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Are We Looking at a Paradigm Shift in the
Management of Adolescent Idiopathic Scoliosis?
Comprehensive Retrospective Analysis of 75
Patients of Nonfusion Anterior Scoliosis Correction
with 2—5-Year Follow-up: A Single Center Experience
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Department of Orthopaedics & Spine Surgery, Apollo Hospitals, Chennai, India

Study Design: Retrospective cohort study.

Purpose: This study aimed to evaluate the clinical and radiological outcomes of nonfusion anterior scoliosis correction (NFASC) in
patients with idiopathic scoliosis and comprehensively analyze its principles.

Overview of Literature: NFASC is a novel revolutionary motion-preserving surgery for idiopathic scoliosis. However, clinical data
related to this procedure remain scarce, with no conclusive guidelines regarding case indications, proper technique, and possible
complications.

Methods: This study included patients with adolescent idiopathic scoliosis (AlS) who were treated with NFASC for a structural major
curve (Cobb angle, 40°-80°) with more than 50% flexibility on dynamic X-rays. The mean follow-up was 26+12.2 months (range, 12—
60 months). Clinical and radiological data such as skeletal maturity, curve type, Cobb angle, surgery details, and Scoliosis Research
Society-22 revised (SRS-22r) questionnaire were collected. Statistically significant trends were examined by post hoc analysis follow-
ing repeated measures analysis of variance test.

Results: A total of 75 patients (70 females, five males) were included, with a mean age of 14.96+2.69 years. The mean Risser and
Sanders scores were 4.22+0.7 and 7.15+0.74, respectively. The mean main thoracic Cobb angles at the first and second follow-up
(17.2°45.36° and 16.92°+5.06°, respectively) were significantly lower than the preoperative Cobb angles (52.11°+7.74°) (p<0.05).
Similarly, the mean thoracolumbar/lumbar Cobb angle significantly improved from the preoperative period (51.45°+11.26°) to the first
follow-up (13.48°+5.11°) and last follow-up (14.24°+4.85°) (p<0.05). The mean preoperative and postoperative SRS-22r scores were
78.0+3.2 and 92.5+3.1, respectively (p<0.05). None of the patients had any complications until the most recent follow-up.
Conclusions: NFASC offers promising curve correction and curve progression stabilization in patients with AIS, with a low risk for
complications and preservation of spinal mobility and sagittal parameters. Thus, it proves to be a favorable alternative to fusion mo-
dality.
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Introduction

Scoliosis is a spinal disorder that leads to a severely com-
promised quality of life and disability, affecting roughly
1 in 300 children [1]. In recent years, many innovations
have been made for the surgical treatment of idiopathic
scoliosis, especially with regard to a growing spine. Non-
fusion anterior scoliosis correction (NFASC) is a new,
revolutionary motion-preserving treatment method for
adolescent idiopathic scoliosis (AIS) [2,3].

The NFASC, also known as anterior vertebral body teth-
ering (AVBT), is based on the Hueter—Volkmann law [4].
In this procedure, compressive instrumentation on the
convex side of a scoliotic curvature inhibits this side from
growing while permitting the concave side to lengthen
with growth; this mechanism progressively corrects the
spinal deformity [5-7].

The gold standard for managing AIS remains to be spi-
nal fusion, but it is associated with potentially negative
consequences, such as a high risk for decreased spinal
growth over the length of the fusion construct, decreased
spinal mobility [8], adjacent disk degeneration [9], chron-
ic back pain, and perioperative complications including
neurological problems, wound infection, and excessive
blood loss [10,11].

NFASC treatment for scoliosis has recently gained inter-
est. It is similar to anterior fusion surgery wherein an in-
ternal brace construct is created, albeit without spinal fu-
sion [12]. NFASC offers an option for correction without
fusion; however, the technique is novel, and clinical data
related to this procedure remain scarce. Thus, this study
aimed to evaluate NFASC in patients with AIS at a tertiary
care hospital in India, adding crucial scientific evidence in
relation to the utility of this new surgery modality in these
patients.

Materials and Methods

After obtaining institutional review board approval and
informed consent from all patients, we collected data of
patients with AIS who underwent NFASC. The inclusion
criteria were as follows: structural major curve (40°-80°)
and more than 50% flexibility on traction X-rays. The
mean follow-up of the eligible patients was 26+12.2
months (range, 12-60 months).

