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ABSTRACT 
Study Design: Retrospective cohort study of prospectively enrolled database 

Objective: We analyze the recovery pattern of Adult Structural Spine Disorder (ASD) patients who 

underwent corrective surgery with Enhanced Recovery After Surgery protocol (ERAS+), including 

physical and psychological prehabilitation components, compared to non-ERAS protocol (ERAS-) up to 

2-years after surgery. 

Summary of Background Data: Spine surgery for ASD is often highly invasive, which can contribute 

to prolonged recovery. The trajectory of recovery may be accelerated by the application of enhanced 

recovery principles. 

Methods: Inclusion criteria were operative patients with ASD >18yrs with complete baseline, 90 days 

perioperative, and 2-year postoperative data. We assessed differences in baseline demographics, surgical 

details, baseline Health-Related Quality of Life (HRQL), and surgical outcomes between ERAS+ and 

ERAS- patients. Outcomes included adverse events, reoperations, and radiographic parameters such as 

sacral slope (SS), pelvic tilt (PT), pelvic incidence-lumbar lordosis (PI-LL) mismatch, sagittal vertical 

axis (SVA), lumbar lordosis (LL), T2–T12 kyphosis, and maximum Cobb angle. Additionally, HRQL 

measures included the PCS, ODI, NDI, EQ-5D, SRS-22r total and domain scores, NRS-Back, and NRS-

Leg. We used multivariable logistic regression and ANCOVA to adjust for confounding. 
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Results: 471 patients with ASD met inclusion criteria, with 59 designated ERAS+. Those individuals 

ERAS+ were older (64.1±13.0 vs 58.0±16.0;p=0.005), had a higher CCI, (2.4±1.8 vs 1.4±1.6;p<0.001), 

and exhibited a higher modified ASD frailty index (8.2±5.4vs6.3±4.9;p=0.019). Adjusted analysis 

demonstrated the ERAS+ cohort demonstrated lower likelihood of overall reoperations (OR:0.3; 

95%CI:0.13-0.89), and a lower likelihood of overall adverse events (OR:0.4;CI95%:0.19-0.93).  ERAS+ 

was more likely to achieve the MCID in the SRS-22r Total scores at 6 months(OR:3.1;CI95%:1.2-8.4), 

self-image domain at 6 months (OR:9.0;CI95%:1.6-50.0), in the pain domain at 6 months 

(OR:3.5;CI95%:1.01-11.9) and 1 year postoperatively (OR:2.6;CI95%:1.03-6.7), and in the SF-36’s 

physical component summary scores (PCS) at 1 year (OR:2.1;CI95%:1.05-4.2).  No other statistically 

significant differences in HRQL were observed at the remaining time points (P > 0.05). 

Conclusion:  Our work is the first to evaluate HRQL metrics and complication over two-years 

following ASD correction with ERAS. Despite presenting with more severe baseline frailty and higher 

comorbidity profiles, patients with ASD who underwent corrective surgery with an ERAS protocol 

experienced fewer short-term adverse events, and improved HRQL. We believe ERAS following ASD 

surgery leads to faster functional recovery, reduced postoperative deconditioning, and improved quality 

of life. 

 

Running Title: ERAS for Adults with Structural Spine Disorders 

 

Key Words: Adult Structural Spine Disorder (ASD); Enhanced Recovery After Surgery (ERAS); 

Opioid; Quality of life; Complication 

 
 
Key Points: 
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1) Patients with ASD who underwent corrective surgery and received an ERAS protocol reported 

fewer short-term adverse events in comparison to those who did not receive an ERAS protocol. 

2) Patients with ASD who underwent corrective surgery and received an ERAS protocol exhibited a 

reduced incidence of complications in comparison to those who did not receive an ERAS 

protocol. 

3) Patients with ASD who underwent corrective surgery and received an ERAS protocol 

demonstrated significant improvements in HRQoL in comparison to those who did not receive 

an ERAS protocol. 
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INTRODUCTION 

While Adult Structural Spine Disorder (ASD) corrective surgeries are highly effective in 

restoring spinal alignment, they carry moderate peri-operative risks. Postoperative morbidity ranges 

from 37% to 71% in recent studies1,2. These surgeries often result in acute postoperative pain, 

heightened perioperative opioid consumption, and delayed mobilization3,4. Consequently, these factors 

may culminate in additional patient morbidity, extended hospital stays, and delayed functional 

recovery5. 

The concept of Enhanced Recovery After Surgery(ERAS) provides a multidisciplinary, 

evidence-based framework for perioperative care aimed at improving pain management, hastening 

functional restoration, and minimizing physiological stress, with the added benefit of reducing 

healthcare costs6-8. Initially established in general surgery, ERAS protocols have been progressively 

embraced in the field of spine surgery. However, their implementation specifically to ASD surgery 

remains underexplored.9,10 While such approaches are thought to mitigate the associated increased risks 

and morbidity of ASD surgery, they may also lead to suboptimal pain control and increased risk of peri-

operative falls or accelerated discharge to a healthcare setting that is not ideal4,9,11-15. 

Existing studies are insufficient in providing a thorough examination of complication profiles 

and are limited by a lack of two to five-year midterm outcome follow-up. We sought to evaluate this 

issue in a sample of over 450 patients with follow-up out to 2-years following surgery. We hypothesized 

that patients with ASD undergoing spinal structural disorder corrective surgery with an ERAS 

protocol—comprising preoperative specialist consultations, psychological assessments, perioperative 

opioid-sparing strategies, and other components—would experience reduced complication and 

reoperation rates, along with improved health-related quality of life (HRQL), compared to those who did 

not receive similar pre, peri, and post-operative management. 

Text 
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METHODS 
Data Source and Study Design 

This retrospective analysis was conducted using data from a prospectively collected, single-

center database that included patients with ASD from 2012-2022. Prior to enrollment, Institutional 

Review Board(IRB) approval was obtained, and all participants provided informed consent. The study 

population consisted of adult patients aged 18 years or older underwent surgical correction of ASD. 

ASD was radiographically defined by one or more of the following criteria: a coronal Cobb angle of at 

least 20 degrees, a sagittal vertical axis of at least 50 mm, a pelvic tilt of at least 25 degrees, or thoracic 

kyphosis exceeding 60 degrees. Inclusion criteria specified that enrolled patients must have had 

complete radiographic and health-related quality of life data available at preoperatively, 90 days 

postoperatively, and 2-years(2Y) postoperatively. 

