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Paper #134. Distribution of Curve Flexibility in Idiopathic Scoliosis - A Descriptive Study 

Simon Blanchard, BS; Matan Malka, BA; Ritt Givens, BS; Michael G. Vitale, MD, MPH; Benjamin D. Roye, MD, MPH  

 

Hypothesis  

Curve flexibility in adolescent idiopathic scoliosis (AIS) would be normally distributed and would correlate with patient 

characteristics such as body mass index (BMI), curve pattern and skeletal maturity.  

 

Design  

Multicenter retrospective cohort.  

 

Introduction  

Curve flexibility is an important variable for AIS outcomes. This study sought to determine the distribution of flexibility in a 

multi-center AIS cohort and investigate associated characteristics.  

 

Methods  

Surgical AIS patients enrolled in Harms Study Group (HSG) center were included. Flexibility was measured using lateral 

bending radiographs. The distribution was graphed using SPSS, and the relationship between flexibility and other 

parameters was assessed using t and chi square tests. Pearson’s R was used for regression analysis.  

 

Results  

4,574 patients (mean age: 14.5±2.2 years, 80.5% Female) met inclusion criteria. Mean flexibility was 72.0±11.6%. Both 

primary thoracic (Lenke 1+2, N=2895) and primary lumbar curves (Lenke 5+6, N=1030) followed a normal distribution. 

Mean thoracic curve flexibility was significantly higher than primary lumbar curve flexibility (71.4% vs 68.98%, p<0.001). 

Flexibility was inversely correlated with both higher age (p=0.002) and increased skeletal maturity (p=0.003). Patients who 

were a healthy weight had more flexible curves than those who were overweight (p = 0.019). Interestingly, and 

unanticipated, better SRS22 and SRS24 scores were associated with lower flexibility (p<0.03, p<0.01). Not associated with 

curve flexibility were sex (p=0.124), weight (p=0.536), and height (p=0.121). Surprisingly, thoracic curves were more flexible 

than lumbar curves (p<0.001). Increased BMI was associated with decreased flexibility in thoracic curves (p<0.001), but not 

with lumbar curves (p=0.963). Additionally for thoracic curves, those with a lumbar A modifier were significantly more 

flexible than B (p<0.001) and C (p<0.001) types. For sagittal parameters, normo-kyphotic and hypo-kyphotic curves were 

more flexible than hyperkyphotic curves (p=0.001).  

 

Conclusion  

This study describes a normal distribution of flexibility in a large population of surgical AIS patients. It also confirms 

previously described relationships between flexibility and various patient characteristics (age, maturity, BMI) with a 

significantly larger sample size than previous studies, as well as describing several new factors that correlate with curve 

flexibility.  
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Paper #135. Association Between Lower Bone Mineral Density and Increased Cobb Angle in Adolescent Idiopathic 

Scoliosis 

Takahiro Shibata, MD, PhD; Kazuki Takeda, MD, PhD; Satoshi Suzuki, MD, PhD; Toshiki Okubo, MD, PhD; Masahiro 

Ozaki, MD, PhD; Osahiko Tsuji, MD, PhD; Narihito Nagoshi, MD, PhD; Morio Matsumoto, MD, PhD; Masaya Nakamura, 

MD, PhD; Kota Watanabe, MD, PhD  

 

Hypothesis  

Bone mineral density (BMD) is associated with the curve severity of adolescent idiopathic scoliosis (AIS).  

 

Design  

A retrospective study of 348 surgically treated AIS patients.  

 

Introduction  

Few studies have examined the relationship between curve severity and BMD in large cohort. In this study, we investigated 

the relationship between preoperative BMD and anthropometric and radiographic parameters in AIS patients who 

underwent surgery.  

 

Methods  

A total of 501 AIS patients (54 males, 447 females) who underwent posterior corrective fusion were retrospectively 

reviewed. Skeletal maturity was assessed by Risser grade, and 348 patients (44 males, 304 females) who reached Risser 

grade 4 or 5 were selected from the population for study. Proximal femur BMD were assessed using dual-energy X-ray 

absorptiometry (DEXA). All patients were classified into normal (N group; Z-score>1) or low (L group; Z-score≦1) BMD 

group. Preoperative radiographic parameters (Cobb angle, C2-7 angle, TK, LL) were compared between the two groups. 

Furthermore, based on the Lenke classification, radiographic parameters were compared between the two groups in each 

curve type. Multiple regression analysis was conducted to identify the independent risk factors of curve severity. Correlation 

analysis of the Z-scores of BMD with BMI and Cobb angle was also conducted.  

 

Results  

Of the 348 patients, 242 (70%) were in the N group and 106 (30%) in the L group. BMI was 19.6±2.3 kg/m2 in the N group 

and 17.9±1.9 kg/m2 in the L group. The Cobb angle was significantly larger in the L group (59.3±11.8°) compared to the N 

group (51.4±9.1°; p<0.01), with no significant differences in sagittal parameters. 189 (54%) were classified as Lenke type 1 

and 78 (22%) as Lenke type 5, with significantly larger Cobb angle in the L group for both curve types. Multiple regression 

analysis revealed that Z-scores of BMD was the independent factor significantly related to the magnitude of the Cobb angle 

(B=-0.33, p<0.01). There was a significant positive correlation between Z-score of BMD and BMI (r=0.41, p<0.01) and a 

significant negative correlation between Z-score of BMD and Cobb angle (r=-0.37, p<0.01).  

