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The influence of sagittal spinopelvic alignment on patient 
discharge disposition following minimally invasive lumbar 
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Background: The aim of this study was to investigate the changes to spinopelvic sagittal alignment 
following minimally invasive (MIS) lumbar interbody fusion, and the influence of such changes on 
postoperative discharge disposition.
Methods: The Michigan Spine Surgery Improvement Collaborative was queried for all patients who 
underwent transforaminal lumbar interbody fusion (TLIF)or lateral lumbar interbody fusion (LLIF) 
procedures for degenerative spine disease. Several spinopelvic sagittal alignment parameters were measured, 
including sagittal vertical axis (SVA), lumbar lordosis, pelvic tilt, pelvic incidence, and pelvic incidence-
lumbar lordosis mismatch. Primary outcome measure—discharge to a rehabilitation facility—was expressed 
as adjusted odds ratio (ORadj) following a multivariable logistical regression.
Results: Of the 83 patients in the study population, 11 (13.2%) were discharged to a rehabilitation facility. 
Preoperative SVA was equivalent. Postoperative SVA increased to 8.0 cm in the discharge-to-rehabilitation 
division versus a decrease to 3.6 cm in the discharge-to-home division (P<0.001). The odds of discharge to a 
rehabilitation facility increased by 25% for every 1-cm increase in postoperative sagittal balance (ORadj =1.27, 
P=0.014). The strongest predictor of discharge to rehabilitation was increasing decade of life (ORadj =3.13, 
P=0.201). 
Conclusions: Correction of sagittal balance is associated with greater odds of discharge to home. These 
findings, coupled with the recognized implications of admission to a rehabilitation facility, will emphasize 
the importance of spine surgeons accounting for SVA into their surgical planning of MIS lumbar interbody 
fusions.

Keywords: Alignment; axis; balance; discharge; sagittal

Submitted May 05, 2020. Accepted for publication Nov 05, 2020.

doi: 10.21037/jss-20-596

View this article at: http://dx.doi.org/10.21037/jss-20-596

18

^ ORCID: 0000-0002-8580-0706.

https://crossmark.crossref.org/dialog/?doi=10.21037/jss-20-596


9Journal of Spine Surgery, Vol 7, No 1 March 2021

J Spine Surg 2021;7(1):8-18 | http://dx.doi.org/10.21037/jss-20-596© Journal of Spine Surgery. All rights reserved.

Introduction

Because of the Center for Medicare and Medicaid Services’ 
initiative towards Alternative Payment Models, surgical 
specialties may now receive a fixed payment for a 90-day 
episode-of-care (1), centered around a given operation. 
Orthopedic surgeons quickly identified that “post-
discharge care accounted for more than one-third of total 
episode payments and varied substantially across patients 
and procedures” for total joint arthroplasty (2). Kahn  
et al. followed suit with a cross-sectional cohort of 17,436 
spine surgery episodes among 50 hospitals. The authors 
concluded that 32.5% of overall variation between the 
highest and lowest spending quintile hospitals was attributed 
to post-discharge payments (3). The surgical literature has 
subsequently shifted focus to predisposing factors that lead 
to rehabilitation facility admission following lumbar fusion 
surgery.

Medical prognostic factors have been elucidated as 
the strongest predictors of discharge status in patients 
undergoing lumbar spine surgery (4-8). While researchers 
have attended to age, increased body mass index, increased 
length of stay, increased operative time, increased disability 
scores, and increased American Society of Anesthesiologists 
(ASA) class in prediction models, surgical technique and 
operative planning may also play a pivotal role post-acute 
care disposition. 

Because the correction of spinopelvic alignment in 
adult deformity surgery has been associated with improved 
functional status, health-related quality of life outcomes, 
and patient satisfaction (9-14), we hypothesized that 
these parameters may also affect postoperative discharge 
disposition. According to Glassman et al.’s assessment of 
multiple radiographic parameters on health status measures 
in a large population of deformity patients, positive 
sagittal balance prevailed as the greatest prognosticator of 
health status measures (15). As such, sagittal balance may 
also affect discharge disposition; however, this potential 
relationship has been poorly established in the literature. 
The objective of this study was to investigate the changes to 
spinopelvic sagittal alignment following minimally invasive 
(MIS) lumbar interbody fusion and the influence of such 
changes on postoperative discharge disposition. We present 
the following article in accordance with the STROBE 
reporting checklist (available at http://dx.doi.org/10.21037/
jss-20-596).

