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Background  
Minimum clinically important difference (MCID) achievement is a more patient-centric 
metric that evaluates the perception of a significant improvement in symptoms. However, 
few studies have investigated the factors associated with achieving this threshold earlier 
rather than later in a patient’s postoperative course of recovery. 

Objective  
To determine the baseline factors associated with achievement of an early MCID among 
patients who underwent a transforaminal, anterior, or lateral lumbar interbody fusion 
(TLIF, ALIF, LLIF). 

Methods  
A single-surgeon database was retrospectively reviewed for patients undergoing primary 
or revision, 1- or 2-level MIS TLIF, ALIF, or LLIF. Patient reported outcome 
measurements (PROMs) were recorded using Visual Analogue Scale (VAS) back/leg, 
Oswestry Disability Index (ODI), and 12-Item Short Form (SF-12) Physical Composite 
Score (PCS). Early achievement of MCID was defined as having a difference in pre- and 
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postoperative PROM scores that were equal to or greater than the established values at 
the 6-week or 12-week timepoint. Using simple logistic regression, a cutoff of p≤0.025 
was used to determine covariates correlating with early MCID achievement. Using 
multiple logistic regression, we then completed a post-regression analysis to assess the 
influence of covariates on timing of MCID achievement across VAS, ODI, and SF-12 
PROMs. 

Results  
405 patients were included, with a mean age of 53.8 years and the majority being male 
(64.2%) and non-obese (50.5%). Mean preoperative VAS back, VAS leg, and ODI scores 
were 6.4 ± 2.4, 5.6 ± 2.8, and 41.5 ± 16.8, respectively (Table 1). Majority of patients 
presented with degenerative spondylolisthesis (56.5%), followed by isthmic 
spondylolisthesis (30.5%), recurrent herniated nucleus pulposus (24.6%), and 
degenerative scoliosis (9.6%). Majority of procedures were primary (89.0%) in nature, 
with 42 cases (11.0%) being revision surgeries. Most patients received MIS TLIF (75.1%), 
while 16.5% received LLIF, and 8.4% received ALIF. 374 1-level procedures (92.3%) and 31 
2-level procedures (7.7%) were performed. Mean operative time, blood loss, and 
postoperative stay was 135.1 minutes, 53.0 milliliters, and 32.7 hours, respectively (Table 
2). Most patients demonstrated MCID achievement from 12-weeks to 1-year for back 
pain. For leg pain, disability, and physical function, majority of patients demonstrated 
MCID achievement at 6-months and 1-year. By 1-year following fusion and for overall, a 
majority of subjects (>50%) attained MCID across VAS/ODI/SF-12 PROMs (Table 3). At 
6-weeks, patients with higher preoperative VAS and ODI scores demonstrated greater 
odds of MCID achievement (p<0.001, all). Patients with higher preoperative SF-12 PCS 
experienced lower odds of SF-12 PCS achievement at 6-weeks (p<0.001). Workers’ 
Compensation (WC) status was associated with decreased odds of MCID achievement at 
this timepoint across pain and disability PROMs studied (p≤0.003, all). For VAS back, 
degenerative spondylolisthesis increased odds for achievement (p=0.023), while for ODI, 
revision procedures were associated with a decreased odds for 6-week MCID achievement 
(p=0.034). Arthritis decreased odds of 6-week MCID achievement for SF-12 PCS 
(p=0.007), while history of myocardial infarction (MI) increased odds of achievement for 
VAS leg (p=0.034) (Table 4). For 12-weeks, MCID achievement for all PROMs was again 
more likely among patients with higher preoperative scores (p<0.001, all), with WC 
associated with decreased odds of achievement (p<0.001, all). In addition, ALIF surgery 
was associated with decreased odds of 12-week MCID achievement for VAS leg and ODI 
(p≤0.037, both), while diabetic status was associated with increased odds of attainment 
for SF-12 PCS (p=0.037) (Table 5). 

Conclusion  
Early MCID achievement for back pain, leg pain, disability, and physical function were 
more likely among patients with worse preoperative PROM values. This suggests that 
patients who benefit the earliest from lumbar fusion may be limited to individuals who 
report more severe preoperative symptoms. Furthermore, WC claimants, patients 
presenting for revision surgery, and those receiving ALIF (vs MIS TLIF/LLIF) are likely to 
experience delays in clinically meaningful recovery of pain and/or disability following 
lumbar fusion. 