 

Conclusion  

AIS patient with lower BMD had significantly larger Cobb angles, suggesting an association between low BMD and 

increased AIS severity. This underscores the potential need for early BMD screening and therapeutic interventions in AIS 

patients.  
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Paper #136. Development of Scoliview: An Artificial Intelligence Tool for the Automated and Reproducible 

Calculation of Cobb Angles 

Germán Casabó-Vallés, MS; Gisselle Pérez-Machado, PhD; Rosa M. Egea-Gámez, MD, PhD; Judit Sánchez-Raya, MD, 

PhD; Inmaculada Vilalta-Vidal, MD; Pedro Rubio Belmar, MD, PhD; Judith Salat, PhD; María Gallán, MD; Carles Fabres-

Martin, MD; Paloma Bas Hermida, MD; Carmen Martínez-González, MD; Juan Bago, MD, PhD; Marta Gómez, MD; Miquel 

Bovea, MS; Rafael Gonzalez-Diaz, MD, PhD; Rocio Garcia-Garcia, MS; Amalia Capilla, PhD; Eva García-López, PhD; José 

Luis García-Giménez, PhD; Teresa Bas, MD, PhD; Salvador Mena, PhD  

 

Hypothesis  

Inter-observer variability in Cobb angle(s) calculation is the main cause of diagnosis uncertainty in Adolescent Idiopathic 

Scoliosis (AIS). Developing an Artificial Intelligence (AI) tool capable of processing any provided anteroposterior spine x-ray 

image and estimating its Cobb angle(s) without human intervention will provide robust and precise values to support better 

clinical decision-making.  

 

Design  

Multicentre, ambispective  

 

Introduction  

AIS is an abnormal lateral curvature of the spine with an unknown cause that affects 3% of the pediatric population 

worldwide. The gold standard diagnostic test involves manually measuring the spinal column deviation by determining the 

Cobb angle on a full spine X-ray image. This measurement involves a subjective interpretation of vertebrae position that 

increases the risk of Cobb angle(s) miscalculation.  

 

Methods  

First, we collected 500 full spine X-ray images from patients under 17 years old with Cobb angles from mild to severe from 

four reference hospitals in Spain. Each image was anonymized and measured by 3 independent surgeons who annotated 

the region corresponding to the spine and measured the Cobb angles. In total, we collected 1500 measurements for 

analysis and AI model training. We have developed a deep learning pipeline featuring two specialized AI models, both 

based on Convolutional Neural Networks (CNNs). The first model is designed to detect the spine's curvature from X-ray 

images, providing a preliminary analysis of spinal alignment. The second model advances this analysis by identifying 

individual vertebrae and accurately estimating the Cobb angles, offering detailed insights into the specific curves of the 

spine.  

 

Results  

Our preliminary analysis, which was conducted on an image subset representing 85% of our image data, reveals that in 

88% of the cases, the deviation in Cobb angle measurement by our AI model is less than 5 degrees when compared with 

the mean of the measurements made by experienced clinicians. These promising initial findings lay a solid foundation for a 

more in-depth analysis.  

 

Conclusion  

We anticipate that our tool ScoliVIEW will be capable of processing any provided anteroposterior spine x-ray image and 

estimate its Cobb angle(s). Moreover, our tool will be embedded in a web application designed to be fast, simple and 

intuitive for use by both specialized surgeons and non-specialized clinicians.  
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Paper #137. Improvement in Axial Rotation with Bracing Reduces Risk of Curve Progression in Patients with 

Adolescent Idiopathic Scoliosis 

Michael Fields, MD, BS; Christina C. Rymond, BA; Ritt Givens, BS; Matan Malka, BA; Matthew Simhon, MD; Hiroko 

Matsumoto, PhD; Gerard F. Marciano, MD; Afrain Z. Boby, MS, BS; Benjamin D. Roye, MD, MPH; Michael G. Vitale, MD, 

MPH 

 

Hypothesis  

Pre-brace axial vertebral rotation (AVR) as well as in-brace correction of AVR correlate with progression of Cobb Angle in 

patients with Adolescent Idiopathic Scoliosis (AIS).  

 

Design  

Single-center retrospective cohort.  

 

Introduction  

While in-brace coronal plane correction is commonly used as a proxy for brace efficacy, emerging evidence supports the 

importance of three-dimensional (3D) in brace correction for AIS patients. This study investigated the relationship between 

axial plane parameters and treatment failure in patients undergoing brace treatment for AIS.  

 

Methods  

AIS patients (Sanders 1-5) undergoing Rigo Chêneau bracing at a single institution were included. AVR was determined by 

utilizing pre-brace and in-brace (3D) spinal reconstructions based on biplanar low dose EOS® radiographs. The primary 

outcome was treatment failure defined as coronal curve progression >5°. Minimum follow-up was two years.  