Patient data were recorded until the latest follow-up.
Demographic details along with the curve type by Lenke

classification, and Risser and Sanders’ scores were ana-
lyzed. We also collected clinical and radiological data such
as skeletal maturity, curve type, Cobb angle, and surgery
details (blood loss and surgery duration). The radiological
assessments included the preoperative and postopera-
tive Cobb angles with the percentage of corrections for
both main thoracic (MT) and thoracolumbar/lumbar
(TL/L) curves, wherever applicable. Postoperatively, the
follow-up data were collected at the time of the first erect
radiograph, 6 months, 2 years, and at the most recent
follow-up. We also compared the mean preoperative and
postoperative Scoliosis Research Society questionnaire
(SRS-22r) results [13]. Complications were also deter-
mined immediately postoperatively, as well as at all the
follow-up time-points.

1. Surgical technique

Patients were placed in the lateral decubitus position, with
the convex side up. With single lung ventilation, standard
minithoracotomy was performed to permit improved
three-dimensional evaluation of the anatomy and endorse
safe bi-cortical screw placement. Those who underwent
instrumentation at L4 needed a mini-open approach from
the retroperitoneal end. Vertebral levels were confirmed
with C-arm fluoroscopy in both the anteroposterior and
lateral views. During the surgery, we positioned a three-
prong staple on the vertebral body right in front of the rib
head. Next, we tapped the screw hole and positioned the
optimum-length screw. The remaining screws were placed
identically. Generally, strategic screw positioning affects
sagittal profile restoration posteriorly at the curve’s apex,
where the vertebra is most rotated and anteriorly at the
ends of the curve. This technique will derotate the apex
by cord tensioning because the screws will readjust to the
shortest distance between each other. By using staples, the
screw will be better positioned in the anteroposterior as-
pect of the vertebral body [14].

Moreover, the Globus Philadelphia Reflect scoliosis
correction system was used. In this system, the tether was
passed in a distal-to-proximal manner and positioned
into the screw heads. A pistol grip tensioning device was
connected with the tether, allowing a graded compressive
force up to 400 N,. The maximum intraoperative curve
correction was attained by combining apical translation,
derotation, segment compression, and sequential tether
tensioning. During tether cord tensioning, we applied
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- Epidural initation
- Analgesia regimen
- Staring oral feeds
- Early mobilization
- Initiate triflowmetry

- Intensive spirometry

- Patient counselling

- Patient information
about surgery and
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Goals

Fig. 1. Enhanced Recovery Pathway goals included improved pain control, reduced opioid-related complications, expedited early post-
operative mobilization, and early transition to oral analgesics from patient-controlled analgesia. This results in an overall improvement
in patient satisfaction scores in adolescent idiopathic scoliosis patients undergoing nonfusion anterior scoliosis correction.

frontal pressure mainly at the apical region to achieve
more coronal plane correction. Sequential tensioning was
preferred instead of global tensioning method, as men-
tioned in several studies, with higher tensioning at the
apical region to obtain maximum correction intraopera-
tively. The amount of tension needed depends on the ex-
tent of the curve, the potential for residual limited growth,
and the analysis of curve flexibility on the traction X-ray,
and this is guided intraoperatively under fluoroscopy to
mainly horizontalize the lower instrumented vertebra.

Subsequently, we closed the incision and the chest me-
ticulously without intercostal chest drain to promote early
mobilization, reduced length of stay (LOS), and early
pulmonary function recovery [15]. Postoperatively, the
patients were strictly observed for possible pleural fluid
accumulation. Aggressive chest physiotherapy was also
provided. In our center, we do awake traction X-rays. Pre-
operative traction radiographs help in reasonably estimat-
ing postoperative correction for AIS patients undergoing
NFASC [16]. It guides the surgeon intraoperatively for
appropriate tensioning for adequate correction [17].

Perioperatively, we followed the Enhanced Recovery
Pathway (ERP) (Fig. 1), which is a multimodal approach
for improving the perioperative outcomes of patients by
using specific evidence-based protocols for surgical care
[18,19]. ERP includes epidural analgesic management
with mobilization and initiation of triflowmetry from the
day of surgery to approximately 4-6 hours postoperative-
ly. Then, with gradual tapering of the epidural, rehabilita-
tion is increased sequentially. Thus, ERP leads to early
recovery and mobilization, reduced morbidity, decreased
opioid consumption, shorter LOS, and overall improved
patient satisfaction scores in patients with AIS undergoing
NFASC.

