fusion device’ OR ’intervertebral body
fusion device’/exp OR ’intervertebral body fusion device’ OR ’metal-
polymer composite spinal fusion cage’/exp OR ’metal-polymer
composite spinal fusion cage’ OR ’metallic spinal fusion cage’/exp
OR ’metallic spinal fusion cage’ OR ’metallic spinal fusion cage,
non-sterile’/exp OR ’'metallic spinal fusion cage, non-sterile’ OR
‘metallic spinal fusion cage, sterile’/exp OR ’metallic spinal fusion
cage, sterile’ OR ’'non-sterile metallic spinal fusion cage’/exp OR
‘non-sterile metallic spinal fusion cage’ OR ’non-sterile polymeric
spinal fusion cage’/exp OR ’non-sterile polymeric spinal fusion
cage’ OR ’polymeric spinal fusion cage’/exp OR ’polymeric spinal
fusion cage’ OR ’polymeric spinal fusion cage, non-sterile’/exp OR
’polymeric spinal fusion cage, non-sterile’ OR ’polymeric spinal
fusion cage, sterile’/exp OR ’polymeric spinal fusion cage, sterile’
OR ’spinal cage’/exp OR ’spinal cage’ OR ’spinal fusion cage’/exp
OR ’spinal fusion cage’ OR ’spinal fusion cages’/exp OR ’spinal
fusion cages’ OR ’spinal interbody fusion cages’/exp OR ’spinal
interbody fusion cages’ OR ’sterile metallic spinal fusion cage’/exp
OR ’sterile metallic spinal fusion cage’ OR ’sterile polymeric spinal
fusion cage’/exp OR ’sterile polymeric spinal fusion cage’ OR
'vertebral body fusion device’/exp OR ’vertebral body fusion device’
OR ’cervical arthroplasty’/exp OR ’cervical arthroplasty’ OR ’dorsal
spine fusion’/exp OR ’dorsal spine fusion’ OR ’fusion, spine’/exp
OR ’fusion, spine’ OR ’spinal fusion’/exp OR ’spinal fusion’ OR
’spine fusion’/exp OR ’spine fusion’ OR ’spine interbody fusion’/
exp OR ’spine interbody fusion’ OR ’spondylosyndesis’/exp OR
’spondylosyndesis’ OR ‘vertebral condensation’/exp OR ’vertebral
condensation’ OR ’vertebral fusion’/exp OR ’vertebral fusion’ OR
"acdf method’/exp OR ’acdf method’ OR ’acdf procedure’/exp OR
"acdf procedure’ OR ’acdf surgery’/exp OR ’acdf surgery’ OR ’acdf
technique’/exp OR ’acdf technique’ OR ’anterior cervical disc fusion
(acdf)’/exp OR ’anterior cervical disc fusion (acdf)’ OR ’anterior
cervical disc fusion surgery (acdf)’/exp OR ’anterior cervical disc
fusion surgery (acdf)’ OR ’anterior cervical discectomy (acdf)’/exp
OR ’anterior cervical discectomy (acdf)’ OR ’anterior cervical dis-
cectomy (acdf) and fusion’/exp OR ’anterior cervical discectomy
(acdf) and fusion’ OR ’anterior cervical discectomy and cage
fusion’/exp OR ’anterior cervical discectomy and cage fusion’ OR
"anterior cervical discectomy and fusion’/exp OR ’anterior cervical
discectomy and fusion’ OR ’anterior cervical discectomy and fusion
(acdf)’/exp OR ’anterior cervical discectomy and fusion (acdf)’ OR
"anterior cervical discectomy and fusion (acdf) procedure’/exp OR
"anterior cervical discectomy and fusion (acdf) procedure’ OR
"anterior cervical discectomy and fusion (acdf) surgery’/exp OR
"anterior cervical discectomy and fusion (acdf) surgery’ OR ’anterior
cervical discectomy and fusion procedure’/exp OR ’anterior cervical
discectomy and fusion procedure’ OR ’anterior cervical discectomy
and fusion surgery’/exp OR ’anterior cervical discectomy and fusion
surgery’ OR ’anterior cervical discectomy and fusion technique’/exp
OR ’anterior cervical discectomy and fusion technique’ OR ’anterior
cervical discectomy fusion’/exp OR ’anterior cervical discectomy

WORLD NEUROSURGERY 167: E251-E267, Novemeer 2022

WWW.JOURNALS.ELSEVIER.COM/WORLD-NEUROSURGERY E265

Downloaded for Anonymous User (n/a) at Nova Southeastern University from ClinicalKey.com by Elsevier on June 14,
2023. For personal use only. No other uses without permission. Copyright ©2023. Elsevier Inc. All rights reserved.


www.journals.elsevier.com/world-neurosurgery

JAMES W. NIE ET AL.