 

Results  

75 patients (61/75, 81% female) were included in the final cohort. Mean age at bracing initiation was 12.8±1.3 years and 

patients had a pre-brace major curve of 31.0°± 6.5°. Twenty-five (33%) patients experienced curve progression >5°, and 18 

of these 25 required surgical intervention. Patients who progressed had larger in-brace absolute AVR than those who did 

not progress (5.8°±4.1° vs. 9.9°±7.6°, p=0.003), but also larger initial coronal curve measures. The magnitude of in-brace 

AVR did not appear to be associated with treatment failure after adjusting for pre-brace major curve (Hazard Ratio (HR): 

0.99, 95% Confidence Interval (CI): 0.94-1.05, p=0.833). However, patients with improvement of AVR with bracing had an 

85% risk reduction in treatment failure versus those without improvement (HR: 0.15, 95% CI: 0.02-1.13, p=0.066), after 

adjusting for pre-brace major coronal curve, at final follow-up, 42/50 (84%) patients who did not progress had a Sanders ≥7.  

 

Conclusion  

While absolute in-brace rotation was not an independent predictor of curve progression (due to its correlation with curve 

magnitude), improved in-brace AVR was a significant predictor of curve progression. This study is the first step toward 

investigating the interplay between three-dimensional parameters, skeletal maturity, compliance, and brace efficacy, setting 

the stage for an ongoing prospective multicenter study.  
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Table 1. Baseline characteristics of treatment failure vs. treatment success group 
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Paper #138. Socioeconomic Disparity Limits Opportunity for Conservative Management of Adolescent Idiopathic 

Scoliosis 

Jennifer A. Dermott, BSc(PT), MSc; Liisa Jaakkimainen, MD, PhD; Teresa To, PhD; Maryse Bouchard, MD, FRCS(C); 

Andrew Howard, MD, MS; David E. Lebel, MD, PhD 

 

Hypothesis  

Socioeconomic status (SES) and healthcare utilization impacts timing of adolescent idiopathic scoliosis (AIS) presentation in 

public healthcare.  

 

Design  

Retrospective case-control  

 

Introduction  

Brace treatment minimizes risk of scoliosis progression to surgical range; however, many AIS patients present too late to be 

considered an ideal brace candidate, contributing to a higher than necessary surgical burden. This study evaluates the 

association of SES and public healthcare utilization with late AIS presentation to a spine specialist. Late presentation is 

defined as a Cobb angle ≥50° or >40° and ≤Risser 2.  

 

Methods  

All AIS patients aged 10-18 years, seen for initial consultation in a single tertiary care spine program between 2014-21 were 

linked to provincial health administrative databases. Linked data included: age, sex, body mass index (BMI), Cobb angle, 

and Risser score. Material deprivation, an area-level poverty index, and individual-level immigration data were proxies for 

SES. Utilization of health services in the 5 years before presentation was represented by physician outpatient visits stratified 

by specialty and annual health exams. A comparative analysis was conducted between youth referred late/not late. 

Variables that increased the probability of late presentation and adjusted odds ratios (OR) were significant at p<0.001.  

 

Results  

In total 2732 AIS patients (82% female) were included, average age 14.1 (±1.7, 10.0-17.9), mean Cobb angle 37.6° (±14.4, 

10-95°) and BMI 20.4 kg/m2(±5.2, 12.2-54.5). The volume of late referrals was 27% (n=728). A significantly higher 

proportion of the late cohort were Risser 0-1, in the most materially deprived quintile (Q5), had no annual health exams, and 

had not seen a paediatrician (Table 1). The probability of presenting late increased with deprivation (Q1=0.22 vs Q5=0.34, 

OR 1.66) and decreased when the primary care provider was a paediatrician versus a general practitioner (from 0.35 to 

0.13, OR 0.3), and with regular annual health exams (0=0.32 vs 5=0.11, OR=0.37).  

 

Conclusion  

Lower SES and healthcare utilization both increase the probability of late AIS presentation, limiting opportunities for 

conservative management. Those having regular annual health exams were least likely to present late, suggesting a 

possible role for routine screening for scoliosis within a public health care system.  
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Paper #139. Effects of Schroth Scoliosis Specific Exercise in Adolescent Idiopathic Scoliosis - A Prospective, 

Randomized Clinical Trial 

Kenny Y. Kwan, MD; Lee Yin Goh, MS; Aldous CS Cheng, BS; Anjaly Saseendran, BS 

 

Hypothesis  

Schroth Scoliosis Specific Exercise (SSE) during bracing is more effective than bracing alone in reducing curve progression.  

 

Design  

Prospective, randomized, assessor- and statistician-blind clinical trial.  

 

Introduction  

The role of Schroth SSE in patients with adolescent idiopathic scoliosis (AIS) who are at high risk of curve progression is 

controversial. This study was conducted to determine the effectiveness of Schroth SSE during bracing compared with 

bracing alone in reducing curve progression in AIS at skeletal maturity, according to the SRS-SOSORT criteria.  

 

Methods  

This institutional review board approved study (NCT03305185) was conducted in a single centre. Patients diagnosed with 

AIS who fulfilled the SRS criteria for bracing were randomized to receive Schroth SSE in conjunction with bracing (Group A) 

or bracing alone (Group B). Power analysis showed that 110 patients were needed to detect a 29% difference in curve 

control rates (deterioration of Cobb>=6deg) between the 2 groups, and an attrition rate of 15%. Follow-up was performed at 

3 months, 6 months, 12 months and annually until skeletal maturity. Data and EOS imagings were collected and analysed 

by blinded assessors and statistician.  

 

Results  

There was no difference in age, gender, pretreatment curve magnitude or stage of skeletal maturity between the 2 groups. 