 

Data Collection and Radiographic Assessment 

Patients’ data were systematically recorded by surgeons using standardized data collection sheets 

and compiled within a single-center database. Radiographic images were obtained at each follow-up 

timepoint (six weeks (6W), six months (6M), one year (1Y), and two year (2Y) utilizing standing X-ray 

scoliosis films and EOS full-body imaging.  Images were measured with validated software (Surgimap, 

Nemaris Inc., New York, NY). Alignment was characterized by the following spinopelvic parameters as 

defined by the SRS-Schwab classification commonly employed in defining the degree of deformity: 

pelvic tilt (PT), the angle between the vertical and the line through the sacral midpoint to the center of 

the two femoral heads; pelvic incidence-lumbar lordosis mismatch (PI-LL), the difference between 

pelvic incidence and lumbar lordosis; and sagittal vertical axis (SVA), the plumb line from C7 to the 

postero-superior corner of S1)16. Vertebral pelvic angles were defined at the intersection of a line from 
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the femoral head axis to the center of each vertebra  and a line from the femoral head axis to the superior 

S1 endplate. Surgical variables collected for analysis included estimated blood loss(EBL), length of 

hospital stay(LOS), requirements for reoperation, operative time, modified ASD frailty index(mASD-

FI)17, Charlson Comorbidity Index(CCI), International Spine Study Group(ISSG) surgical invasiveness 

index18, and the number of levels fused. HRQL collected included the following: modified Oswestry 

Disability Index(ODI), SF-36 Physical Component Summary (PCS), Scoliosis Research Society 

Questionnaire 22r(SRS-22r), Neck Disability Index(NDI),  numeric pain rating scale(NRS)-back, NRS-

leg,  and the EuroQol five dimensions(EQ-5D). The parameter for quantifying the relative impact on 

quality of life, Minimal Clinically Important Difference(MCID), was defined as a threshold of 

improvement that is clinically relevant to the patient. MCID thresholds were based on previously 

published values for ODI (-15.0), NDI (-7.0), PCS (+4.9), NRS-Back (-1.2), NRS-Leg (-1.6), SRS-22r 

Pain (+0.587), SRS-22r Self-image (+1.17), SRS-22r Activity (+0.375), SRS-22r Mental Health (+0.55) 

and SRS-22r Total (+0.77)19-23. The Scoliosis Research Society-22r (SRS-22r) questionnaire's eleventh 

question (Q11) was used as a metric to assess and quantify opioid consumption, Q11 was dichotomized 

to “Yes” (Narcotics daily, Narcotics weekly or less) or “No” (Non-narcotics daily, non-narcotics weekly 

or less, or None), a method previously validated by Inclan et al.24, which demonstrates excellent 

sensitivity (96%) and specificity (92%) for opioid use in the peri-operative period, when interpreted as 

dichotomous variable. 

 

Cohort Selection and ERAS Protocol 

Patients undergoing ASD corrective surgery were stratified based on their enrollment in a Standard-

of-Care ERAS protocol initiated in 2018, categorized as ERAS+ versus ERAS−. Table 1 provides a 

detailed summary of the protocols. Preoperatively, patients in the ERAS group engaged in 

© 2024 Wolters Kluwer Health, Inc. All rights reserved. Unauthorized reproduction of the article is prohibited.

ACCEPTED

D
ow

nloaded from
 http://journals.lw

w
.com

/spinejournal by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0h
C

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dgG
j2M

w
lZ

LeI=
 on 12/05/2024



comprehensive educational sessions about enhanced recovery strategies, underwent preoperative 

medication reconciliation, and received optimization of analgesia through a multimodal regimen. 

Venous thromboembolism prophylaxis was implemented, routine admission to the intensive care unit 

was avoided, and efforts were made to expedite catheter removal and enhance discharge planning, 

including early post-discharge follow-up. Additionally, the ERAS protocol included the administration 

of paraspinal blocks by suitably trained professionals, typically anesthesiologists. The regimen for 

paraspinal blocks varied in both the volume and type of local anesthetic used, involving the infiltration 

of a medium-to-long-acting local anesthetic into the paravertebral space around the intended operative 

site immediately before surgery. Furthermore, patients in the ERAS group began physical therapy 

rapidly, starting on day 0 postoperatively. As part of their preoperative care, patients also participated in 

a rehabilitation program designed to enhance postoperative recovery. 

1. Physical prehabilitation: 

a. This consisted of targeted physical therapist-guided strengthening protocol consisting of 

twice weekly sessions for at least ≥3 weeks preoperatively of spinal muscle groups 

including the sternocleidomastoid, trapezius, levator scapulae, erector spinae muscle 

group, deep cervical flexors muscle group, the suboccipital muscles, and others. 

2. Psychological prehabilitation: 

a. Psychiatric or psychological evaluation preoperatively 

b. Cognitive behavioral therapy(CBT) 1–2× a week for ≥3 weeks preop exploring thoughts 

and expectations surrounding upcoming surgery and expected postoperative course 

c. Pain management consultation preoperatively 

3. Nutritional Prehabilitation: 

a. Preoperative dietetics assessment 
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b. Individualized dietary modification and supplementation 

c. Preoperative bone density assessment through dual energy x-ray absorptiometry and 

treatment based on T-scores 

 

All staff, physicians, administrators, and other team members involved in this protocol were selected 

based on experience, which helped eliminate bias related to individual skill sets. Additionally, training 

was provided to ensure consistency and quality across the team, with tasks assigned based on each 

member's expertise to minimize the need for extensive additional training. 

 

Classification and Categorization of Complications 

In this database, complications arising from the index surgery were systematically categorized 

into several groups: cardiac, pulmonary, gastrointestinal, implant-related, infectious, musculoskeletal, 

neurological, operative, radiographic, renal, vascular, and wound-related. These complications were 

evaluated across surgical phases: intraoperative, before discharge, perioperative(within 90 days of the 

index surgery after discharge), and postoperative (1) beyond 90 days and prior two years from the index 

surgery (2) after 2 years from the index surgery). At each phase, complications were classified by the 

enrolling surgeon based on the presence(yes/no) and severity(minor or major) based on Klineberg et 

al.25.  The total number of complications, rather than patients, are reported. If a patient experiences more 

than one complication within the same category, each instance can be counted separately.   Proximal 

junctional kyphosis (PJK) was defined using the criteria by Lovecchio 26et al., which includes a change 

of more than 22° from baseline in the proximal junctional angle (PJA), with a PJA exceeding 28°. 

Proximal Junctional Failure (PJF) is defined as the presence of PJK accompanied by the need for 

revision surgery or the presence of neurological symptoms. 
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Statistical Analysis 

Frequency distributions and summary statistics were computed for all demographic, clinical, 

surgical, and radiographic variables. The primary outcome of interest is the complication rate. 

Secondary outcomes include EBL, LOS, other hospital stay metrics, opioid usage, HRQL, and MCID of 

HRQL. Bivariate analyses were conducted to compare patients receiving a standardized Enhanced 

Recovery After Surgery(ERAS+) protocol to those who did not(ERAS-) across abstracted variables. 

Continuous variables were assessed for normality using Shapiro-Wilk tests and Categorical variables 

were analyzed using Levene's test for assessing for equal variance.  Difference in categorical variable 

were assessed using Pearson chi-square tests or Fischer's exact when expected counts were fewer than 

five, while differences in continuous variables were assessed using independent sample t-tests or Mann 

Whitney U tests as appropriate. ANCOVA and multivariable backward stepwise logistic regression were 

employed to evaluate differences in outcomes, adjusting for covariates with confounding potential, such 

as ISSG surgical invasives index, CCI, age, and gender. All statistical tests were two-tailed, and p<0.05 

were considered statistically significant. Statistical analyses were performed using SPSS software(IBM 

Corp., IBM SPSS Statistics for Windows, Version 29.0, Armonk, NY, USA). 