ORIGINAL ARTICLE

INPATIENT VERSUS OUTPATIENT WC 1-LEVEL TLIF PROM

fusion’ OR ’anterior cervical discectomy with cage fusion’/exp OR
"anterior cervical discectomy with cage fusion’ OR ’anterior cervical
discectomy with fusion’/exp OR ’anterior cervical discectomy with
fusion’ OR ’anterior cervical diskectomy and fusion’/exp OR
’anterior cervical diskectomy and fusion’ OR ’anterior cervical dis-
kectomy and fusion procedure’/exp OR ’anterior cervical dis-
kectomy and fusion procedure’ OR ’anterior cervical diskectomy
and fusion surgery’/exp OR ’anterior cervical diskectomy and fusion
surgery’ OR ’anterior cervical diskectomy fusion’/exp OR ’anterior
cervical diskectomy fusion’ OR ’anterior cervical diskectomy plus
fusion’/exp OR ’anterior cervical diskectomy plus fusion” OR
"anterior cervical diskectomy with fusion’/exp OR ’anterior cervical
diskectomy with fusion’ OR ’cervical anterior discectomy and
fusion’/exp OR ’cervical anterior discectomy and fusion’ OR ’cer-
vical anterior discectomy with fusion’/exp OR ’cervical anterior
discectomy with fusion’ OR ’cervical anterior diskectomy and
fusion’/exp OR ’cervical anterior diskectomy and fusion’ OR ’mini-
invasive surgery’/exp OR ’mini-invasive surgery’ OR ’mini-
invasive surgical procedure’/exp OR ’mini-invasive surgical pro-
cedure’ OR ’'mini-invasive surgical procedures’/exp OR ’mini-inva-
sive surgical procedures’ OR ’minimally invasive surgery’/exp OR
‘'minimally invasive surgery’ OR ’minimally invasive surgical
method’/exp OR ’minimally invasive surgical method’ OR ’mini-
mally invasive surgical methods’/exp OR ’minimally invasive sur-
gical methods’ OR 'minimally invasive surgical procedure’/exp OR
’minimally invasive surgical procedure’ OR ’minimally invasive
surgical procedures’/exp OR ’minimally invasive surgical proced-
ures’ OR ’minimally invasive surgical technique’/exp OR ’minimally
invasive surgical technique’ OR ’minimally invasive surgical tech-
niques’/exp OR ’'minimally invasive surgical techniques’ OR ’sur-
gery, minimally invasive’/exp OR ’surgery, minimally invasive’ OR
’surgical procedures, minimally invasive’/exp OR ’surgical proced-
ures, minimally invasive’ OR ’posterior lumbar interbody fusion’/
exp OR ’posterior lumbar interbody fusion’ OR ’transforaminal
lumbar interbody fusion’/exp OR ’transforaminal lumbar interbody
fusion’ OR ’anterior lumbar interbody fusion’/exp OR ’anterior
lumbar interbody fusion’ OR ’lateral lumbar interbody fusion’/exp
OR ’lateral lumbar interbody fusion’ OR ’cervical-one’/exp OR
"cervical-one’ OR ’'microlink’/exp OR ’microlink’ OR ’proview
minimal access portal system’/exp OR ’proview minimal access
portal system’ OR ’sterispine cc’/exp OR ’sterispine cc’ OR ’ster-
ispine Ic’/exp OR ’sterispine lc’ OR ’sterispine ps’/exp OR ’ster-
ispine ps’ OR ’sterispine va’/exp OR ’sterispine va’ OR ’bone lever/
elevator’/exp OR ’bone lever/elevator’ OR ’intramedullary canal
cleaning brush, reusable’/exp OR ’intramedullary canal cleaning
brush, reusable’ OR ’lumbar decompression procedure kit’/exp OR
’lumbar decompression procedure kit’ OR ’manual rotary hand-
piece’/exp OR 'manual rotary handpiece’ OR 'manual surgical rotary
handpiece’/exp OR ’manual surgical rotary handpiece’ OR ’medi-
cated orthopaedic surgical procedure kit'/exp OR ’medicated or-
thopaedic surgical procedure kit OR ’medicated orthopedic
surgical procedure kit'/exp OR ’medicated orthopedic surgical
procedure kit'" OR ’orthopaedic implant/instrument adaptor, reus-
able’/exp OR ’orthopaedic implant/instrument adaptor, reusable’
OR ’orthopaedic implant/instrument adaptor, single-use’/exp OR
‘orthopaedic implant/instrument adaptor, single-use’ OR ’ortho-
paedic implant/instrument dismantling device’/exp OR ’orthopae-
dic implant/instrument dismantling device’ OR ’orthopaedic