There was no significant difference in brace compliance between the 2 groups (12.26.1 hr vs 13.06.7 h, p=0.51, 95% CI -

3.5-1.7). The overall SSE compliance was assessed by: (1) mean number of days of exercise per week (4.21.9); (2) mean 

therapy attendance (88.015.8%); and (3) mean objective score by therapist (80.222.3%). At skeletal maturity, 23.5% of 

patients progressed 6o in Group A vs. 31.1% in Group B (p=0.49, 95% CI 0.3-1.9). 9.8% of patients in Group A reached 

the surgical threshold (Cobb 50o) vs. 13.3% in Group B (p=0.75, 95% CI 0.2-3). There was no significant difference 

between the 2 groups in any of the patient-reported outcome scores (SRS-7, EQ-5D-5L, TAPS and NRS). No serious 

adverse events occurred in both groups.  

 

Conclusion  

In AIS patients who were at high risk of curve progression, this prospective randomized clinical study showed that Schroth 

SSE during bracing did not reduce curve progression rate nor rate of progression to the surgical threshold compared with 

bracing alone.  
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Paper #140. Rapid Response During Spinal Deformity Surgery Can Successfully Save Spinal Cord Function Using 

Intraoperative Monitoring 

Munish C. Gupta, MD; Alekos A. Theologis, MD; Ganesh Swamy, MD, PhD; Go Yoshida, MD, PhD; Michael P. Kelly, MD; 

Thorsten Jentzsch, MSc; Samuel Strantzas, MSc, DABNM; Saumyajit Basu, MS(Orth), DNB(Orth), FRCSEd; Kenny Y. 

Kwan, MD; Justin S. Smith, MD, PhD; Ferran Pellisé, MD, PhD; So Kato, MD, PhD; Zeeshan M. Sardar, MD; Christopher P. 

Ames, MD; Kristen E. Jones, MD, FAANS; Anastasios Charalampidis, MD; Brett Rocos, MD, FRCS; Lawrence G. Lenke, 

MD; Stephen J. Lewis, MD, FRCS(C) 

 

Hypothesis  

Intra-operative neuromonitoring (IONM) is used in spinal deformity surgery to detect changes in neural function which can 

be reversed with rapid response to prevent neural deficits.  

 

Design  

Prospective  

 

Introduction  

IONM is used in spinal surgery to detect changes in neural function to prevent neural deficits. We assessed the use of 

IONM and rapid response in preventing neurologic deficits during complex cord-level deformity surgeries.  

 

Methods  

20 centers prospectively collected data on pts. undergoing surgery. We included ages 10-80 yrs., neuro intact, Cobb>80° or 

spinal osteotomy with EMG, SSEP, and MEP and detailed neuro exams. IONM changes with amplitude loss of >50% in 

SSEP or MEP from baseline or sustained EMG activity lasting >10 seconds. Types and rates of IONM alerts and intra-

operative responses were assessed.  

 

Results  

349 pts. with 16% having alerts. Ave. age 23.417.2 yrs., F (77.2%) primary surgery (82.5%) for scoliosis (77.2%) or 

kyphosis (24.6%) a posterior-only (99.4%; mean levels 12.23.3). Osteotomies 93% [PCO (type 2)-43, PSO (type 3/4)–5, 

VCR (type 5/6)–10]. The pts. with alerts had larger Cobb (73.4° v. 61.3°; p=0.008) and deformity angular ratios (DAR) (11.0 

vs. 8.3; p<0.001). There were 81 alerts with 1-alert (71.2%), 2-alerts (19.3%) and 3-alerts (19.3%). MEP alerts (76.5%; 

unilateral-53.2%; bilateral-46.8%). Combined MEP+SSEP alerts in 17.5%. Events before the alert were release/osteotomy 

(57.9%), correction/rod placement (21.1%), and instrumentation placement (18.4%). Osteotomy/release was the common 

cause of unilateral IONM alerts and rod placement/correction was for bilateral IONM alerts. Rapid response (i.e., 

anesthesia, rod and/or implant) reversed 80% of the IONM changes. There were 25.0% new neurological deficits, 21.4% 

root dysfunction (LEMS decrease), and 5.8% had sensory dysfunction. Nerve roots deficits in 4.9% of patients without alerts 

(i.e., false negatives). No spinal cord syndrome occurred without alerts (cord-level false negative).  

 

Conclusion  

MEP changes occur more commonly in patients with larger Cobb and DARs. The majority (80%) of alerts can be reversed 

with rapid response. There were no false negatives for cord syndromes, but 4.9% false negative rate in detecting nerve root 

level deficits highlighting the need for more sensitive detection modalities for nerve root function.  
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Paper #141. The Effect of Intravenous Infusion of Lidocaine on Intraoperative Neurophysiological Monitoring 

During Adolescent Idiopathic Scoliosis Surgery 

Mohd Shahnaz Hasan, MBBS; Chong Huey Nee, MBBS; Lee Zheng-Yii, PhD; Chee Kidd Chiu, MBBS, MSOrth; Chris Yin 

Wei Chan, MD, MSOrth; Mun Keong Kwan, MBBS, MSOrth; Siti Nadzrah Yunus, MBBS  

 

Hypothesis  

Intravenous (IV) lidocaine used as an analgesic adjunct perioperatively to reduce opioid consumption has an effect on 

intraoperative neurophysiological monitoring (IONM).  