INTRODUCTION 

Lumbar interbody fusion (LIF) is a surgical procedure for 
the treatment of degenerative spine conditions, which in
clude but are not limited to, degenerative disc disease, isth
mic/degenerative spondylolisthesis or spondylosis, and 
spinal and/or foraminal stenosis (Xu et al. 2018; Lener et 
al. 2020; de Kunder et al. 2018; Kim et al. 2020; Rosenberg 
1975; Mobbs et al. 2015). In general, LIF procedures involve 
the placement of a cage within the intervertebral space af
ter discectomy and endplate preparation, with a goal of 
restoring proper disc height and lordosis (Kim et al. 2020). 

Some of the most common LIF procedures include anterior 
LIF (ALIF), transforaminal LIF (TLIF), and lateral LIF (LLIF), 
all which differ in approach. An ALIF approach exposes the 
direct midline of the lumbar disc thus allowing a wide dis
cectomy so as to place a large interbody cage (Xu et al. 
2018). On the other hand, the LLIF approach involves go
ing through the psoas muscle to displace the lumbar plexus 
nerves in order to expose the lateral surface of the disc 
space (Xu et al. 2018). Finally, a TLIF approach involves 
opening the neural foramen on one side through direct uni
lateral access (Mobbs et al. 2015). 
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In transitioning from traditional open LIF to minimally 
invasive LIF (MIS LIF) procedures, surgeons and clinicians 
are looking for evidence regarding the efficacy of MIS LIF 
treatments (Højmark et al. 2016). Traditionally, post-sur
gical outcomes were assessed from the surgeon’s perspec
tive of the patients’ health without regard for patient per
ception (Finkelstein and Schwartz 2019). In recent years, 
however, the perceived outcomes of surgery have shifted to 
include the patient perspective (Finkelstein and Schwartz 
2019; Schwartz, Ayandeh, and Finkelstein 2015). With the 
increased emphasis on patient perception in clinical care, 
patient reported outcome measures (PROMs) are increas
ingly being administered to and collected from patients un
dergoing spinal surgery (Højmark et al. 2016). In spinal 
surgery, PROMs include the Visual Analog Scale (VAS) for 
back and leg pain, the Oswestry Disability Index (ODI) for 
back disability, and the 12-item Short Form Physical Com
posite Score (SF-12 PCS) for physical function, all of which 
are collected pre- and post-operatively (Deshpande et al. 
2011; Field, Holmes, and Newell 2019). While PROMs are 
widely used and accepted, they are limited in their ability to 
offer statistical value as they do not represent meaningful 
clinical change (Malhotra et al. 2015; Leopold and Porcher 
2017; Ogura et al. 2019; Katz, Paillard, and Ekman 2015). 

In response to this, the concept of a minimum clinically 
important difference (MCID) was created. An MCID value 
is defined as the smallest change in PROM scores that is 
considered meaningful. Achievement of an MCID is viewed 
as a more patient-centric metric that evaluates the per
ception of a significant improvement in symptoms. How
ever, few studies have investigated the factors associated 
with achieving this threshold earlier rather than later in 
a patient’s postoperative course of recovery. In this study, 
we aim to determine the baseline factors associated with 
achievement of an early MCID among patients who under
went a TLIF, ALIF, or LLIF procedure. 

METHODS 

Prior to the commencement of this research, our institu
tion’s Institutional Review Board (IRB) approved the study 
(ORA #14051301) and patients consented to inclusion. A 
single-surgeon database at an academic institution was ret
rospectively reviewed for patients undergoing a primary or 
revision 1- or 2-level MIS TLIF, ALIF, or LLIF. Procedures 
for trauma, infection, or malignancy were excluded. 

DATA COLLECTION 

Patient demographic data were collected, which included 
age, self-reported gender, body mass index (BMI), diabetic 
status, smoking status, American Society for Anesthesiol
ogist (ASA) score, Charlson Comorbidity Index (CCI), in
surance type, and other present medical comorbidities. Pe
rioperative information was also recorded, which included 
spinal pathology, procedure type (primary or revision), 
lumbar fusion approach (transforaminal, anterior, or lat
eral), number of operative levels, operative time, estimated 
blood loss (EBL), and postoperative length of stay (LOS). 