RESULTS 
 

Cohort Baseline Characteristics Comparison 

We included 471 patients in this analysis, with 59 patients in the ERAS+ group and 412 in the 

ERAS- group. Notably, the ERAS+ group had a higher mean age (64.1 ± 13.0 years vs. 58.0 ± 16.0 

years), a higher CCI (2.4 ± 1.8 vs. 1.4 ± 1.6), and a greater mASD-FI (8.2 ± 5.4 vs. 6.3 ± 4.9) compared 

to the ERAS- group. Additionally, patients in the ERAS+ group exhibited higher rates of arthritis, 
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cancer, depression, hypertension, kidney disease, and a greater mean number of comorbidities. Baseline 

PCS were also lower in the ERAS+ group (30.1 ± 9.5 vs. 33.0 ± 10.5). In the following sections, we 

accounted for these imbalances through appropriate multivariable analysis, ensuring a robust assessment 

of group differences while minimizing the impact of confounding variables. (Table 2) 

 

Cohorts Surgical Details Comparison 

ERAS+ was associated with significantly lower EBL (891 ± 929 vs 1452 ± 1248 ml; p<0.001), 

reduced transfusion rates (45% vs 60%; p=0.009), lower volumes of blood transfused (587.4 ± 374.3 vs 

1074.7 ± 777.6 ml; p<0.001), shorter operative times (274.1 ± 108.6 vs 336.4 ± 120.2 min; p<0.001), 

and decreased LOS (6.1 ± 2.5 vs 7.4 ± 3.8 days; p=0.014). ERAS+ was more likely to be discharged 

within 3 (15.3% vs 5.4%; p=0.004) or 4 days  (27.1% vs 13.2%; p=0.005), and the duration of each 

SICU admission was shorter(18.9 ± 18.0 vs 31.9 ± 29.6 hr; p=0.009). A detailed breakdown of the 

surgical specifics is presented in Table 2. 

 

Complication 

The ERAS+ group had a significantly lower rate of overall complications compared to the 

ERAS- group(50.8% vs 70.6%%;p=0.002; Table 3), overall major complication(6.8% vs 

25.5%;p=0.001), and overall medical complication(10.2% vs 23.3%;p=0.022) by 2-year. Multivariable 

logistic regression, accounting for age, gender, CCI, ISSG surgical invasiveness, indicated that the 

ERAS+ cohort had significantly lower odds of experiencing overall complications(OR:0.4; CI95%:0.25-

0.75;p=0.003), a lower likelihood of overall major complication(OR:0.2; CI95%:0.08-0.60; p=0.003), 

lower odds of experiencing overall medical complication(OR:0.37; CI95%:0.16-0.89; p=0.027), lower 
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likelihood of overall reoperation rate(OR:0.3; CI95%:0.13-0.89; p=0.029), and a lower likelihood of 

overall adverse event rate(OR:0.4; CI95%:0.19-0.93; p=0.033). 

When adjusting for age, gender, CCI, ISSG surgical invasiveness, multivariate analysis indicated 

that the ERAS+ cohort had significantly lower odds of experiencing intraoperative 

complications(OR:0.3; CI95%:0.13-0.90; p=0.030).  Prior to discharge, the ERAS+ group had a 

significantly lower rate of complications compared to the ERAS- group(8.5% vs 27.2%;p=0.002), lower 

rate of medical complication(5.1% vs 16.7%;p=0.001), and lower rate of adverse events(0% vs 

47%;p=0.006). When adjusting for age, gender, CCI, ISSG surgical invasiveness, multivariable analysis 

indicated that the ERAS+ cohort had significantly lower odds of experiencing complications prior to 

discharge(OR:0.2; CI95%:0.10-0.64; p=0.004).  Within 90 days of discharge, the ERAS+ cohort 

experienced a lower rate of complication 27.1% vs 40.5%; p=0.048) and medical complication(8.5% vs 

22.0%;p=0.015).  After 90 days and before 2 years of discharge, no statistical significance was found in 

complication, reoperation, and adverse events (p>0.05). 

In terms of comprehensive review of different type of complication, full breakdown is presented 

in  Supplemental Table 1. , Supplemental Digital Content 1, http://links.lww.com/BRS/C575 

 

Radiographic Analysis 

In terms of radiographic measurements, ANCOVA analysis showed no significant differences between 

groups at 2 years postoperatively after adjusting for baseline radiographic values (P > 0.05). In terms of 

radiographic complication, ERAS+ cohort had a lower rate of PJK at 2Y(13.6% vs 25.5%; p=0.045).  

When accounting for age, gender, CCI, ISSG surgical invasives index, baseline proximal junctional 

angle, multivariable backward stepwise analysis indicated that the ERAS+ cohort had significantly 

lower odds of experiencing PJK at 2Y(OR:0.46; CI95%:0.21-0.99; p=0.049) and a lower likelihood at 6 
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months(OR:0.3; CI95%:0.14-0.87 ; p=0.024). Full details of radiographic measurement and 

complications can be found in Table 4 and Table 5. 

 
 
 
HRQL 

At 6 weeks postoperatively, ERAS+ cohort had a higher SRS-22r self-image score in comparison 

to ERAS- cohort(4.1±0.8 vs 3.6±0.9;p=0.025).  No statistically significant for other HRQL were found 

in all time points(p>0.05; Table 6). In terms of opioid usage, no statistically significant differences were 

found in SRS-22r-Q11 scores at all time points(all; p>0.05; Table 6). 

In terms of MCID (Table 7), bivariate analysis demonstrated that ERAS+ cohort had a higher 

likelihood of reaching MCID at 1YR for PCS at 1Y(OR:2.1; CI95%:1.05-4.2; p=0.037) and SRS-22r 

Total (OR:3.11; CI95%:1.16-8.4; p=0.024). When accounting for baseline differences, such as age, 

gender, CCI, ISSG surgical invasives index, baseline SRS-22r pain score, multivariable backward 

stepwise logistic regression demonstrated that ERAS+ cohort had a higher likelihood of reaching MCID 

of SRS-22r pain at 6 months(OR:3.5; CI95%:1.01-11.9; p=0.048), at 1Y(OR:2.6; CI95%:1.03-6.7; 

p=0.042), and a higher likelihood of reaching MCID of SRS-22r self-image domain at 6 months(OR:9.0; 

CI95%:1.6-50.0; p=0.014).  Although ERAS+ had a lower rate of achieving MCID of SRS-22r self-

image domain at 2Y(42.9% vs 70.6%;p=0.009), after accounting for CCI, age, gender, multivariable 

analysis demonstrated that ERAS+ had no significant difference in likelihood of achieving MCID of 

SRS-22r self-image domain at 2Y(OR:0.8; CI95%:0.2-2.7; p=0.716). 