implant/trial-implant holder, single-use’/exp OR ’orthopaedic
implant/trial-implant holder, single-use’ OR ’orthopaedic surgical
equipment’/exp OR ’orthopaedic surgical equipment’ OR ’ortho-
paedic surgical procedure kit'/exp OR ’orthopaedic surgical pro-
cedure kit’ OR ’orthopaedic surgical procedure kit, medicated’/exp
OR ’orthopaedic surgical procedure kit, medicated’ OR ’orthopae-
dic surgical procedure kit, non-medicated, reusable’/exp OR ’or-
thopaedic surgical procedure kit, non-medicated, reusable’ OR
’orthopaedic surgical procedure kit, non-medicated, single-use’/exp
OR ’orthopaedic surgical procedure kit, non-medicated, single-use’
OR ’orthopaedic surgical procedure kits’/exp OR ’orthopaedic sur-
gical procedure kits’ OR ’orthopedic implant/instrument adaptor’/
exp OR ’orthopedic implant/instrument adaptor’ OR ’orthopedic
implant/instrument adaptor, reusable’/exp OR ’orthopedic implant/
instrument adaptor, reusable’ OR ’orthopedic implant/instrument
adaptor, single-use’/exp OR ’orthopedic implant/instrument
adaptor, single-use’ OR ’orthopedic implant/instrument disman-
tling device’/exp OR ’orthopedic implant/instrument dismantling
device’ OR ’orthopedic implant/trial-implant holder’/exp OR ’or-
thopedic implant/trial-implant holder’ OR ’orthopedic implant/
trial-implant holder, single-use’/exp OR ’orthopedic implant/trial-
implant holder, single-use’ OR ’orthopedic surgical equipment’/
exp OR ’orthopedic surgical equipment’ OR ’orthopedic surgical
procedure kit'/exp OR ’orthopedic surgical procedure kit OR ’or-
thopedic surgical procedure kit, medicated’/exp OR ’orthopedic
surgical procedure kit, medicated’ OR ’orthopedic surgical pro-
cedure kit, non-medicated, reusable’/exp OR ’orthopedic surgical
procedure kit, non-medicated, reusable’ OR ’orthopedic surgical
procedure kit, non-medicated, single-use’/exp OR ’orthopedic sur-
gical procedure kit, non-medicated, single-use’ OR ’orthopedic
surgical procedure kits’/exp OR ’orthopedic surgical procedure kits’
OR ’reusable intramedullary canal cleaning brush’/exp OR ’reusable
intramedullary canal cleaning brush’ OR ’reusable non-medicated
orthopaedic surgical procedure kit’/exp OR ’reusable non-
medicated orthopaedic surgical procedure kit” OR ’reusable non-
medicated orthopedic surgical procedure kit’/exp OR ’reusable
non-medicated orthopedic surgical procedure kit'" OR ’reusable
orthopaedic implant/instrument adaptor’/exp OR ’reusable ortho-
paedic implant/instrument adaptor’ OR ’reusable orthopedic
implant/instrument adaptor’/exp OR ’reusable orthopedic implant/
instrument adaptor’ OR ’rotary handpiece’/exp OR ’rotary hand-
piece’ OR ’single-use non-medicated orthopaedic surgical proced-
ure kit’/exp OR ’single-use non-medicated orthopaedic surgical
procedure kit' OR ’single-use non-medicated orthopedic surgical
procedure kit’/exp OR ’single-use non-medicated orthopedic sur-
gical procedure kit’ OR ’single-use orthopaedic implant/instrument
adaptor’/exp OR ’single-use orthopaedic implant/instrument
adaptor’ OR ’single-use orthopaedic implant/trial-implant holder’/
exp OR ’single-use orthopaedic implant/trial-implant holder’ OR
’single-use orthopedic implant/instrument adaptor’/exp OR ’single-
use orthopedic implant/instrument adaptor’ OR ’single-use ortho-
pedic implant/trial-implant holder’/exp OR ’single-use orthopedic
implant/trial-implant holder’ OR ’surgical rotary handpiece’/exp OR
’surgical rotary handpiece’) AND (’patient reported outcome mea-
sure’/exp OR ’patient reported outcome measure’ OR ’patient re-
ported outcome measures’/exp OR ’patient reported outcome
measures’ OR ’patient-reported outcome’/exp OR ’patient-reported
outcome’ OR ’patient-reported treatment outcome’/exp OR
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‘patient-reported  treatment outcome’ OR ’patientreported
outcome’/exp OR ’patientreported outcome’ OR ’self-reported
outcome’/exp OR ’self-reported outcome’ OR ’self-reported patient
outcome’/exp OR ’self-reported patient outcome’ OR ’self-reported
treatment outcome’/exp OR ’self-reported treatment outcome’ OR
’selfreported outcome’/exp OR ’selfreported outcome’ OR ’visual
analog scale’/exp OR ’visual analog scale’ OR ’visual analog scaling’
OR 'visual analogue scale’ OR ’short form 12’/exp OR ’12 item short
form health survey’ OR ’sf-12” OR ’sfi2’” OR ’short form 12’ OR
’short form 12 health survey’ OR ’oswestry disability index’/exp OR
’odi (oswestry disability index)’ OR ’oswestry disability index’

OR ’oswestry disability questionnaire’ OR ’oswestry index’ OR
‘oswestry questionnaire’ OR ’oswestry low back pain disability in-
dex’ OR ’oswestry low back pain disability questionnaire’ OR
"oswestry scale’ OR ’oswestry score’ OR ’oswestry scores’ OR "neck
disability index’/exp OR ’neck disability index’ OR ’neck pain
disability index’ OR ’patient reported outcomes measurement in-
formation system’/exp OR 'minimum clinically important differ-
ence’/exp OR ’minimal clinically important difference’/exp OR
’minimal  clinically important differences’ OR ’minimal
clinically important difference’ OR ’minimally clinical important
difference’)
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