- Advance mabilisation
- Advance trifowmetry
-Removal of urinary

catheter/chest tube

-Removal of epidural - Oral analgesia

- Dicharge preparation

- Initiate per oral analgesia

Discharge criteria
- Tolerating oral feeds
- Vitals stable
- Tolerating oral analgesia
- Anesthetic and physical
therapist clearance

Table 1. Perioperative data

Characteristic Value

Age (yr) 14.96+2.7
Gender, female 70 (94)
Follow-up (mo) 24.5+3.6

Values are presented as meansstandard deviation or number (%).

2. Statistical analysis

Statistical data were analyzed using the IBM SPSS Statisti-
cal Software ver. 25.0 (IBM Corp., Armonk, NY, USA).
The statistical difference in mean values across various
time-points was assessed using repeated measures analysis
of variance. The mean values between any 2 time-points
were compared by post hoc analysis, wherever applicable.
The preoperative and postoperative mean SRS scores were
compared using paired t-test. A p-value of less than 0.05
was considered statistically significant.

Results

This study enrolled 75 patients (70 females, five males),
with a mean age of 14.96+2.69 years. The mean Risser
score was 4.22+0.7, whereas the mean Sanders’ score was
7.15+0.74. Thus, we found 10 immature and 65 skeletally
mature patients. In the Lenke classification, majority
(n=32, 42.22%) had type 5 curve, whereas 24 patients
(35.50%) had type 1 curve. Table 1 summarizes the peri-
operative details.

Cranial and caudal instrumented levels were T5 and
L4. Preoperatively, the mean MT traction angle was
23.07°+6.31°, whereas the mean TL/L traction angle
was 20.72°+6.49°. The mean MT bending angle was
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Table 2. Comparison of side bending versus traction correction indices

Asian Spine J. May 22, 2023 [Epub ahead of print]

Variable Preoperative AP Bending Traction
MT
Mean+SD 52.1°+6.7° 32.1°45.4° 23.1°+4.7°
Flexibility % 37 56
TLL
Mean+SD 51.4°48.9° 31.3°46.5° 20.7°45.3°
Flexibility % 39 60

First erect (% correction) SBCI
181.1 1195 <0.001
17.3°+4.2°
67
189.8 123.3 <0.001
13.4°4.1°
74

AP, anteroposterior; SBCI, Side Bending Correction Index; TCI, Traction Correction Index; MT, main thoracic; TL/L, thoracolumbar/lumbar; SD, standard deviation.

Table 3. Follow-up radiological measurements

Variable Preoperative (°) First erect (°)
Mean main thoracic cobbs 52+7.74 17.2+5.36
Mean TL/L cobbs 51.45+11.26 13.48+5.11
Mean thoracic kyphosis 21.7 225
Lumbar lordosis 454 433

Most recent (°) Correction (%) p-value
16.92+5.06 68 <0.01*
14.24+4 85 72.570.1 <0.01*

253 14 >0.05
475 12 >0.05

Values are presented as meansstandard deviation.
TL/L, thoracolumbar/lumbar.
*p<0.05.

32.69°+6.81°, and the mean TL/L bending angle was
31.28°+8.91°. Further, the mean MT traction flexibility
was 55.81%+0.09%, whereas the mean TL/L traction flex-
ibility was 59.77%+0.09%. The right bending flexibility
was 36.72%%0.12%, and the left bending flexibility was
38.88%=0.12% (Table 2).

Preoperative Cobb angle-Traction Cobb angle <100%

Traction flexibility (%)= Preoperative Cobb angle

. L Correction rate o
Traction correction index (%)= m&lity x100%

Postoperatively, as per our ERP, opioid epidural infu-
sion was continued for 42.5+3.5 hours with morphine at
2 mg/24 hr and fentanyl at 2 mcg/hr with 0.12%-0.15%
ropivacaine up to 48 hours. The mean MT Cobb angle
at the first follow-up (17.2°+5.36°) and last follow-up
(16.92°+5.06°) were significantly lower than the preop-
erative Cobb angle (52.11°+7.74°) by post hoc analysis
(p<0.05). The mean TL/L Cobb angle at the first follow-up
(13.48°+5.11°) and last follow-up (14.24°+4.85°) were also
significantly lower than the preoperative TL/L Cobb angle
(51.45°+11.26°) (p<0.05).