Patient-reported outcome measurements (PROMs) were 
collected preoperatively and postoperatively at 6 weeks, 12 
weeks, 6 months, and 1 year. PROMs recorded included Vi
sual Analogue Scale (VAS) back, VAS leg, Oswestry Disabil
ity Index (ODI), and 12-Item Short Form (SF-12) Physical 
Composite Score (PCS). MCID achievement was calculated 
for each PROM and compared among cohorts to determine 
the clinically significant improvement in clinical outcomes. 

STATISTICAL ANALYSIS 

Stata 16.0 (StataCorp LP, College Station, TX) was used 
for all data analysis. The following established thresholds 
of change from preoperative to postoperative mean scores 
were utilized to determine MCID achievement: VAS back = 
2.1 (Parker et al. 2011); VAS leg = 2.8 (Parker et al. 2011); 
ODI = 14.9 (Parker et al. 2011); SF-12 PCS = 4.9 (Copay et 
al. 2008). Early achievement of MCID was defined as hav
ing a difference in pre- and postoperative PROM scores that 
were equal to or greater than the established values at the 
6-week or 12-week timepoint. Using simple logistic regres
sion, a cutoff of p≤0.025 was established to determine co
variates correlating with early MCID achievement. Using 
multiple logistic regression, we then completed a post-re
gression analysis to assess the influence of covariates on 
the timing of MCID achievement across VAS, ODI, and 
SF-12 PROMs at 6. weeks and 12 weeks. 

RESULTS 

DEMOGRAPHIC DATA AND PERIOPERATIVE 
CHARACTERISTICS 

A total of 405 patients were included (mean age of 53.8 
years) with the majority being male (64.2%) and non-obese 
(50.5%). The majority of patients were non-diabetic 
(89.9%), non-smokers (88.6%), and presented an ASA score 
of ≥2 (89.0%). The mean CCI was 0.7 and most patients 
had private insurance (66.9%) followed by WC (27.6%) and 
Medicare/Medicaid (5.4%). Some patients presented with 
other medical comorbidities, the most common being hy
pertension (31.1%), followed by arthritis (16.8%), myocar
dial infarction (MI) (4.2%), chronic obstructive pulmonary 
disease (COPD) (2.2%), peripheral vascular disease (0.7%), 
neurological disease (0.5%), chronic kidney disease (0.5%), 
cancer metastasis (0.5%), and liver disease (0.3%) (Table 1 ). 

The majority of patients presented with degenerative 
spondylolisthesis (56.5%), followed by isthmic spondylolis
thesis (30.5%), recurrent herniated nucleus pulposus 
(24.6%), and degenerative scoliosis (9.6%). The majority of 
surgeries were primary procedures (89.0%), with 42 cases 
(11.0%) being revision surgeries. Most patients received 
MIS TLIF (75.1%), while 16.5% received LLIF, and 8.4% 
received ALIF. Three hundred seventy-four 1-level proce
dures (92.3%) and 31 2-level procedures (7.7%) were per
formed. Mean operative time, blood loss, and postoperative 
stay were 135.1 minutes, 53.0 milliliters, and 32.7 hours, re
spectively (Table 2 ). 
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Table 1. Patient Demographics   

Characteristic Total 
(n=405) 

Age (mean ± SD) 53.8 ± 11.4 

Gender 

Female 35.8% (145) 

Male 64.2% (260) 

Body Mass Index 

<30 kg/m2 50.5% (203) 

≥30 kg/m2 49.5% (199) 

Diabetic Status 

Non-Diabetic 89.9% (364) 

Diabetic 10.1% (41) 

Smoking Status 

Non-Smoker 88.6% (359) 

Smoker 11.4% (46) 

ASA Classification 

<2 11.0% (44) 

≥2 89.0% (356) 

CCI Score (mean ± SD) 0.7 ± 0.4 

Insurance 

Medicare/Medicaid 5.4% (22) 

Workers’ Compensation 27.6% (112) 

Private 66.9% (271) 