Methods

Study design, setting, and participants

The Michigan Spine Surgery Improvement Collaborative 
(MSSIC) is a statewide, prospective, multicenter quality 
improvement initiative (16-18). MSSIC includes a 
comprehensive longitudinal registry aimed at enhancing 
clinical quality, identifying, and decreasing complications, 
and improving overall patient outcomes in spine surgery 
(16-18). The use of MSSIC’s database of more than 40,000 
patients from 26 participating hospitals to complete 
retrospective cohort studies has been well established 
(16,17). The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by institutional/regional/national ethics/
committee/ethics board of Henry Ford Hospital (IRB No. 
10632) and individual consent for this retrospective analysis 
was waived.

Variables and data sources/measurement

Following Institutional Review Board approval (No. 
10582), MSSIC was queried for all patients who underwent 
transforaminal (TLIF) or lateral lumbar interbody (LLIF) 
fusion procedures for degenerative spine disease between 
2016 and 2017. Because physicians and institutions differ 
in discharge practices, patients were limited to a single 
surgeon’s experience to maintain internal validity. Cases 
were manually abstracted from the daily operative schedule 
at our institution. Cases were limited to 1- or 2-level 
operations.

Preoperative demographic data,  intraoperative 
parameters, and 90-day postoperative complications 
by a single-surgeon were abstracted. Perioperative 
demographic data included the ASA classification that 
serves as a surrogate marker of comorbidity burden. 
However, the misclassification of ASA risks by anesthesia 
personnel represents an inherent weakness of the five-
category physical status system. Alternatively, the burden of 
preoperative morbidity followed an algorithm of matching 
16 variables in the National Surgical Quality Improvement 
Program (NSQIP) database to 11 corresponding items in 
the Canadian Study of Health and Aging Frailty Index, 
which in turn was used to calculate a modified Frailty 
Index (mFI) (19). Developed by Tsiouris et al. (20), this 
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prevalidated risk assessment assigns one point to each of 
the following variables: non-independent functional status, 
diabetes mellitus, chronic obstructive pulmonary disease, 
congestive heart failure, myocardial infarction, coronary 
artery disease (coronary intervention, cardiac surgery, or 
angina), hypertension requiring medication, peripheral 
vascular disease, impaired sensorium, transient ischemic 
attack or stroke without neurological deficit, and stroke 
with neurological deficit. The sum of points is divided by 
11 to obtain a mFI score (0–1.0), wherein higher scores 
presume a greater comorbidity burden.

Radiographic evaluation of all patients was performed 
by neurosurgery residents blinded to the subject’s clinical 
information. Lateral and anteroposterior 36-inch upright 
standing radiographs were obtained preoperatively and 
within three months following surgery. Several spinopelvic 

sagittal alignment parameters were measured, including: 
sagittal vertical axis (SVA), lumbar lordosis (LL), pelvic 
tilt (PT), pelvic incidence (PI), and pelvic incidence-
lumbar lordosis (PI-LL) mismatch. SVA was measured 
as the horizontal distance from the C7 plumb line to the 
posterior superior aspect of the S1 endplate (Figure 1). LL 
was determined using the Cobb angle between the superior 
endplate of L1 and the superior endplate of S1. Pelvic 
tilt refers to the angle subtended by a vertical reference 
line at the femoral head and the midpoint of the rostral 
S1 vertebral body to the femoral head. The pelvic tilt 
complements the pelvic incidence, which was measured as 
the angle subtended by a line from the femoral head to the 
midpoint of the rostral S1 sacrum and a line perpendicular 
to the rostral S1 sacrum. PI-LL mismatch was the 
difference between the measurements of PI and LL.