DISCUSSION 
The existing literature on patients with ASD undergoing corrective surgeries with ERAS 

protocols is sparse. ERAS protocols address the surgical stress response, a common consequence of the 

invasiveness of spinal structural disorder corrective surgery that heightens the risk of postoperative 
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complications and delay recovery27. Previous studies have primarily focused on outcomes such as LOS, 

EBL, disposition, and opioid usage28-30. We sought to provide a detailed evaluation of the effects of 

perioperative care on recovery patterns and to refine strategies by conducting a comprehensive analysis 

of complication outcomes and HRQL metrics over a longer duration and in a larger cohort than 

previously reported. Despite more severe baseline frailty scores and comorbidity profiles, those under 

ERAS protocols demonstrated significantly shorter hospital stays, reduced short-term morbidity, fewer 

complications in both the short and midterm, and improved HRQL at 6-month, 1-year, and 2-year. 

 

Kim et al.28 previously reported that ERAS patients experienced reduced EBL, had a higher proportion 

of patients ambulating by postoperative day one, and exhibited shorter hospital stays. Yuan et al.29 also 

reported a lower 90-day readmission rate in patients managed using ERAS. Additionally, the onset of 

assisted walking and bowel movement occurred approximately 1.9 and 1.7 days earlier, respectively, in 

the ERAS group. Analogous outcomes were corroborated by  other similar study 28,31. Our study 

corroborates these findings, showing that our ERAS+ cohort experienced significantly lower transfusion 

rates, reduced blood volume transfused, decreased operative times, and shorter lengths of stay. ERAS+ 

group were more likely to be discharged within 3 to 4 days and experienced shorter stays in the SICU. 

These outcomes suggest a potential for faster recovery, aligning with the goals of the ERAS protocol to 

enhance the efficiency of postoperative care. 

 

The existing literature on complication after ERAS protocol for ASD is sparse, often lacks 

descriptive depth, underpowered, and typically features only short-duration follow-up analyses28,29. In 

contrast, despite worse baseline frailty and comorbidity profiles, ERAS+ cohort demonstrated a 

significantly lower likelihood of experiencing overall complications, major complications, medical 
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complications, reoperations, and adverse events. These findings align with existing literature on spinal 

surgery, underscoring the potential benefits of ERAS protocols in reducing both perioperative and 

postoperative complications32-35. The significant negative impacts of such complications on 

mortality25,36 and resource utilization are well-documented37; for instance, a single postoperative 

complication can extend hospital stays by over two days, increase mortality rates, worsen outcomes, and 

inflate hospital charges. Additionally, McCarthy et al. identified an average cost increase of $2,887 per 

extra hospital day related to ASD procedures38. On the other hand, Carr et al. found that an enhanced 

perioperative care spine program was associated with significant cost reductions per case, averaging 

$62,42934,  primarily result from reductions in extended hospital stays, complications, readmissions, 

revision surgeries, and other associated expenses. These findings bolster our belief that integrating 

ERAS protocol can not only mitigate complication rates but also substantially reduce the long-term costs 

associated with complex spinal surgeries. 

 

Despite our protocol's emphasis on preoperative counseling and education focused on pain 

management for this cohort at risk for chronic pain and postoperative opioid dependency35, the ERAS+ 

cohort did not exhibit reduced opioid utilization. We believe this result may be attributed to the high 

baseline comorbidity burden of our cohort. Our ERAS+ patients carried significantly higher risk factors 

for opioid use as they exhibited high disability rates39 and a greater number of medical comorbidities40 at 

baseline. Nonetheless, we found that the use of ERAS did not lead to elevated rates of discharge to 

suboptimal environments, nor did it result in higher readmissions or reoperations in the two years 

following surgery.  At the same time, our ERAS+ patients demonstrated the usual anticipated benefits 

highlighted by prior literature, including lower adverse events and reduced hospital LOS28,29.  ERAS+ 

was more likely to achieve the MCID in the SRS-22r self-image domain at 6 months, in the pain domain 
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at both 6 months and 1 year postoperatively, SRS-22r total scores, and in the PCS at 1 year. These 

outcomes suggest a potential for faster functional recovery, reduced postoperative deconditioning, and 

improved quality of life. To our knowledge, ours is the first to evaluate HRQL metrics over two-years 

following ASD correction. 

 

Limitations 

We recognize several limitations inherent to the work. First, the retrospective nature of our analysis and 

the single center dataset introduce inherent biases, including selection, indication and expertise bias, 

along with incomplete data capture and restricted clinical variation. Confounding by indication in this 

cohort includes not only the decision to perform ASD surgery, but also the deployment of the ERAS 

protocol. Second, the historical cohort design poses additional limitations. Another limitation of this 

study is the relatively small sample size, which may reduce the statistical power and increase the 

likelihood of Type II errors. In addition to this, the possible imbalance in group sizes presents another 

challenge. Unequal group sizes can introduce bias, potentially skewing results toward the larger group 

and making it difficult to draw meaningful comparisons between groups. This imbalance could also 

limit the generalizability of the findings and increase the risk of confounding, as differences in outcomes 

might be attributed to group size rather than the variable of interest. Future studies with larger and more 

balanced group sizes are needed to confirm these findings and reduce the potential for bias. Another 

important limitation of this study is the inclusion of a broad age range, which may result in a sample that 

combines adults with idiopathic scoliosis and those with degenerative structural spine conditions. These 

two groups often have different underlying pathologies and treatment outcomes, making it difficult to 

interpret the results collectively. In our study, ASD was radiographically defined by meeting one or 

more of the following criteria: a coronal Cobb angle of at least 20 degrees, a sagittal vertical axis (SVA) 
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of at least 50 mm, a pelvic tilt of at least 25 degrees, or thoracic kyphosis exceeding 60 degrees. Some 

patients presented with deformities primarily in either the coronal or sagittal plane, but not both, which 

may account for the near-normal mean values when assessed across the entire cohort. The lack of this 

distinction is a significant limitation and could introduce confounding factors, impacting the clarity and 

applicability of the study’s findings. We also want to now acknowledge that the lack of statistically 

significant differences in some HRQL outcomes does not necessarily imply a lack of clinical relevance. 

For example, while some mean differences of HRQL may not have reached statistical significance, we 

do observed a trend of favoring ERAS+ cohorts, therefore the lack of stistatical significance HRQL still 

may suggest potential benefits that warrant further investigation. Another limitation of this study is the 

timing of ERAS implementation, which began after 2018. As a result, ERAS+ cases were accrued more 

recently compared to ERAS– cases, potentially introducing a time-related bias.. Over the period of our 

study from 2012 to 2022, surgical techniques, perioperative care, and patient selection criteria evolved, 

which could confound our finding41,42. While our analysis accounted for some variables such as age and 

baseline comorbidities, we could not control for all potential confounders, such as surgeon experience 

and institutional quality improvement initiatives. Future studies with more granular data on institutional 

changes and clinician experience over time are needed to better assess the independent effect of ERAS 

protocols. Another limitation of our study is the potential for bias due to the exclusion of patients with 

incomplete follow-up data. While our analysis included only cases with fully available follow-up 

information, this approach may have introduced selection bias, as patients lost to follow-up often present 

with different outcomes from those who complete follow-ups. These individuals may have worse 

outcomes, more complications, or lower compliance with postoperative care and study procedures, 

which could impact the generalizability of our findings. Additionally, we observed a potential imbalance 

in follow-up rates within the ERAS+ group, which we hypothesize may be associated with the COVID-
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19 pandemic. The ERAS+ protocol was implemented in early 2018, meaning the 2-year follow-up 

period coincided with the peak of the pandemic. The disruptions caused by COVID-19 likely affected 

patient compliance with scheduled follow-ups and participation in the study. While we aimed to 

minimize this impact, this limitation should be considered when interpreting the results. Furthermore, 

the relatively small sample size within the ERAS group may have reduced statistical power to detect 

some secondary affects and interactions. These limitations highlight the need for future prospective 

studies among more extensive cohorts.  At present our results should be interpreted as supportive of 

standardized ERAS implementation but they should not be seen as prescriptive. 