 

Design  

Retrospective study  

 

Introduction  

Intravenous (IV) lidocaine is increasingly used as an analgesic adjunct to reduce opioid consumption but studies evaluating 

its effect on intraoperative neurophysiological monitoring (IONM) is limited. The aim of this study is to evaluate the effect of 

IV lidocaine on both somatosensory evoked potential (SSEP) and motor evoked potential (MEP) in adolescent idiopathic 

scoliosis (AIS) surgery.  

 

Methods  

We performed a retrospective analysis of 115 patients from 2020 to 2023. All patients received total intravenous 

anaesthesia (TIVA). 59 patients who received IV lidocaine (Lidocaine group) was given 1.5 mg/kg bolus at induction 

followed by 2 mg/kg/hour infusion until wound closure. The data from these patients was matched to 56 patients who did not 

receive lidocaine. 2 neurophysiologists reviewed the SSEP and MEP recordings. Measurements were obtained at different 

time points: T0 at pre-operative baseline, T1 at 10 minutes post induction and T2 at wound closure.  

 

Results  

Demographic data was similar between the groups. There were no differences in the MAP, HR, temperature, and depth of 

anesthesia. The MEP amplitudes over the right tibialis anterior and bilateral abductor hallucis were significantly lower at 

both T1 and T2 time points in the Lidocaine group. MEP latency was similar between the 2 groups. For SSEP, significant 

reduction of bilateral cortical amplitudes and significantly prolonged left cortical latency were noted at T1 and T2 time points 

in the Lidocaine group. (p<0.05 were considered significant for all measurements)  

 

Conclusion  

IV lidocaine infusion given as an analgesic adjunct during TIVA in AIS surgery caused a significant reduction in SSEP and 

MEP amplitudes and an increase in SSEP latency. Future randomised controlled trial should be performed to confirm the 

above findings.  
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Paper #142. Intensive Rehabilitative Treatment for AIS Patients with a Major Curve of 40-60° Who Refused Surgery 

Tianyuan Zhang, PhD; Wenyuan Sui, MD; Yaolong Deng, MD; Huang Zifang, MD, PhD; Yang Junlin, MD, PhD  

 

Hypothesis  

This study introduced the protocol of intensive rehabilitative treatment comprising of bracing management and 

physiotherapeutic scoliosis-specific exercises (PSSE) and evaluated its effectiveness in AIS patients with a major curve of 

40-60° who refuse surgery.  

 

Design  

A prospective cohort study.  

 

Introduction  

Current guidelines for brace management of AIS are mostly recommended for curves between 25° to 40°. For curves >40°, 

surgery is often considered since bracing may be less effective. However, there are still some patients and families who 

refuse operation. Therefore, further research is necessary to determine optimal bracing management in this group.  

 

Methods  

10-18 years old AIS patients having 40-60°curves and a Risser grade of 0-3, but firmly refusing surgery were eligible. A 

total of 82 patients were recruited. The primary outcome was defined as "success" when the main curve was below 50° 

upon reaching skeletal maturity, and "failure" if otherwise. The secondary outcome was defined as improved (>5° 

reduction), unchanged (≤5° change) or progressed (>5° increase) based on the evolution of the main curve. The per 

protocol (PP) and intent to treat (ITT) analyses were performed to quantify success rates, while the dropouts were 

considered as failures. Risk factors associated with bracing failure were identified and a receiver operating characteristic 

(ROC) curve was used to determine the cut-off value.  

 

Results  

A total of 77 patients completed the treatment, while 5 dropped out. The average main curve was 47.40±5.93° at baseline 

and 38.56±11.85° at last follow-up (P<0.001). Our management was successful in 83% and 78% of patients based on the 

PP and ITT analyses, respectively. When compared with the curve magnitude at baseline, 65% patients improved, 30% 

remained unchanged, and 5% progressed when using a 5° threshold. Univariate comparison and logistic regression 

analysis demonstrated that patients with successful outcomes had a significantly smaller baseline curve, larger Risser 

Stage, and larger in-brace correction (IBC) rate.  

 

Conclusion  

For AIS patients with 40-60° curves who refused surgery, our intensive bracing management along with PSSE was practical 

and effective, achieving success in 78% of patients based on an ITT analysis. A larger baseline curve, smaller Risser Stage, 

and smaller IBC rate were associated with treatment failure.  
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An AIS case with lumbar curve of 50° 
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Paper #143. Optimal Selection of Lower Instrumented Vertebra Can Minimize Distal Junctional Kyphosis After 

Posterior Spinal Fusion for Thoracic Adolescent Idiopathic Scoliosis 

Yusuke Hori, MD, PhD; Akira Matsumura, MD, PhD; Takashi Namikawa, MD, PhD; Norihiro Isogai, MD, PhD; Luiz Silva, 

MD; Burak Kaymaz, MD; Petya Yorgova, MS; Peter G. Gabos, MD; Nicholas D. Fletcher, MD; Michael P. Kelly, MD; Harry 

L. Shufflebarger, MD; Peter O. Newton, MD; Burt Yaszay, MD; Paul D. Sponseller, MD, MBA; Baron S. Lonner, MD; Amer 

F. Samdani, MD; Firoz Miyanji, MD; Harms Study Group; Suken A. Shah, MD 

 

Hypothesis  

Utilizing sagittal stable vertebra (SSV) and preoperative distal junctional angle (DJA) can provide the optimal selection of the 

lowest instrumented vertebra (LIV) to prevent distal junctional kyphosis (DJK).  