Categorical variables

The primary outcome measure reflected the likelihood of 
discharge to a rehabilitation facility. Patients included in 
the study were placed into one of two cohorts: discharge to 
home or discharge to rehabilitation facility. Patients placed 
into the discharge home cohort were discharged directly 
to their home following surgery. Patients placed into the 
discharge to rehabilitation facility cohort were discharged 
to a skilled nursing facility, subacute rehabilitation facility, 
extended rehabilitation facility or nursing home following 
surgery.

Statistical methods

The rehabilitation cohort was compared to the home 
cohort, reporting means ± standard deviations (SD) or 
frequencies/percentages. Means of continuous variables 
were first calculated with a variance ratio test. Continuous 
data that followed a Gaussian distribution were compared 
using a Student’s t-test; non-normally distributed numbers 
were calculated with Welch’s test. Binary outcomes were 
compared with a chi-squared (χ2) test, and median/ordinal 
outcomes with a Mann-Whitney U test (Wilcoxon Rank-
Sum Test). According to the methods described in a 
previous publication (21-23), the logistic regression model 
was fitted to the data to estimate the effect of discharge 
to rehabilitation. Associations between prognostic factors 
and primary outcomes were calculated with adjusted odds 
ratio (ORadj) in the multivariable logistical regression. 
Because SVA was the only spinal alignment parameter that 
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Figure 1 SVA was measured as the horizontal distance from the 
C7 plumb line to the posterior superior aspect of the S1 endplate. 
The 36-inch standing X-rays in the patient who underwent L4–
L5 interbody fusion: (A) preoperative films and (B) postoperative 
films. SVA, sagittal vertical axis.
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statistically significantly differed between the discharge to 
home cohort versus the discharge to rehab cohort, SVA was 
selected as the radiographic measurement for inclusion in 
the multivariable regression analysis. All odds ratios were 
described with 95% confidence intervals (CI). Statistical 
significance was set at P≤0.05. Lastly, a margins plot 
illustrated the effect of spinal alignment on the probability 
of discharge to rehab (95% CI) when controlling for other 
variables in the logistical regression.

Sensitivity analysis

As detailed in a prior publication (24), after an initial 
univariable logistical regression, predictors of discharge 
disposition were calculated with multivariable logistical 
regression with a forward stepwise modeling, reporting 
ORadj. Each regression model tested was analyzed with a 
sensitivity analysis based on three statistical approaches: 
(I) Akaike’s Information Criterion (AIC); (II) model 
discrimination: C-statistic corresponding to the area under 
the receiver-operating characteristic (ROC) curve; and 
(III) model calibration: P value of the Hosmer-Lemeshow 
Goodness-of-Fit test. The AIC provides a tradeoff between 
the log-likelihood function and the number of covariables, 
such that smaller AIC values suggest a more robust model 
fit (25). The C-statistic reflects model discrimination. 
By approximating the ROC curve, a C-statistic measures 
how well the regression model can discriminate among 
different observations and the primary outcome measure:  
disposition (26). According to the Hosmer and Lemeshow 
principles on the C-statistic, discrimination can be defined 
as acceptable (0.7–0.8), excellent (0.8–0.9), or outstanding 
(≥0.9) (27). Lastly, the Hosmer-Lemeshow approach tests 
for goodness-of-fit of the model, or model calibration. 
This statistic resembles a chi-square test modified with the 
degrees of freedom (28). A Hosmer-Lemeshow Goodness-
of-Fit test approaching a P value of zero means a poor fit of 
the data.

Results

Participants and descriptive data

Of the 83 patients in the study population, 11 (13.2%) 
were discharged to rehab (Table 1). The mean age of 
73.1±1.6 years in the discharge-to-rehab cohort was 
statistically significantly older than the mean age of 
63.9±1.3 years in the discharge-to-home cohort (Welch’s 

t-test, P=0.002). All other preoperative demographic 
data—male gender (P=0.215) and weight (P=0.067)—did 
not differ. Statistical significance was not reached with 
all measured comorbidities, including diabetes mellitus 
(P=0.710), congestive heart failure (P=0.367), hypertension 
(P=0.699), stroke with neurological deficit (P=0.320), 
functional dependency (P=0.490), myocardial infarction 
(P=0.367), peripheral vascular disease (P=0.064), chronic 
obstructive pulmonary disease (P=0.188), coronary artery 
disease (P=0.406), and altered sensorium (0%). As such, the 
discharge-to-home versus discharge-to-rehab cohorts did 
not differ with surrogate markers of comorbidity burden: 
mFI (P=0.328) and ASA Classification (P=0.658).