 

CONCLUSIONS 
Despite presenting with more severe baseline frailty and higher comorbidity profiles, patients with adult 

structural spine disorder who underwent corrective surgery with an ERAS protocol experienced fewer 

short-term adverse events, and improved HRQL including in the SRS-22 total scores, self-image domain 

and the pain domain, along with the PCS at 1 year. These findings suggest ERAS following ASD 

surgery leads to faster functional recovery, reduced postoperative deconditioning, and improved quality 

of life. To our knowledge, ours is the first to evaluate HRQL metrics over two-years following ASD 

correction. 
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Table 1. Enhanced Recovery After Surgery Protocol (ERAS) 
Pre-
Operative 

Specialist Consultations and Indications: 
1. Psychiatry: For patients with significant psychological burden (e.g., elevated 

DRAM score), Cognitive Behavioral Therapy (CBT) is recommended. Patients 
with active depression or psychological disorders are excluded from this 
protocol and should be seen by a psychiatrist for at least two weeks before 
surgery. 

2. Cardiology: All patients undergoing surgery involving more than four spinal 
levels must undergo a chemical exercise stress test, with treatment based on 
the results. 

3. Endocrinology: All patients with Type 2 Diabetes Mellitus (DMII) must be 
referred to endocrinology until their HbA1c is less than 7 to be enrolled in this 
protocol. 

4. BMI Optimization: Patients with a BMI greater than 30 are not enrolled in the 
protocol. They will undergo preoperative optimization until their BMI is below 
30. 

5. Osteoporosis Management: Patients with osteoporosis or at high risk of 
osteoporosis, based on a dual-energy X-ray absorptiometry (DEXA) scan, a T-
score less than -1.1, are offered an anabolic agent, administered for three 
months. Patients with a Hounsfield unit score of less than 80 are excluded 
from the protocol. 

6. Nutrition: All patients are screened for albumin levels. Those undergoing 
major surgery receive two weeks of nutritional supplementation, regardless of 
their baseline levels.

Psychological assessment, goal setting, setting recovery expectations 
 CBT was provided for two weeks, unless the therapist determined a need for 

longer therapy. If a major psychological disturbance was present, the patient 
was deemed ineligible for the ERAS protocol. Preoperatively, patients 
received education on pain management and setting expectations for 
postoperative care.

Chronic medication reconciliation
Peri-
Operative 

Opioid-Sparing Strategies: 
 Opioid-Sparing Approach: For all patients, opioid use is minimized 

preoperatively. Patients whose maximum daily morphine equivalent dose 
exceeds a safe threshold must reduce their intake before surgery; otherwise, 
they will not be candidates for this protocol. Preoperatively, patients receive 
IV Tylenol and Lyrica. Intraoperatively, the anesthesia team excludes 
ketamine and IV lidocaine, and instead utilizes a paraspinal block, local rectus 
block, and transabdominal block. Long-acting intrathecal 
bupivacaine/liposomal bupivacaine is also administered. A multimodal pain 
management regimen is used perioperatively.

Venous thromboembolism prophylaxis
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 VTE Prophylaxis: VTE prophylaxis begins 18 hours postoperatively with 
Lovenox or Eliquis, depending on dosage recommendations. Aspirin is not 
used for prophylaxis.

Early mobilization with physical therapists (Mobilization Milestones): 
 Physical and Occupational Therapy: Patients see both Physical Therapy (PT) 

and Occupational Therapy (OT) on the day of surgery, either in the ICU or 
PACU. They are assisted out of bed the same day and provided with a walker 
for initial ambulation. Nursing staff encourage safe ambulation, and chair time 
is increased daily. Preoperative instruction covers anticipated home care needs, 
and patients are discharged by POD 3 with efforts to maintain range of motion. 

 Patients were referred for balance, exercise, and coordination therapy, and they 
were seen by the same physical therapist (PT) postoperatively. The sets, 
repetitions, and load were determined by the PT based on each individual’s 
needs. Physical therapy resumed three weeks postoperatively. The therapy 
involved ambulation and gait training, spine safety education, upper extremity 
exercises, and home exercise program training. At three months 
postoperatively, the focus shifted to paraspinal exercises, range of motion 
(ROM) exercises, strength training, and cardiovascular conditioning.

Intensive care unit avoidance or minimization
Enhanced wound care protocol and expedited catheter/drain removal when possible 

 All patients receive plastic closures with their dressings remaining intact until 
POD 3, unless extending beyond T10. In this case, two superficial and two 
deep drains are placed. If the drainage is less than 30 cc, the drains are 
removed. Patients return in one week for drain removal. Prophylactic 
antibiotics (Deximoficin) are administered at 2 mg/day every eight hours.

Expedited discharge 
 Goal: Discharged by postoperative day (POD) 3.

Post-
Discharge 

Care team virtual follow-up (discharge day +1) 
 The care team aims for expedited discharge, with virtual follow-up being a 

novel part of the protocol. Nurse practitioners (NPs) and care managers 
conduct post-discharge follow-up one week and one month after discharge, 
with subsequent check-ins at 6 weeks and 6 months.

Pain-management consultation as soon as possible post-op and In-office consultation 
(2-3 weeks post-discharge) 

 Postoperatively, a pain consult is obtained to manage the multimodal regime 
unless contraindicated by renal function (e.g., eGFR). Patients receive IV 
Tylenol and Lyrica (75 mg twice daily) titrated to effect, with IV PCA 
discontinued at 6 a.m. on postoperative day (POD) 1. For patients previously 
on opioids, the regimen includes a combination of long-acting and short-acting 
opioids in the hospital, with discharge on short-acting opioids at 1.5-2.5 times 
their baseline dose. They are then transitioned to the weaning protocol at six 
weeks, with muscle relaxants given twice daily.