Preoperative VAS Back 6.4 ± 2.4 

Preoperative VAS Leg 5.6 ± 2.8 

Preoperative ODI 41.5 ± 16.8 

Preoperative SF-12 PCS 30.2 ± 8.6 

Medical Comorbidities 

Myocardial infarction 4.2% (17) 

Hypertension 31.1% (126) 

Neurological Disease 0.5% (2) 

Arthritis 16.8% (68) 

Peripheral Vascular Disease 0.7% (3) 

Cancer Metastasis 0.5% (2) 

Liver Disease 0.3% (1) 

COPD 2.2% (9) 

Chronic Kidney Disease 0.5% (2) 

ASA = American Society of Anesthesiologists; CCI = Charlson Comorbidity Index; SD = 
standard deviation; VAS = Visual Analogue Scale; ODI = Oswestry Disability Index; 
SF-12 PCS = 12-Item Short Form Physical Composite Score; COPD = Chronic Obstructive 
Pulmonary Disease 

PRIMARY OUTCOME MEASURES 

Mean preoperative VAS back, VAS leg, and ODI scores were 
6.4 ± 2.4, 5.6 ± 2.8, and 41.5 ± 16.8, respectively (Table  
1). Most patients demonstrated MCID achievement from 12 
weeks to 1 year for back pain (>50% of patients) (Table  
3). For leg pain, disability, and physical function, the ma
jority of patients demonstrated MCID achievement at 6 
months and 1 year (>50% of patients, all) (Table 3 ). By 1 
year following fusion and overall, the majority of subjects 

Table 2. Perioperative Characteristics   

Characteristic Total 
(n=405) 

Spinal Pathology 

Recurrent Herniated Nucleus 
Pulposus 

26.4% (66) 

Degenerative Scoliosis 9.6% (39) 

Degenerative Spondylolisthesis 56.5% (199) 

Isthmic Spondylolisthesis 30.5% (106) 

Procedure Type 

Primary 89.0% (357) 

Revision 11.0% (42) 

Lumbar Fusion Approach 

Transforaminal (TLIF) 75.1% (304) 

Anterior (ALIF) 8.4% (34) 

Lateral (LLIF) 165% (67) 

Number of Operative Levels 

1-Level 92.3% (374) 

2-Levels 7.7% (31) 

Operative Time (Mean ± SD; min) 
135.1 ± 

37.2 

Estimated Blood Loss (Mean ± SD; mL) 53.0 ± 29.5 

Length of Stay (Mean ± SD; hours) 32.7 ± 18.8 

TLIF=transforaminal lumbar interbody fusion; ALIF=anterior lumbar interbody fusion; 
lateral lumbar interbody fusion; SD=standard deviation 

(>50%) attained MCID across VAS, ODI and SF-12 PROMs 
(Table 3 ). At 6 weeks, patients with higher preoperative 
VAS and ODI scores demonstrated greater odds of MCID 
achievement (p<0.001, all). Patients with higher preoper
ative SF-12 PCS experienced lower odds of SF-12 PCS 
achievement at 6 weeks (p<0.001). WC status was asso
ciated with decreased odds of MCID achievement at this 
timepoint across pain and disability PROMs studied 
(p≤0.003, all). For VAS back, degenerative spondylolisthesis 
increased the odds for MCID achievement (p=0.023), while 
for ODI, revision procedures were associated with de
creased odds of 6-week MCID achievement (p=0.034). 
Arthritis decreased the odds of 6-week MCID achievement 
for SF-12 PCS (p=0.007), while a history of MI increased the 
odds of MCID achievement for VAS leg (p=0.034) (Table 4 ). 
For 12 weeks, MCID achievement for all PROMs was again 
more likely among patients with higher preoperative scores 
(p<0.001, all); WC was associated with decreased odds of 
MCID achievement (p<0.001, all). In addition, ALIF surgery 
was associated with decreased odds of 12-week MCID 
achievement for VAS leg and ODI (p≤0.037, both), while di
abetic status was associated with increased odds of MCID 
attainment for SF-12 PCS (p=0.037) (Table 5 ). 