In intraoperative parameters, surgical time among 
patients discharged to rehab averaged to 2.9±0.4 hours, 
which was statistically significantly longer than the 2.2±0.1 
hours among patients discharged to home (P=0.016). All 
remaining intraoperative parameters did not differ. In 
postoperative outcomes, mean length of inpatient hospital 
stay was as expected more than double among patients 
discharged to rehab (5.0±1.5 days) versus discharged to 
home (2.0±0.1 days) (P<0.001). The discharge-to-rehab 
versus discharge-to-home division saw one deep vein 
thrombosis (9% vs. 0%, P=0.010), one ileus (9% vs. 0%, 
P=0.010), and one wound hematoma (9% vs. 0%, P=0.010). 
No other complications statistically differed.

Outcome data

In spinal alignment parameters, the preoperative SVA 
of 5.4 cm in the discharge-to-rehabilitation cohort did 
not statistically significantly differ from 5.1 cm in the 
discharge-to-home cohort (Table 2, Figure 2). As compared 
to preoperative measurements, the postoperative SVA 
increased to 8.0 cm in the discharge-to-rehab division 
versus decrease to 3.6 cm in the discharge-to-home division 
(P<0.001). 

Main results

Following a multivariable logistical regression controlling 
for mFI and male gender, the odds of discharge to rehab 
increases by 25% for every 1 cm increase in postoperative 
sagittal balance (ORadj =1.27, P=0.014) (Table 3). The 
strongest predictor of discharge to rehab was increasing 
decade of life (ORadj =3.13, P=0.041). A margins plot 
demonstrates increasing probability of discharge to rehab 
with increasing postoperative SVA, when controlling for 
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Table 1 Perioperative demographic data for patients discharged to home versus discharge to rehab

Discharge to home (n=72) Discharge to rehab (n=11) P

Pre-operative demographic data

Male gender, n (%) 34 (47.2) 3 (27.2) 0.215

Mean age ± SD (years) 63.9±1.3 73.1±1.6 0.002*

Mean weight (pounds) ± SD 199.1±5.1 173.7±7.7 0.067

Diabetes mellitus, n (%) 22 (30.5) 2 (18.18) 0.710

Congestive heart failure, n (%) 5 (6.9) 0 0.367

Hypertension, n (%) 50 (69.4) 7 (63.6) 0.699

Stroke with neurological deficit, n (%) 6 (8.3) 0 0.320

Functionally dependent, n (%) 3 (4.1) 0 0.490

Myocardial infarction, n (%) 5 (6.9) 0 0.367

Peripheral vascular disease, n (%) 10 (13.8) 4 (36.3) 0.064

Chronic obstructive pulmonary disease, n (%) 10 (13.8) 0 0.188

Coronary artery disease, n (%) 14 (19.4) 1 (9.0) 0.406

Altered sensorium, n (%) 0 (0.0) 0 (0.0) –

mFI ± SD 1.7±0.1 1.3±0.3 0.328

ASA, n (%) 0.658

Class 1 0 0

Class 2 25 (34.7) 5 (45.4)

Class 3 43 (59.7) 5 (45.4)

Class 4 4 (5.5) 1 (9.0)

Intra-operative parameters

Mean operative time ± SD (hours) 2.2±0.1 2.9±0.4 0.016*

Median number of interspaces fused (interquartile range) 1 (1, 2) 1 (1, 2) 0.072

Interbody fusion, n (%) 0.107

TLIF 60 (83.3) 9 (81.8)

LLIF 12 (16.6) 2 (18.1)