* In contrast to this protocol, ERAS- care typically involves no preoperative optimization or block use 
during surgery. Ketamine and IV lidocaine are not used perioperatively, and PT begins only on POD 1 
with once-daily sessions. Discharge delays often occur due to lack of prearranged services. 
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Table 2.  Cohorts Baseline Characteristics Comparison 
Mean ± SD ERAS+ (n=59) ERAS- (n=412) p-value 

Age (yr.), mean±SD 64.1 ±13.0 58.0 ± 16.0 0.005*a

BMI (kg/m2), mean±SD 27.6 ± 5.5 27.0 ± 5.8 0.428a 

CCI, mean±SD 2.4 ± 1.8 1.4 ± 1.6 <0.001*a 

Female (%) 69% 75% 0.347b 

Modified ASD Frailty Index, 
mean±SD 

8.2 ± 5.4 6.3 ± 4.9 <.013*a 

Depression (%) 32% 20% 0.035*b 

Arthritis (%) 48% 31% 0.01*b 

Cancer (%) 22% 11% 0.012*b 

Hypertension (%) 54% 29% <0.001*b 

Kidney Disease (%) 9% 3% 0.03*b 

Osteoporosis (%) 27% 17% 0.06b 

Mean Number of Comorbidities (%) 2.6 ± 1.7 1.6 ± 1.7 <0.001*a 

Smoker (%) 2% 6% 0.186b 

Surgical Details    

Operative Time (min.), mean±SD 274.1 ± 108.6 336.4 ± 120.2 <0.001*a 

Estimated Blood Loss (ml), 
mean±SD 

891 ± 929 1452 ± 1248 <0.001*a 

Transfusion Rate (%) 45% 60% 0.009*b 

Mean Blood Volume Transfused (cc), 
mean±SD 

587.4 ± 374.3 1074.7 ± 777.6 <0.001*a 

Mean Blood Unit Transfused (unit), 
mean±SD 

1.9 ± 1.0 3.4 ± 1.0 <0.001*a 

Crystalloid (ml), mean±SD 2400.0 ± 1007.5 2468.5 ± 1981.6 0.718a 

Colloid (ml), mean±SD 497.7 ± 457.3 616.9 ± 677.1 0.149a 

Osteotomy Rate (%) 64% 66% 0.808b 

Decompression Rate (%) 31% 49% 0.006*b 

Levels Fused, mean±SD 9.0 ± 4.1 11.3 ± 4.1 <0.001*a 

ISSG Surgical Invasiveness Index, 
mean±SD 

76.5 ± 34.8 93.8 ± 37.8 0.003*a 

SICU Admission Rates (%) 66% 65% 0.831b 

Mean SICU Duration (hr), mean±SD 18.9 ± 18.0 31.9 ± 29.6 0.009*a 

Length of Stay (days), mean±SD 6.1 ± 2.5 7.4 ± 3.8 0.014*a 

Discharge within 3 days (%) 15.3% 5.4% 0.004*b 

Discharge within 4 days (%) 27.1% 13.2% 0.005*b 
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HRQL mean±SD mean±SD  

PCS 30.1 ± 9.5 33.0 ± 10.5 0.048*a 

ODI 44.2 ± 16.2 42.8 ±19.1 0.650a 

NDI 25.3 ± 16.8 27.9 ±19.6 0.380a 

EQ-5D 0.8 ± 0.1 0.7 ± 0.1 0.660a 

SRS-22r 2.8 ± 0.7 2.8 ± 0.7 0.974a 

SRS-22r-Q11 “Yes”(%) 39.7% 37.1% 0.706b 

NRS-Back 7.1 ± 2.3 7.0 ± 2.4 0.804a 

NRS-Leg 5.0 ± 3.2 4.2 ± 3.3 0.107a 
aIndependent Sample t-test 
bChi-square 
 
Note: CCI scores are calculated based on a score out of 37. mASD-FI scores are calculated based on a 
score out of 21.  ISSG Surgical Invasiveness Index are calculated based on a score out of 8552 
(theoretically maximum). PCS scores are calculated based on a score out of 100. ODI scores are 
calculated based on a score out of 100. NDI scores are calculated based on a score out of 100.  SRS-22r 
Total scores are calculated based on a score out of 5. NRS-Back scores are calculated based on a score 
out of 10. NRS-leg scores are calculated based on a score out of 10. 
 
Abbreviation: Body Mass Index (BMI),  Charlson Comorbidity Index (CCI), International Spine Study 
Group (ISSG), Surgical Intensive Care Unit (SICU), modified Oswestry Disability Index(ODI), SF-36 
Physical Component Summary (PCS), Scoliosis Research Society Questionnaire 22r(SRS-22r), 
Scoliosis Research Society-22r questionnaire's eleventh question (SRS-22r-Q11)Neck Disability 
Index(NDI),  numeric pain rating scale(NRS)-back, NRS-leg, and the EuroQol five dimensions(EQ-5D) 
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Table 3. Cohort Complication Rate 
 ERAS+ (n=59) ERAS- (n=412) p-valuea 

Overall N (%) N (%)  

Complication 30 (50.8%) 291 (70.6%) 0.002*a 

Major 4 (6.8%) 105 (25.5%) 0.001*a 

Minor 19 (32.2%) 129 (31.3%) 0.890a 

Medical 6 (10.2%) 96 (23.3%) 0.022*a 

Surgical 23 (39.0%) 203 (49.3%) 0.139a 

Reoperation 8 (13.6%) 97 (23.5%) 0.085a 

Adverse Events 12 (20.3%) 132 (32%) 0.068a 

Intraoperative    

Complication 7 (11.9%) 93 (22.6%) 0.060a 

Major 0 (0%) 30 (7.3%) 0.032*a 

Minor 4 (6.8%) 37 (9.0%) 0.575a 

Medical 1 (1.7%) 14 (3.4%) 0.484a 

Surgical 4 (6.8%) 55 (13.4%) 0.150a 

Reoperation 1 (1.7%) 5 (1.2%) 0.758a 

Adverse Events 4 (6.8%) 41 (10.0%) 0.438a 

Before Discharge    

Complication 5 (8.5%) 112 (27.2%) 0.002*a 

Major 1 (1.7%) 7 (7.0%) 0.116a 

Minor 4 (6.8%) 52 (12.6%) 0.195a 

Medical 3 (5.1%) 69 (16.7%) 0.001*a 

Surgical 2 (3.4%) 14 (3.4%) 0.997a 

Reoperation 1 (1.7%) 32 (7.8%) 0.087a 

Adverse Events 0 (0%) 47 (11.4%) 0.006*a 

Within 90 days of Discharge    

Complication 16 (27.1%) 167 (40.5%) 0.048*a 

Major 3 (5.1%) 46 (11.2%) 0.135a 

Minor 12 (20.3%) 77 (18.7%) 0.762a 

Medical 5 (8.5%) 91 (22.0%) 0.015*a 

Surgical 9 (15.3%) 36 (8.7%) 0.112a 

Reoperation 1 (1.7%) 32 (7.8%) 0.087a 

Adverse Events 4 (6.8%) 57 (13.8%) 0.131a 

After 90 days and before 2 years of 
Discharge 

   

Complication 15 (25.4%) 142 (34.5%) 0.168a 
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Major 1 (1.7%) 24 (5.8%) 0.186a 