 

Design  

A retrospective cohort study of a prospectively collected multicenter database  

 

Introduction  

While including the SSV may minimize DJK following posterior spinal fusion (PSF) for AIS, relying solely on the SSV criteria 

can necessitate more extensive fusion. As LIV moves distally, a patient’s motion, function, and chance of reoperation may 

all be negatively affected.  

 

Methods  

This study included patients with Lenke 1 or 2 curves who underwent thoracic PSF (defined as LIV≤ L1), and the 

development of DJK (DJA≥10°) was evaluated two years postoperatively. Preoperative DJA was measured between LIV 

and LIV+1, consistent with the postoperative measurements, and categorized into three groups: neutral/lordosis (≤0°), 

slight kyphosis (1° to 4°), and significant kyphosis (≥5°). Multiple logistic regression model identified risk factors for 

developing DJK. The DeLong's test compared the area under the curve (AUC) from different ROC curves to assess DJK 

predictive accuracy between models.  

 

Results  

Out of 1,034 patients, 86 (8%) developed DJK at two years postoperatively. Risk factors identified for DJK include 

preoperative DJA categories of slight kyphosis (adjusted odds ratio (aOR): 2.65) and significant kyphosis (aOR: 6.63); LIV 

at SSV-2 or higher (aOR: 4.09); a UIV of T2 or above (aOR: 3.39) ; lumbar modifiers B (aOR: 2.91) and C (aOR: 2.70); and 

larger T5-12 kyphosis (aOR: 1.04). Incorporating preoperative DJA and SSV-1 for LIV selection enhanced DJK prediction 

accuracy over solely considering SSV inclusion (AUC = 0.81 vs 0.72, p<0.001) (see Figure). Furthermore, a multivariate 

model with risk factors achieved the highest AUC (0.87). Patients with DJK experienced a worsening of T10-L2 kyphosis 

and increased upper lumbar lordosis over time, without affecting the SRS-22 quality of life score.  

 

Conclusion  

To prevent DJK, PSF should end below preoperative kyphosis and no more proximal than SSV-1 in patients with thoracic 

AIS, particularly for high-risk cases. DJK led to worsened regional thoracolumbar alignment at two-year follow-up.  
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ROC for developing DJK with different prediction models.RFs: risk factors. 
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Paper #144. Is Next-Day Discharge After Posterior Spinal Fusion for Adolescent Idiopathic Scoliosis Safe? 

Alyssa Barre, MD; Andrew Kirk, MD; Vincent Prusick, MD; Ryan D. Muchow, MD; Caitlin Conley, PhD, Vishwas R. 

Talwakar, MD 

 

Hypothesis  

We hypothesized that next-day discharge after posterior spinal fusion for adolescent idiopathic scoliosis would not result in 

an increase in emergency department visits or hospital readmissions.  

 

Design  

Retrospective cohort study  

 

Introduction  

While the implementation of post-operative protocols and improvements in pain control have decreased the length of stay 

following scoliosis surgery, adolescents are typically hospitalized for several days after posterior spinal instrumented fusion 

(PSF). The purpose of this study was to determine if next-day discharge after PSF for adolescent idiopathic scoliosis (AIS) 

was associated with an increase in emergency department (ED) visits or hospital readmissions. The secondary purpose 

was to examine peri-operative factors associated with next-day discharge.  

 

Methods  

We performed a retrospective study of all patients who underwent PSF for AIS at a single institution from 2017 to 2022. One 

hundred eleven patients were included. We compared patients based on post-operative length of stay with an early 

discharge group consisting of those who discharged on the first post-operative day (POD1) (n = 40) and a late discharge 

group consisting of those who discharged after POD1 (n = 71). We documented post-operative ED visits within 30 days and 

hospital readmissions within 90 days, in addition to peri-operative variables.  

 

Results  

Forty patients (36%) discharged on POD1. There was one (2.5%) ED visit and two (5%) readmissions in the early discharge 

group and three (4.2%) ED visits and two (2.8%) readmissions in the late discharge group (p = 0.64 and 0.55, respectively). 

Patients in whom intravenous methadone was used intra-operatively were more likely to discharge POD1 (p = 0.02). There 

were no other significant differences in peri-operative variables between the two groups including: BMI, distance from home 

to hospital, magnitude of main curve, curve flexibility, number of levels fused, estimated blood loss, implant density, 

operative time, or post-operative pain scores.  

 

Conclusion  

Over one-third of patients discharged on POD1 after PSF for AIS. There was no statistically significant difference in ED 

visits or hospital readmissions among the early discharge group. Next-day discharge after PSF for AIS is safe for some 

patients. Further research may help identify patients prior to surgery who are likely to discharge on POD1.  
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Figure 1: Bar chart depicting the length of stay (LOS). 
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Paper #145. Local Wound Infiltration Reduces Acute Postoperative Opioid Requirements in Adolescent Idiopathic 

Scoliosis ‡ 

Craig M. Birch, MD; Sydney Lee, BS; K. Mikayla Flowers Zachos, MA; Grant D. Hogue, MD; M. Timothy Hresko, MD; 

Shanika De Silva, PhD; Daniel Hedequist, MD   

 

Hypothesis  

Local wound infiltration will result in reduction of opioid use in the first 24 hours following posterior spinal fusion (PSF) in 

Adolescent Idiopathic Scoliosis (AIS) patients compared to the placebo group.  