Durotomy, n (%) 2 (2.7) 1 (9.0) 0.109

Post-operative outcomes

Length of inpatient hospital stay, mean ± SD 2.0±0.1 5.0±1.5 <0.001*

Deep vein thrombosis, n (%) 0 1 (9.0) 0.010

Pulmonary embolism, n (%) 0 0 –

Myocardial infarction, n (%) 1 (1.3) 0 0.694

Urinary tract infection, n (%) 1 (1.3) 0 0.694

Ileus, n (%) 0 1 (9.0) 0.010*

Stroke with neurological deficit, n (%) 0 0 –

Table 1 (continued)
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Table 1 (continued)

Discharge to home (n=72) Discharge to rehab (n=11) P

Surgical site infection, n (%) 0 0 –

Wound dehiscence, n (%) 0 0 –

Wound hematoma, n (%) 0 1 (9.0) 0.010*

Death, n (%) 0 0 –

*, statistically significant values. mFI, modified Frailty Index; TLIF, transforaminal lumbar interbody fusion; LLIF, lateral lumbar interbody 
fusion; ASA, American Society of Anesthesia. 

Table 2 Postoperative spinal alignment parameters

Discharge to home Discharge to rehab P

Sagittal vertical axis ± SD (cm) 3.6±0.4 8.0±1.3 <0.001*

Pelvic tilt ± SD (degrees) 21.4±1.0 27.0±2.1 0.071

Lumbar lordosis ± SD (degrees) 51.5±1.4 47.8±4.9 0.366

Pelvic incidence-lumbar lordosis mismatch ± SD (cm) 5.6±1.6 10.3±4.7 0.341

*, statistically significant value. 
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Figure 2 While the preoperative mean SVA was equivalent between the discharge to home cohort (5.1±0.4 cm) and the discharge to rehab 
cohort (5.4±1.1 cm), the postoperative SVA was statistically significantly lower in the discharge to home cohort (3.6±0.4 cm) compared to 
the discharge to rehab cohort (8.0±01.3 cm) (P<0.001). SVA, sagittal vertical axis.



14 Macki et al. Spinal alignment on discharge disposition

J Spine Surg 2021;7(1):8-18 | http://dx.doi.org/10.21037/jss-20-596© Journal of Spine Surgery. All rights reserved.

Table 4 Sensitivity analysis of 3 different multiple regression models

Model Predictors of discharge AIC C-statistic
Hosmer-Lemeshow Goodness-

of-Fit test, P value

1 mFI, ASA classification, postoperative sagittal vertical axis (ORadj =1.27, 
P=0.014), increasing decade of life, male gender

54.45 0.87 0.938

2 mFI, ASA classification, postoperative lumbar lordosis (ORadj =0.97, 
P=0.344), increasing decade of life, male gender

61.12 0.77 0.565

3 mFI, ASA classification, postoperative pelvic incidence-lumbar lordosis 
mismatch (ORadj =1.01, P=0.560), increasing decade of life, male gender

56.15 0.75 0.546

Model 1 is the most appropriate based on three criteria: (I) AIC; (II) C-statistic corresponding to the area under the ROC curve; (III) P 
value of the Hosmer-Lemeshow Goodness-of-Fit test. mFI, modified Frailty Index; ASA, American Society of Anesthesia; AIC, Akaike’s 
Information Criteria. 

Table 3 Multivariable logistical regression analysis reporting 
adjusted odds ratios for predictors of discharge to rehab versus 
discharge to home

ORadj (95% CI) P

mFI 0.70 (0.30–1.66) 0.428

ASA classification 0.53 (0.09–2.93) 0.475

Postoperative sagittal vertical axis 1.27 (1.05–1.55) 0.014*

Increasing decade of life 3.13 (1.05–9.36) 0.041*

Male gender 0.27 (0.03–2.01) 0.201

*, statistically significant values. mFI, modified Frailty Index; 
ASA, American Society of Anesthesia.
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Figure 3 Margins plot illustrating that the probability of discharge 
to rehab (95% CI) increases with increasing postoperative SVA 
when controlling for mFI, ASA classification, postoperative SVA 
(cm), increasing decade of life, and male gender. SVA, sagittal 
vertical axis; mFI, modified Frailty Index. 

mFI, ASA classification, increasing decade of life, and male 
gender (Figure 3).