Minor 2 (3.4%) 29 (7.0%) 0.290a 

Medical 0 (0%) 1 (0.2%) 0.705b 

Surgical 3 (5.1%) 51 (12.4%) 0.100a 

Reoperation 6 (10.2%) 59 (14.3%) 0.387a 

Adverse Events 8 (13.6%) 51 (12.4%) 0.798a 

After 2 Years of Discharge    

Complication 2 (3.4%) 52 (12.6%) 0.037*a 

Major 0 (0%) 15 (3.6%) 0.136a 

Minor 2 (3.4%) 12 (2.9%) 0.840a 

Medical 0 (0%) 3 (0.7%) 0.511b 

Surgical 2 (3.4%) 24 (5.8%) 0.443a 

Reoperation 0 (0%) 6 (1.5%) 0.351a 

Adverse Events 0 (0%) 24 (5.8%) 0.057a 
aChi-square 
bFischer’s Exact test 
 
Abbreviation: N = number of complications. 
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Table 4 Cohorts Radiographic Outcome 
 ERAS+ (n=59) ERAS- (n=412) p-valuea 

Baseline mean ±SD mean ±SD  

SS(°) 31.8 ± 12.9 31.3 ± 12.5 0.790 

PT(°) 27.3 ± 10.7 23.9 ± 11.3 0.030* 

PI-LL(°) 19.5 ± 19.7 16.7 ± 22.6 0.356 

SVA(mm) 74.4 ± 68.0 70.7 ± 72.3 0.716 

LL(°) 39.6 ± 21.4 38.6 ± 22.7 0.765 

T2-T12 kyphosis(°) 41.2 ± 16.4 37.8 ± 22.1 0.162 

Max Cobb(°) -2.5 ± 37.2 4.1 ± 46.7 0.223 

6 Weeks    

SS(°) 34.8 ± 10.9 36.6 ± 10.7 0.242 

PT(°) 24.0 ± 9.8 18.7 ± 9.9 <0.001* 

PI-LL(°) 7.7 ± 13.3 1.6 ± 14.2 0.002* 

SVA(mm) 33.8 ± 46.6 23.3 ± 45.8 0.100 

LL(°) 51.2 ± 14.5 53.7 ± 14.4 0.214 

T2-T12 kyphosis(°) 49.6 ± 14.7 48.0 ± 16.7 0.486 

Max Cobb(°) -0.01 ± 20.2 1.8 ± 25.8 0.609 

6 Months    

SS(°) 31.9 ± 9.1 36.3 ± 11.5 0.079 

PT(°) 23.6 ± 12.0 19.0 ± 9.9 0.034* 

PI-LL(°) 2.0 ± 12.9 0.4 ± 14.4 0.609 

SVA(mm) 25.4 ± 47.2 15.8 ± 50.7 0.383 

LL(°) 53.6 ± 11.5 54.9 ± 14.7 0.680 

T2-T12 kyphosis(°) 55.8 ± 16.9 49.2 ± 17.6 0.084 

Max Cobb(°) -4.0 ± 21.4 4.8 ± 27.2 0.143 

1 Year    

SS(°) 35.8 ± 11.3 35.5 ± 10.6 0.880 

PT(°) 24.1 ± 10.3 19.7 ± 10.0 0.005* 

PI-LL(°) 7 ± 14.9 1.9 ± 14.7 0.024* 

SVA(mm) 32.1 ± 46.8 20.6 ± 50.5 0.137 

LL(°) 52.8 ± 16.1 53.3 ± 14.3 0.833 

T2-T12 kyphosis(°) 51.3 ± 14.6 49.4 ± 17.8 0.486 

Max Cobb(°) 0.0 ± 20.6 1.5 ± 26.5 0.652 

2 Year    

SS(°) 32.2 ± 11.3 34.9 ± 10.2 0.287 

PT(°) 25.7 ± 10.4 20.2 ± 9.8 0.025* 
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PI-LL(°) 5.0 ± 14.2 2.1 ± 14.7 0.430 

SVA(mm) 39.3 ± 46.9 24.5 ± 53.7 0.268 

LL(°) 52.9 ± 13.7 53.0 ± 14.7 0.983 

T2-T12 kyphosis(°) 56.3 ± 15.0 50.4 ± 18.5 0.198 

Max Cobb(°) 0.0 ± 21.4 2.4 ± 26.9 0.731 
aIndependent sample t-tests; all 
 
Abbreviation: Sacral Slope (SS), Pelvic Tilt (PT), Pelvic incidence-lumbar lordosis mismatch (PI-LL), 
sagittal vertical axis (SVA), Lumbar Lordosis (LL) 
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Table 5 Radiographic Complication 
 
 ERAS+ (n=59) ERAS- 

(n=412)
p-value 

6W N (%) N (%)  

Proximal Junctional Kyphosis 16 (27.1%) 120 (29.1%) 0.750a 

Proximal Junctional Failure 1 (1.7%) 13 (3.2%) 0.537a 

6M    

Proximal Junctional Kyphosis 6 (10.2%) 83 (20.1%) 0.067a 

Proximal Junctional Failure 1 (1.7%) 14 (3.4%) 0.486a 

1Y    

Proximal Junctional Kyphosis 13 (22.0%) 129 (31.3%) 0.146a 

Proximal Junctional Failure 0 (0%) 19 (4.6%%) 0.092a 

2Y    

Proximal Junctional Kyphosis 8 (13.6%) 105 (25.5%) 0.045*a 

Proximal Junctional Failure 3 (5.1%) 31 (7.5%) 0.498a 

Within 2Y    

Interbody Loosing/Dislocation 1 (1.7%) 7 (1.7%) 0.998a 

Rod Breakage/Dislocation 1 (1.7%) 32 (7.8%) 0.087a 

Screw Breakage/Loosing/Breach 2 (3.4%) 18 (4.4%) 0.727a 

Screw Nerve/Vascular Impingement 0 (0%) 2 (0.5%) 0.592b 

Pseudoarthrosis 2 (3.4%) 6 (1.5%) 0.282a 
aChi-square 
bFischer’s Exact test 
 
Abbreviation: Enhanced Recovery After Surgery(ERAS), N= number of complications. 
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Table 6. Cohort HRQL 
 ERAS+ (n=59) ERAS- (n=412) p-value 