DISCUSSION 

In 1989, Jaeschke et al. introduced the MCID as 'the smallest 
difference in score in the domain of interest which patients 
perceive as beneficial and which would mandate, in the ab
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Table 3. MCID Achievement   

PROM MCID Achievement (%) 

VAS Back 

6 weeks 49.1% (172) 

12 weeks 53.5% (174) 

6 months 56.7% (170) 

1 year 59.4% (95) 

Overall 71.6% (277) 

VAS Leg 

6 weeks 47.1% (164) 

12 weeks 48.1% (156) 

6 months 50.5% (152) 

1 year 51.5% (83) 

Overall 64.4% (242) 

ODI 

6 weeks 29.1% (102) 

12 weeks 39.4% (128) 

6 months 55.6% (168) 

1 year 53.7% (86) 

Overall 59.4% (228) 

SF-12 PCS 

6 weeks 32.0% (91) 

12 weeks 48.7% (131) 

6 months 57.7% (131) 

1 year 67.4% (124) 

Overall 67.6% (236) 

VAS, Visual analogue scale; ODI, Oswestry disability index; SF-12 PCS, 12-Item Short 
Form Physical Composite Score 

sence of troublesome side effects and excessive cost, a change 
in the patient’s management’ (Jaeschke, Singer, and Guyatt 
1989). Based on this description and its current use in the 
spinal literature, physicians compute the MCID achieve
ment to determine if clinically meaningful improvements, 
from the perspective of the patient, have occurred following 
surgery (Copay et al. 2007). By assessing MCID achievement 
rates, surgeons are able to determine the effectiveness of 
treatments and make more informed surgical decisions. A 
widely utilized method to evaluate patient-perceived 
HRQOL outcomes is by administration of PROM question
naires preoperatively and at postoperative follow-up visits. 
For LIF procedures, including ALIF, MIS TLIF, and LLIF, 
commonly reported PROMs in the literature include VAS for 
pain, the ODI for back pain-related disability, and the SF-12 
Physical Composite Score for physical health. 

As patient satisfaction gains importance in the evalua
tion of surgical success and holds economic implications 
for reimbursement schemes, evaluating characteristics that 
may increase patient satisfaction is important (Menendez 
et al. 2019). In a recent systematic review, Menendez et 
al. highlighted “efficacy/clinical outcomes” as one of seven 
dimensions of patient satisfaction, along with pain, func
tion, and patient preferences (Menendez et al. 2019). Be
cause earlier achievement of MCID affords the opportunity 

Table 4. Factors Associated with Achievement of MCID       
at 6 weeks    

Factor Odds 
Ratio 

95% C.I. *p-
value 

VAS Back 

Workers’ 
Compensation 

0.303 
0.154 - 
0.594 

0.001 

Degenerative 
Spond. 

2.46 
1.13 - 
5.37 

0.023 

Preoperative 
value 

1.70 
1.47 - 
1.97 

<0.001 

VAS Leg 

Workers’ 
Compensation 

0.305 
0.138 - 
0.672 

0.003 

Myocardial 
Infarction 

8.97 
1.17 - 
67.3 

0.034 

Preoperative 
value 

1.62 
1.42 - 
1.86 

<0.001 

ODI 

Revision 
Procedure 

0.264 
0.077 - 
0.906 

0.034 

Workers’ 
Compensation 

0.202 
0.097 - 
0.420 

<0.001 

Preoperative 
value 

1.06 
1.05 - 
1.09 

<0.001 

SF-12 PCS 

Arthritis 0.316 
0.137 - 
0.725 

0.007 

Preoperative 
value 

0.896 
0.859 - 
0.934 

<0.001 

Spond=spondylolisthesis 
*p-values calculated using multiple logistic regression 

to address several of the mentioned dimensions of satisfac
tion, careful analysis of factors associated with early MCID 
attainment across PROMs allows surgeons to better under
stand baseline characteristics that may lead to improved 
postoperative satisfaction (Menendez et al. 2019). There
fore, the current study aims to evaluate baseline charac
teristics associated with earlier achievement of clinically 
meaningful improvements (as measured by MCID) pertain
ing to pain, disability, and physical function PROMs follow
ing lumbar fusion surgery (ALIF, LLIF, MIS TLIF). 