Sensitivity analysis

Multiple logistical regression modeling was based on three 
parameters: (I) AIC; (II) model discrimination via the 
C-statistic; and (III) model calibration via the Hosmer-
Lemeshow Goodness-of-Fit test (24). Of the three models 
enumerated in Table 4, a multiple logistical regression 
controlling for mFI, ASA Classification, postoperative 
SVA, increasing decade of  l i fe ,  and male gender  
(model 1) returned the lowest AIC of 54.45, suggesting the 
best model fit. With respect to model discrimination, the 
ROC curve for model 1 yielded a C-statistic of 0.87, which 
upholds excellent discrimination. Lastly, with respect to 
model calibration, the p-value of the Hosmer-Lemeshow 
Goodness-of-Fit test was not statistically significant 
(P=0.938). Adding covariates in multiple logistical regression 
modeling via a forward stepwise approach increased the 
AIC and/or decreased the C-statistic; therefore, a multiple 
regression model with the five covariates—mFI, ASA 
Classification, postoperative SVA, increasing decade of life, 
and male gender—was selected for the regression analysis in 
Table 3.

Discussion

Key results

In the current study of patients undergoing LLIF or 
TLIF operations, preoperative SVA was equivalent among 
patient discharged to home versus rehab. Interestingly, the 
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former group exhibited greater correction on postoperative 
SVA. In the regression analysis, every 1-cm improvement 
in postoperative sagittal balance increased the odds of 
discharge to home by 27%. 

Interpretation

Only a paucity of studies has investigated the effect of 
spinal alignment parameters on the discharge disposition 
of patients undergoing spinal fusion surgery. Our study 
indicates that patients with a higher sagittal balance 
following MIS lumbar interbody fusion for degenerative 
spine disease equated to higher rates of discharge 
to a rehabilitation facility versus home. Following a 
multivariable logistical regression analysis, the odds of 
discharge to rehabilitation facility increase by 27% for 
every 1 cm increase in postoperative sagittal alignment 
(Table 3). Because discharge disposition serves as a surrogate 
for favorable postoperative outcomes, our findings may 
profoundly alter patient outcomes (8). Multiple studies have 
found that patients discharged to a rehabilitation facility 
following lumbar fusion procedures have higher mortality 
rates, higher risks of minor and major postoperative 
complications (i.e., wound complications, infectious 
complications, pulmonary embolism, and myocardial 
infarction, etc.), higher readmission rates, and higher risks 
of returning to the operating room (5,29-32).

This study is unique in that, although preoperative 
SVA was equivalent between the home cohort and the 
rehabilitation facility cohort, patients discharged to 
a rehabilitation facility incurred a postoperative SVA 
significantly higher (8.0±1.3 cm) than patients discharged 
home (3.6±0.4 cm). This novel finding corroborates the 
established relationship between sagittal misalignment and 
poor outcomes seen in patients with adult spinal deformity. 
Glassman et al., by evaluating 352 patients with adult spinal 
deformity, first reported that positive sagittal alignment 
(mean SVA 57.7±51.2 mm) was linearly associated with 
pain and poor self-reported health-related quality of life 
measures (15). Subsequently, a wealth of studies reliably 
established an association of sagittal misalignment 
with postoperative pain and disability (9-14,33). These 
unfavorable outcomes undoubtedly hinder a working 
relationship between the patient and the physical therapist. 
In a prospective longitudinal study of patients undergoing 
spine surgery, Skolasky et al. investigated a postoperative 
patient’s propensity to engage in adaptive health behaviors, 
or “patient activation,” with the physical therapist (34). 

The Hopkins Rehabilitation Engagement Rating Scale—an 
objective and quantitative surrogate of patient activation—
was most strongly correlated with postoperative patient-
reported outcomes, specifically optimism and self-efficacy. 
The lack of patient activation then leans towards a discharge 
to a rehabilitation facility.