 

Design  

Double-blind randomized controlled trial (RCT)  

 

Introduction  

Local wound infiltration is a non-narcotic method of acute pain management following surgical intervention. This RCT aimed 

to determine the impact of wound infiltration with 0.25% bupivacaine with epinephrine, compared to a placebo of equal 

volume injectable saline, on pain and opioid consumption during the first 24 hours postoperatively in patients with AIS 

undergoing PSF.  

 

Methods  

AIS patients, ages 10-17 years old, undergoing PSF were randomized to receive intraoperative wound infiltration with 

0.25% Bupivacaine+epinephrine (treatment) or saline (placebo). Postoperatively, patients rated their pain using an 11-point 

numeric rating scale, 0 to 10. Inpatient pain scores and opioid administration were extracted from medical records. Four 6-

hour intervals were created to assess average pain scores and total opioids administered during the first 24 hours. Linear 

mixed models were used to analyze differences between treatment groups in pain scores and opioid consumption over 

time.  

 

Results  

57 patients were included (mean age 14.9 years, mean BMI 21.3): 27 randomized to the treatment group and 30 to placebo. 

Patients were predominantly female (75%), White (86%), and non-Hispanic (86%). There was no statistically significant 

difference in pain between treatment groups during the 24-hour postoperative period, however pain did decrease across 

time for the entire cohort by approximately 1 point per interval (Figure A). Patients in the treatment group consumed 

significantly less opioids during the first 24 hours, with the placebo group receiving an average estimated 6 MME/kg more 

compared to the treatment group (Figure B, p=0.05). Difference at Interval 1 was most notable with average 36.1 MME/kg in 

placebo group compared to 26.0 MME/kg in the treatment group. Opioid consumption decreased over time, with Interval 4 

showing a significant reduction compared to the Interval 1, demonstrating an estimated mean decrease of 13 MME/kg 

(p<0.001).  

 

Conclusion  

Local anesthetic injection of 0.25% bupivacaine with epinephrine can effectively decrease postoperative opioid consumption 

in AIS patients in the first 24 hours, without compromising pain control.  

 

 

 

 
‡ = SRS Funded Research Grant 
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Paper #146. Outcomes of Revision Surgeries Following Index Anterior Vertebral Body Tethering 

Cleopatra Nehme, BS; Amer F. Samdani, MD; Joshua M. Pahys, MD; Taemin Oh, MD; Jessica Steindler, BA; Sarah Nice, 

BS; Kaitlin Kirk, BS; Amanda Stutman, BS; Camille Brown, BS; Natalie Williams, BS; Steven W. Hwang, MD  

 

Hypothesis  

Revision aVBT (rVBT) can be a successful salvage procedure following index aVBT.  

 

Design  

Retrospective single-center study  

 

Introduction  

Anterior vertebral body tethering (aVBT) is an alternative to treat scoliosis, but the need for revision surgeries remains a 

concern. This study aims to assess the outcomes and characteristics of patients undergoing successful revision surgeries.  

 

Methods  

We reviewed all patients who underwent revision surgery following aVBT with idiopathic scoliosis and at least 2 years of 

follow-up. We divided patients into 4 groups: fusion, tether release, retethering, and miscellaneous. Baseline and follow-up 

demographic and radiographic measures were compared across the groups. Success was defined as no additional 

surgeries after revision and the largest Cobb <35° at last follow-up.  

 

Results  

87/388 (22%) patients underwent revision surgery [36 (9%) fusion, 28 (7%) rVBT, 17 (4%) release, 2 (2%) miscellaneous]. 

The mean age at index aVBT was 12.4 ± 1.5 years (91% female) and 56.3 ± 21.4 months of follow-up. The mean 

preoperative thoracic and lumbar Cobb angles were 55.8 ± 11.5° and 37.5 ± 13.2°, respectively. As expected, the tether 

release group was less skeletally mature, had smaller curves, were more flexible, and had greater correction of first erect 

(p<0.05) (Table). At revision surgery, they also had less EBL and shorter OR times (p<0.05). Comparatively, the fusion 

group had larger curves on first erect, larger Cobb angles at revision surgery, and greater EBL at revision surgery (p<0.05). 

Within the tether release group, 82% had successful outcomes compared to 61% the rVBT group and 100% in the fusion 

group. The tether release group had a mean of 44.6 ± 20.2 months of follow-up following revision, compared to 31.0 ± 21.1 

and 10.6 ± 11.7 months for rVBT and fusion, respectively. When comparing successful to unsuccessful rVBT patients, most 

variables were not significantly different: mean index age, revision age, curve size, flexibility, first erect correction (p>0.05). 

The follow-up was longer in the unsuccessful group (41 vs. 25 months, p<0.01). Patients who were skeletally less mature 

had a trend towards greater success (p=0.08).  