Our final cohort included a total of 405 patients, with 
the majority undergoing 1-level MIS TLIF, followed by ALIF 
and LLIF. MCID was achieved amongst the majority of pa
tients (>50%) by 6 months following fusion for back pain, 
leg pain, disability, and physical function. Meanwhile, at 6 
weeks, a minority of patients (<50%) achieved MCID across 
all PROMs studied, a trend which also held true at 12 weeks, 
with the exception of the VAS back. Our results therefore 
indicate that while most patients obtain clinically mean
ingful improvements by 6 months and onwards, MCID is 
less frequently attained in the early postoperative period. 
In the following paragraphs, we will assess factors associ
ated with MCID achievement at 6 and 12 weeks. 

For VAS back, MCID achievement at 6 weeks and 12 
weeks, WC status was associated with decreased odds of 
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Table 5. Factors Associated with Achievement of MCID       
at 12 weeks    

Factor Odds 
Ratio 

95% 
C.I. 

*p-
value 

VAS Back 

Workers’ 
compensation 

0.144 
0.067 - 
0.304 

<0.001 

Preoperative 
value 

1.57 
1.37 - 
1.81 

<0.001 

VAS Leg 

Workers’ 
compensation 

0.225 
0.104 - 
0.484 

<0.001 

ALIF 0.248 
0.067 - 
0.916 

0.037 

Preoperative 
value 

1.65 
1.45 - 
1.91 

<0.001 

ODI 

Workers’ 
compensation 

0.151 
0.073 - 
0.313 

<0.001 

ALIF 0.242 
0.066 - 
0.873 

0.030 

Preoperative 
value 

1.06 
1.04 - 
1.08 

<0.001 

SF-12 PCS 

Workers’ 
compensation 

0.282 
0.138 - 
0.579 

0.001 

Diabetes 0.369 
0.144 - 
0.943 

0.037 

Number of 
operative levels 

0.236 
0.081 - 
0.686 

0.008 

Preoperative 
value 

0.897 
0.862 - 
0.933 

<0.001 

*p-values calculated using multiple logistic regression 

early attainment and greater preoperative VAS back score 
was associated with increased odds of attainment. In a re
cent study evaluating risk factors for failure to reach MCID 
following MIS TLIF, Hijji et al. similarly discovered that WC 
claimants had lower probability of achieving MCID for back 
pain relief (p<0.001) (Hijji et al. 2018). The authors con
cluded that WC status may therefore deter achievement of 
clinically meaningful pain relief. Our results also conveyed 
that a higher preoperative value for VAS back was asso
ciated with greater MCID achievement for VAS back both 
at 6 weeks and 12 weeks. Jacob et al. similarly discovered 
that patients presenting with greater back pain prior to MIS 
TLIF experienced greater MCID achievement for VAS back 
in the overall postoperative period, which was in align
ment with our findings (Jacob et al. 2021). Therefore, pa
tients presenting with worse baseline pain scores appear 
to be more likely to exhibit clinically meaningful improve
ments. Meanwhile, MCID achievement for back pain at 6 
weeks was additionally positively influenced by degener
ative spondylolisthesis pathology. This is unsurprising, as 
MIS TLIF is a well-established operative treatment for de
generative spondylolisthesis, but is less established in the 
literature for operative management of isthmic spondy
lolisthesis (Massel et al. 2020). Therefore, our patients pre

senting with this degenerative disc slippage may prefer
entially benefit from earlier clinically meaningful back 
pain-related improvements. 