Our research on the unique correlation between 
sagittal balance and discharge disposition underscores how 
the surgical management of patients with degenerative 
spinal disease has adopted the principles of deformity 
surgery. Multiple publications demonstrate that at least 
40% of patients suffering from lumbar spondylolisthesis, 
spondylosis, degenerative disc disease, and canal stenosis 
exhibit sagittal misalignment (SVA ≥5 cm) (35-39). 
Jagannathan et al. first demonstrated that an improvement 
in sagittal alignment can be achieved following short-
segment TLIF in 80 patients with lumbar degenerative 
spine disease (38). Subsequently, Cheng et al. retrospectively 
examined 92 patients who underwent single-level TLIF to 
treat symptomatic lumbar degenerative spine disease (40).  
Patients were divided into three groups based on 
preoperative symptoms (1: low back pain, 2: radiculopathy, 
3: neurogenic claudication) and robust preoperative and 
postoperative radiographic measurements were taken (40). 
On long-term follow-up, clinical parameters measured 
by visual analog scales and the Oswestry Disability 
Index significantly improved following TLIF in all three 
groups. Sagittal alignment only significantly improved in 
the radiculopathy (ΔSVA −7.0±9.2 mm) and neurogenic 
claudication groups (ΔSVA −21.5±17.6 mm), with both 
groups achieving an SVA <50 mm (40). Building from 
these previous reports, our study found that 87% of 
MIS interbody fusion procedures resulted in significant 
improvement in SVA and subsequent discharge home rather 
than to a rehabilitation facility. Considering the established 
relationship between sagittal alignment and postoperative 
functional status, health-related quality of life outcomes, 
and patient satisfaction, our study is the first to also 
associate improved postoperative sagittal alignment with 
favorable discharge disposition.

Although sagittal  al ignment was independently 
associated with favorable discharge disposition in our study, 
prior studies have found patient age as one of the strongest 
independent predictors of postoperative discharge to a 
rehabilitation facility after lumbar fusion surgery (7,8,29,30). 
This finding was echoed in our statistical analysis, wherein 
the mean age of our patients discharged to a rehabilitation 
facility (73.1±1.6 years) was significantly older than the 
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patients discharged home (63.9±1.3 years) (Table 1). 
Following a multivariable logistic regression, age yields the 
strongest predictor of discharge to a rehabilitation facility 
with every decade of life increasing the odds of rehab 
discharge by three times (Table 3).

In conclusion, the findings of our study, coupled with 
the recognized negative consequences of admission to 
a rehabilitation facility, can serve to guide and inform 
preoperative patient assessments, surgical decision making, 
and postoperative disposition planning for patients 
undergoing MIS lumbar interbody fusion for degenerative 
spine disease. 

Limitations and generalizability

One limitation of this study is the statistically significant 
difference in operative time between the discharge to 
home cohort versus discharge to a rehabilitation facility 
cohort. While this difference may reflect a discrepancy in 
case complexity between the two groups, qualifying case 
difficulty was beyond the scope of this study. Calculation of 
radiographic parameters was limited to only one reading by 
a neurosurgery resident. Neither intraclass nor interclass 
correlations, or any other reliability assessments, were 
calculated. In terms of patient symptomatology, chief 
complaint—such as radiculopathy, neurogenic claudication, 
pure axial back pain—was not collected in the current 
study. Because these presenting symptoms have been 
included in the regression analyses of prior studies (40), the 
multivariable analysis presented in Table 3 is subject to an 
incomplete control of potentially confounding variables.

Our retrospective study design has inherent limitations. 
As with al l  retrospect ive studies ,  our results  are 
susceptible to an information bias, which was mitigated 
by standardizing data collection and outcome measures. 
Future prospective studies ascertaining the effect of spinal 
alignment parameters and discharge disposition may be 
required to validate our findings. 

Conclusions

Among one of the first reported in the literature, this 
unique study speaks to the growing impact of sagittal 
balance on patient outcomes. Of the 83 patients undergoing 
minimally-invasive lumbar interbody fusion, patients 
discharged to rehab had a statistically significantly higher 
SVA as compared to patients discharged to home. Following 
a multivariable logistical regression, the odds of discharge to 

rehabilitation increase with a higher postoperative sagittal 
balance. Although age represented the strongest predictor 
of discharge disposition, preoperative surgical planning that 
accounts for spinopelvic alignment will improve the odds of 
discharge to home postoperatively.
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