6 Weeks mean ±SD mean ± SD  

PCS 27.9 ± 7.5 29.7 ± 8.1 0.368a 

ODI 46.2 ± 17.9 48.3 ± 18.0 0.409a 

NDI 31.2 ± 16.6 33.2 ± 20.8 0.750a 

EQ-5D 0.75 ± 0.04 0.74 ± 0.07 0.477a 

SRS-22r Total 3.1 ± 0.5 3.0 ± 0.6 0.643a 

Function 2.5 ± 0.6 2.5 ± 0.7 0.526a 

Self-Image 3.3 ± 0.9 3.3 ± 0.9 0.873a 

Mental Health 3.6 ± 0.8 3.5 ± 0.9 0.600a 

Pain 2.4 ± 0.7 2.4 ± 0.8 0.936a 

SRS-22r-Q11”Yes” (%) 11.3% 18.2% 0.216b 

NRS-Back 5.1 ± 3.2 5.4 ± 2.7 0.393a 

NRS-Leg 3.5 ± 3.3 3.0 ± 3.1 0.193a 

6 Months    

PCS 39.3 ±11.5 41.8 ± 11.6 0.923a 

ODI 30.8 ± 20.4 30.5 ± 19.6 0.949a 

NDI 33.0 ±18.4 30.1 ± 26.9 0.891a 

EQ-5D 0.78 ± 0.06 0.83 ± 0.13 0.624a 

SRS-22r Total 3.8 ± 0.8 3.5 ± 0.7 0.058a 

Function 3.5 ± 1.1 3.2 ± 0.8 0.095a 

Self-Image 4.1 ± 0.8 3.6 ± 0.9 0.025*a 

Mental Health 4.0 ± 0.9 3.7 ± 0.8 0.269a 

Pain 3.4 ± 1.1 3.1 ± 1.0 0.308a 

SRS-22r-Q11”Yes” (%) 60% 44.1% 0.173b 

NRS-Back 4.4 ± 3.3 3.8 ± 2.7 0.342a 

NRS-Leg 3.1 ± 3.7 2.4 ± 2.8 0.287a 

1 Year    

PCS 41.0 ± 11.7 40.6 ± 10.9 0.821a 

ODI 23.6 ± 20.5 27.0 ± 20.2 0.272a 

NDI 17.0 ± 14.7 22.2 ± 18.5 0.100a 

EQ-5D 0.83 ± 0.1 0.81 ± 0.1 0.147a 

SRS-22r Total 3.7 ± 0.8 3.6 ± 0.8 0.624a 

Function 3.7 ± 0.6 3.6 ± 1.0 0.412a 
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Self-Image 3.5 ± 1.0 3.6 ± 0.9 0.600a 

Mental Health 3.8 ± 0.8 3.8 ± 0.9 0.608a 

Pain 3.6 ± 0.9 3.4 ± 1.0 0.404a 

SRS-22r-Q11”Yes” (%) 51.1% 54.3% 0.674b 

NRS-Back 3.2 ± 2.9 3.5 ± 2.8 0.385a 

NRS-Leg 2.5 ± 2.8 2.5 ± 2.8 0.916a 

2 Year    

PCS 39.7 ± 9.0 41.8 ± 11.6 0.405a 

ODI 29.2 ± 24.8 15.7 ± 19.7 0.306a 

NDI 19.4 ± 12.0 19.6 ± 16.7 0.964a 

EQ-5D 0.79 ± 0.1 0.83 ± 0.1 0.065a 

SRS-22r Total 3.6 ± 0.6 3.7 ± 0.8 0.671a 

Function 3.7 ± 0.6 3.6 ± 1.0 0.600a 

Self-Image 3.3 ± 0.8 3.6 ± 1.0 0.173a 

Mental Health 3.8 ± 0.9 3.8 ± 0.9 0.925a 

Pain 3.4 ± 1.0 3.5 ± 1.0 0.565a 

SRS-22r-Q11”Yes” (%) 57.1% 58.8% 0.879b 

NRS-Back 4.7 ± 2.8 3.6 ± 3.1 0.113a 

NRS-Leg 2.9 ± 2.9 2.5 ± 2.9 0.593a 
aIndependent sample t-tests 
bChi-square 
 
Note: PCS scores are calculated based on a score out of 100. ODI scores are calculated based on a score 
out of 100. NDI scores are calculated based on a score out of 100.  SRS-22r total and domains scores are 
calculated based on a score out of 5. NRS-Back scores are calculated based on a score out of 10. NRS-
leg scores are calculated based on a score out of 10. 
 
Abbreviation: modified Oswestry Disability Index(ODI), SF-36 Physical Component Summary (PCS), 
Scoliosis Research Society Questionnaire 22r(SRS-22r), Scoliosis Research Society-22r questionnaire's 
eleventh question (SRS-22r-Q11)Neck Disability Index(NDI),  numeric pain rating scale(NRS)-back, 
NRS-leg, and the EuroQol five dimensions(EQ-5D). 
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Table 7. Rate of Achieving MCID 
 ERAS+ (n=59) ERAS- (n=412) p-valuea 

6 Weeks    

MCID PCS 25.0% 19.6% 0.600 

MCID ODI 15.8% 14.3% 0.763 

MCID NDI 9.1% 9.1% 1.000 

MCID SRS-22r Total 22.4% 19.6% 0.621 

MCID SRS-22r Function 20.7% 15.5% 0.322 

MCID SRS-22r Self-image 51.7% 58.3% 0.346 

MCID SRS-22r Mental Health 29.3% 27.2% 0.744 

MCID SRS-22r Pain 24.1% 23.7% 0.943 

MCID NRS-Back 50.0% 52.4% 0.740 

MCID NRS-Leg 72.7% 74.6% 0.771 

6 Months    

MCID PCS 61.2% 39.8% 0.086 

MCID ODI 33.3% 33.8% 0.967 

MCID NDI 50% 50% 1.000 

MCID SRS-22r Total 70% 42.7% 0.019* 

MCID SRS-22r Function 55.0% 44.1% 0.348 

MCID SRS-22r Self-image 90% 69.5% 0.053 

MCID SRS-22r Mental Health 25.0% 37.7% 0.258 

MCID SRS-22r Pain 70% 49.1% 0.073 

MCID NRS-Back 75% 63.2% 0.291 

MCID NRS-Leg 70.6% 79.3% 0.401 

1 Year    

MCID PCS 73.9% 57.4% 0.034* 

MCID ODI 61.2% 50.3% 0.153 

MCID NDI 18.9% 19.4% 0.944 

MCID SRS-22r Total 47.9% 51.5% 0.643 

MCID SRS-22r Function 62.5% 59.2% 0.665 

MCID SRS-22r Self-image 64.6% 68.2% 0.621 

MCID SRS-22r Mental Health 33.3% 43.8% 0.172 

MCID SRS-22r Pain 77.1% 66.7% 0.148 

MCID NRS-Back 73.5% 74.5% 0.873 

MCID NRS-Leg 82.6% 80.9% 0.778 
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2 Year    

MCID PCS 68.2% 59.2% 0.412 

MCID ODI 50.0% 52.0% 0.858 

MCID NDI 5.6% 15.9% 0.254 

MCID SRS-22r Total 38.1% 53.3% 0.182 

MCID SRS-22r Function 81% 64.6% 0.130 

MCID SRS-22r Self-image 42.9% 70.6% 0.009* 

MCID SRS-22r Mental Health 23.8% 42.9% 0.089 

MCID SRS-22r Pain 66.7% 66.7% 1.000 

MCID NRS-Back 54.5% 66.8% 0.246 

MCID NRS-Leg 65.0% 75.7% 0.293 
aChi-square; all test 
 
 
Abbreviation: modified Oswestry Disability Index(ODI), SF-36 Physical Component Summary (PCS), 
Scoliosis Research Society Questionnaire 22r(SRS-22r), Neck Disability Index(NDI),  numeric pain 
rating scale back scores (NRS-Back), numeric pain rating scale leg scores (NRS-leg), and the EuroQol 
five dimensions(EQ-5D). 
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