 

Conclusion  

Our results suggest that 39% of rVBT, 18% of tether release, and 0% fusion revision surgeries after aVBT are unsuccessful 

and may require more surgery. rVBT may be more successful in less skeletally mature patients.  
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Paper #147. Outcomes of Anterior Versus Posterior Growth Modulation Surgery for Adolescent Idiopathic Scoliosis 

(AIS) 

Glenys Poon, MBBS, MRCS; Leok-Lim Lau, FRCS; Hee-Kit Wong, FRCS; Gabriel KP Liu, MD  

 

Hypothesis  

There is no outcome difference between anterior and posterior growth modulation devices in treatment of AIS  

 

Design  

Prospective cohort study.  

 

Introduction  

Anterior growth modulation via vertebral body tethering (VBT) is well described. However studies on posterior growth 

modulation via posterior dynamic fixation(PDF) are limited with no direct comparison of anterior to posterior growth 

modulation devices.  

 

Methods  

A prospective review of all Lenke 1 patients undergoing selective thoracic growth modulation procedures for AIS. Patient 

demographics, surgical, clinical and radiological data was collected.  

 

Results  

7 patients underwent a VBT and 12 underwent a PDF. Patients were followed up across a mean duration of 32.4±12.6 

months. There was no significant difference in baseline gender, age, Risser and preoperative lumbar curve between 

cohorts. Preoperative main thoracic (MT) curve size was lower in the VBT group at 37.9±6.0 deg as compared to the PDF 

group at 49.1±6.99 deg. There was a shorter length of stay in PDF patients at 3.5±0.5 days as compared to AVT patients 

who stayed for 4.8±0.4 days. (p<0.001) but no difference in blood loss and operative duration. All VBT patient had a chest 

tube and overnight ICU stay post op. Immediate post op the PDF group had better main thoracic(MT) curve correction at 

20.0±10.0 deg(60.1±18.2%) as compared to 22.0±7.3 deg(42.5±12.2%)(p=0.016) in the VBT group. However by final 

follow up the VBT group trended towards better curve maintenance with a size of 22.0±12.7 deg and a 0.0±7.4 deg change 

in curvature whereas the PDF had a final curve of 26.5±12.3deg and a -7.0±9.8 deg change in curvature(p=0.061). The 

compensatory lumbar correction likewise showed greater correction in the PDF group at 17.6±9.7 deg(45.7±15.8%) as 

compared to the VBT group at 21.3±10.0 deg(25.1±17.2%). By final follow up there was no difference in curvature between 

groups. There was higher incidence of implant breakage in the VBT(n=3) as compared to the PDF(n=0)(p=0.013). However 

there was no difference in re-operations or loss of curve correction. Overall there was no difference in patient reported 

outcome scores.  

 

Conclusion  

Early review suggests an advantage of the PDF in terms of length of stay, avoidance of ICU stay and initial correction 

power. However there was no difference in outcomes on mid to long term follow up.  
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Radiographs of patients who underwent VBT (top) and PDF (bottom). 
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Paper #148. When is Growth the Greatest? Spine and Total Body Growth in Idiopathic Scoliosis Through Sanders 

Maturation Stages 2, 3A, 3B, and 4 

Yusuke Hori, MD, PhD; Bryan Menapace, MD; Norihiro Isogai, MD, PhD; Sadettin Cifti, MD; Burak Kaymaz, MD; Luiz Silva, 

MD; Kenneth J. Rogers, PhD; Petya Yorgova, MS; Peter G. Gabos, MD; Suken A. Shah, MD 

 

Hypothesis  

Different Sanders Maturation Stages (SMS) are characterized by variations in spine and total body growth rates, which have 

obvious implications for treatment  

 

Design  

Single-center, retrospective, case-control, longitudinal study  

 

Introduction  

SMS 2,3 and 4 represent periods of rapid growth and are key indicators for growth modulation surgery of the spine and 

lower extremity. The purpose of this study was to evaluate spine and total body growth through SMS 2, 3A, 3B, and 4 and 

correlate with scoliosis progression.  

 

Methods  

This study evaluated consecutive patients with idiopathic scoliosis staged SMS 2-4. T1-S1 spine height, total body height, 

and curve magnitude were measured at each visit. Spine and total height velocity as well as curve progression rate were 

assessed between baseline and follow-up visits. For those followed to skeletal maturity, overall height gain and scoliosis 

progression were assessed. To adjust for height loss due to scoliosis, spine and total body height were corrected for curve 

magnitude using validated formulae. Kruskal-Wallis test and multivariate linear regression models were employed to 

determine the influence of SMS on height growth and scoliosis progression.  

 

Results  

517 patients (68% female) with 566 hand radiographs and 1,492 spinal X-ray images were included. Spine height velocity 

peaked during SMS 3A and was approximately 1.4 times that of stage 2, 1.5 times that of stage 3B, and 1.8 times that of 

stage 4 (see image). SMS 2 and 3A had comparable total body height velocities, both greater than SMS 3B and 4 (see 

image). Curve progression rates were consistent across SMSs. Among those followed to skeletal maturity, patients at SMS 

2 exhibited the highest growth remaining and the greatest potential for scoliosis progression.  

 

Conclusion  

This study demonstrated that peak spine growth occurred at SMS 3A, while total body height exhibited its fastest growth 

during SMS 2 and 3A. These patients exhibit greater potential for height growth and scoliosis progression. These findings 

are critical for optimizing the timing of interventions in growth modulation surgery and scoliosis treatment strategies.  
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Growth velocity in spine and total body height through Sanders Maturation Stage 2, 3A, 3B, and 4. Dots indicate the mean 

value and error bars indicate standard deviation. 

 