For VAS leg MCID at 6 weeks and 12 weeks, WC 
claimants again had lower odds of achievement. Gum et al. 
similarly discovered that among lumbar fusion recipients, 
those with WC experienced less improvement from pre
operative to postoperative on numeric rating scale (NRS) 
leg pain scores (Gum, Glassman, and Carreon 2013). While 
MCID achievement was not directly evaluated, it appeared 
that WC status was a deterrent to postoperative improve
ments and thus may reasonably lead to delays in the 
achievement of MCID. Our analysis also revealed that those 
with greater preoperative leg pain had increased odds of 
early achievement at both 6 weeks and 12 weeks. This also 
aligns with the existing literature, such as the conclusions 
of Khan et al., in which patients with leg pain predomi
nance (LPP) demonstrated higher VAS leg MCID following 
lumbar fusion vs. those with back pain predominance (BPP) 
(Khan et al. 2020). Interestingly, patients with MI also 
demonstrated higher odds of early achievement at 6 weeks. 
Patients receiving MIS TLIF may present with cardiovas
cular (CV) comorbidities such as a history of MI, with one 
study reporting an incidence of 22% for CV disorders within 
their study population (Perez-Cruet et al. 2014; Lee, Kim, 
and Ryu 2016). In the current analysis, those presenting 
with a history of MI may be more likely to perceive clini
cally meaningful leg pain improvements earlier in the post
operative course due to poorer baseline status and thus po
tential for larger increments of improvement. However, as 
only 4.2% (17) of 405 patients presented with a history of 
MI, the statistical power of this finding remains limited. 
Meanwhile, patients undergoing ALIF demonstrated lower 
odds of early MCID achievement for VAS leg at 12 weeks. 
Moses et al. demonstrated the increased usage by spinal 
surgeons of MIS TLIF for patients with greater baseline leg 
pain, illustrating that MIS TLIF may be better suited for leg 
pain improvements (Moses et al. 2021). This trend was also 
supported by Jacob et al., illustrating higher MCID achieve
ment for VAS leg at 6 weeks and during the overall postop
erative period for MIS TLIF vs. ALIF recipients (Jacob, Pa
tel, Ribot, et al. 2022). While ALIF thus may be less likely to 
offer early clinically meaningful improvements for leg pain, 
the surgeon should consider patient-specific characteris
tics, patient preference, and must comprehensively evalu
ate advantages and disadvantages of each procedure when 
arriving at an operative decision. Nevertheless, patients se
lecting to receive ALIF can be reassured that significant leg 
pain improvements are still likely to occur, as suggested by 
several authors (Vieli et al. 2019; Jägersberg et al. 2014; 
Duggal et al. 2004). 

For disability-related MCID achievement at 6 weeks and 
12 weeks, higher preoperative disability was associated 
with greater odds of achievement. Jacob et al. stratified pa
tients by preoperative ODI score and similarly found that 
those presenting with higher disability (ODI >41) experi
enced greater MCID attainment for disability throughout 
the entire postoperative period (including at 6 weeks) (Ja
cob, Patel, Collins, et al. 2022). Meanwhile, WC status was 
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associated with lower odds of disability achievement at 6 
weeks and 12 weeks. In a systematic review and meta-
analysis by Russo et al., the authors concluded that WC 
patients suffered from greater disability following lumbar 
surgery (Russo et al. 2021). In a separate study by Carreon 
et al., the authors found that <20% of patients with WC 
insurance achieved MCID for ODI, while the proportion of 
non-WC achieving MCID was almost double (Carreon et 
al. 2010). Therefore, our findings of lower rates in clini
cally meaningful disability recovery amongst WC claimants 
closely align with the existing literature. Furthermore, re
ceiving a revision procedure was also associated with 
poorer odds of ODI achievement at 6 weeks. This aligns 
with published literature which has associated revision 
lumbar fusion with poorer disability-related recovery. For 
instance, Ibrahim et al. reported a 13-point decrease in dis
ability improvement between primary and revision surgery 
(Ibrahim et al. 2020). Montenegro et al. also showed poorer 
ODI scores and MCID achievement for ODI among patients 
undergoing revision procedures in comparison to primary 
procedures (Montenegro et al. 2021). Finally, receiving 
ALIF was also associated with decreased odds of MCID 
achievement for ODI, specifically at 12 weeks. However, this 
seems to be unsupported by the current literature, as one 
study demonstrated no significant difference in MCID for 
ODI between ALIF and TLIF, concluding that the fusion ap
proach performed had little effect on ODI improvements 
(Owens et al. 2016). Park et al. similarly discovered no 
change in ODI outcomes among ALIF vs. TLIF, while Jacob 
et al. reported greater MCID achievement for ODI among 
ALIF vs. TLIF recipients (Jacob, Patel, Ribot, et al. 2022; 
Park et al. 2021). However, as this study had a separate 
study population due to the inclusion of double-level pro
cedures and LLIF patients, our findings may not directly 
contradict existing literature. Ultimately, by recognizing 
risk factors that deter early improvements in disability to 
a clinically meaningful extent, surgeons and patients may 
better formulate expectations regarding recovery. 

Finally, for SF-12 PCS, a greater preoperative score was 
associated with lower odds of early MCID achievement both 
at 6 weeks and 12 weeks. In other words, patients with 
worse physical functioning at baseline were at higher odds 
of improving in a clinically meaningful manner. This theme 
is supported by the results of Parrish et al., who evaluated 
the influence of preoperative Patient-Reported Outcome 
Measurement Information System physical function 
(PROMIS-PF) scores on magnitude of improvement, discov
ering that those with poorer baseline physical function im
proved to a significantly greater extent (Parrish et al. 2020). 
Moreover, WC status was again associated with lower odds 
of MCID achievement at 12 weeks. This is well supported by 
existing literature such as Cha et al., who reported poorer 
overall MCID achievement for SF-12 PCS when comparing 
WC vs. non-WC claimants receiving TLIF (Cha et al. 2022). 
As the SF-12 PCS has been used frequently in the spinal lit
erature to evaluate physical functioning outcomes, it may 
partially contribute to the delayed return to work status 
observed among WC claimants following lumbar spinal 
surgery (Russo et al. 2021). A greater number of operative 

levels was also linked to decreased odds of SF-12 PCS MCID 
achievement (at 12 weeks). This finding suggests that when 
both single-level and double-level procedures are well-
suited for a patient, performance of single-level fusion may 
preferentially allow for more clinically meaningful physical 
health improvements. Interestingly, comorbidities of 
arthritis and diabetes were associated with decreased odds 
of MCID achievement following lumbar fusion. Weiner et 
al. described that patients with lower back pain (LBP) often 
had coexisting pain in the hip or knee joints, suggesting 
that osteoarthritis or biomechanical instability may be the 
underlying cause (Weiner et al. 2003). The authors sug
gested that the addition of musculoskeletal pathologies to 
LBP may impair treatment outcomes. While diabetes was 
also shown to deter early physical function improvements, 
the existing literature suggests little influence of diabetic 
status on SF-36 outcomes among patients undergoing cer
vical decompression surgery (Epstein 2017). Lynch et al. 
similarly compared diabetics vs. non-diabetics undergoing 
cervical fusion (Lynch et al. 2021). The authors reported 
no difference in MCID achievement for SF-12 PCS through
out the majority of the postoperative period (including the 
early postoperative window of 6 weeks/12 weeks), and no 
difference in PROMIS-PF achievement throughout the en
tire postoperative period. Nonetheless, our study included 
lumbar fusion patients, providing a potential explanation 
for the differences amongst reported literature and our 
findings. Surgeons should discuss expected clinical out
comes and provide comprehensive guidance for physical 
function rehabilitation following surgery, especially to pa
tients with WC status and comorbidities (arthritis, dia
betes), to maximize clinically meaningful improvements in 
the months following lumbar fusion. 

LIMITATIONS 

There are several limitations to this study that should be 
addressed. First, as a singular surgeon at one institution 
performed the lumbar fusion procedures (ALIF, LLIF, MIS 
TLIF), the generalizability of our findings remains limited. 
Furthermore, PROMs are based on patient perception 
therefore these surveys may be influenced by response bias. 
While the SF-12 PCS was utilized, there are other physical 
function surveys (i.e., PROMIS-PF, the Veterans RAND 12 
Physical Component Score) that have been validated for 
lumbar fusion, thus limiting the scope of our physical func
tion conclusions. While 405 patients were included, a ma
jority were male, (64.2% vs. 35.8%), which may have also 
skewed our results. As differing spinal pathologies and lum
bar fusion approaches were included, our findings may be 
influenced by confounder bias. Confounder bias may have 
also been introduced due to inclusion of both primary and 
revision procedures, and both 1-level and 2-level opera
tions. 

CONCLUSION 

Patients presenting with poorer PROM scores at the preop
erative stage were more likely to achieve clinically mean
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ingful improvements for back pain, leg pain, disability, and 
physical function during the early postoperative period (6 
weeks, 12 weeks). Meanwhile, those with WC status gen
erally had lower odds of early MCID achievement. Patients 
undergoing revision lumbar fusion, and those who under
went ALIF were also at higher odds of delay in MCID 
achievement in the early postoperative period. By recogniz
ing these trends, surgeons may be able to better anticipate 

the trajectory of clinical improvements in the early postop
erative period. An understanding of the presented informa
tion may ultimately allow for more informed decision mak
ing during the preoperative stage. 
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