The mean correction in the MT and TL/L Cobb angles
was 66.88%+0.09% and 73.6%+0.08% at the first follow-
up, while it was 67.93%%0.08% and 72.57%+0.1% at the
latest follow-up, respectively (Table 3). The mean values

for thoracic kyphosis preoperatively, immediately postop-
eratively, and at 2 years were 27.20°+8.20°, 30.83°+5.85°,
and 31.09°+6.06°, whereas those for lumbar lordosis were
48.92°+8.41°, 47.23°+7.58°, and 48.32°+6.06°, respectively
(p>0.05). Pelvic incidence and pelvic tilt showed no sig-
nificant changes from the preoperative period to 2 years of
follow-up (p>0.05). Furthermore, the mean SRS-22r score
was 78.0+3.2 preoperatively and 92.5+3.1 postoperatively
(p<0.05). None of the patients had any complications until
the latest follow-up.

Discussion

NFASC has led to a paradigm shift in the management
of AIS, presenting a new option for orthopedic surgeons.
The gold standard for scoliosis deformity correction is
posterior scoliosis correction and fusion. However, the
improved spinal alignment with fusion comes at the cost
of permanent, iatrogenic regional ankylosis of the correct-
ed segments, fewer motion segments, and increased risk
of degenerative changes in the adjacent segments, causing
secondary back pain. Hence, spinal motion preservation,
particularly the lumbar spine, is a highly attractive goal.
Recently, NFASC has become a novel and popular
technique in treating AIS. Its advantages include a mini-
mally invasive incision, less blood loss, continuous spinal
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lengthening, and probably, final fusion avoidance, leading
to a lesser chance for adjacent disk degeneration. Consid-
ering the use of a lateral intermuscular plane, posterior
muscle endurance is retained, resulting in early recovery.
NFASC or AVBT has been applied for approximately 10
years as an off-label management modality, which has not
allowed the extensive evaluation of the novel technique.
However, in August 2019, the US Food and Drug Admin-
istration approved AVBT by exempting the humanitar-
ian device, and skilled centers are now propagating their
early-to-midterm outcomes via few research publications

[13-15]. However, published data on NFASC outcomes in
patients with AIS remain scarce.

This study evaluates the radiological and clinical out-
comes with a technical note of NFASC in patients with
AIS. Our participants aged 8-20 years, which appropriate-
ly represents the adolescent age group. Majority of the pa-
tients in the study had type 5 (TL/L) or type 1 (MT) curve.
The study findings were focused mainly on the correction
in the mean MT and TL/L Cobb angles at first erect, 6
months, 2 years, and then at the most recent follow-up.
Both the mean MT and the mean TL/L Cobb angles were

Fig. 2. Case 1: 14-year-old girl with Risser 4 and Sanders 7 presented with Lenke 5CN. (A) Preoperative radiograph shows a
Cobb angle of 51.4°. (B) Postoperative erect radiograph with Cobb measuring 28.0° (46% correction). (C) At 2-year follow-up,

the deformity corrected to Cobb measuring 18.5°
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Fig. 3. Case 2: serial radiographs of 14-year-old girl with Sanders 7 and Risser 4. (A) Preoperative major thoracolumbar Cobbs (D10-L3) of 43.1°, (B) left bending film
20.4°, (C) traction of 11.6°, (D) first erect of 12.1°, (E) 1-year follow-up of 11.3°, and (F) 2-year follow-up of 6.1°
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significantly reduced from the first erect radiograph to
the most recent follow-up compared with the baseline
(p<0.05), indicating that the curve significantly improved
(Figs. 2, 3). However, the mean angles were comparable
between the first follow-up and final follow-up (p>0.05),
showing that the maximum significant improvement in
the curve was at the first follow-up. The sagittal param-
eters of the curve were also analyzed, and NFASC was
found to have a positive influence on thoracic kyphosis
without having any detrimental effect on lumbar lordosis.
As a result, most of the patients achieved normal physi-
ologic kyphosis, and some maintained their preoperative
alignment (Fig. 4). With the positive influence of NFASC
on sagittal parameters of the spine, authors propose a
hypothesis regarding the orientation of the intervertebral
disk in the thoracic and lumbar spine. The intervertebral
disk in thoracic spine converges anteriorly, whereas that in
the lumbar spine is broader anteriorly. Baroncini et al. [20]
support the positive influence of NFASC on the sagittal
parameters of the spine; they hypothesized that in the tho-
racic spine, the coronally oriented facets favor the rotation
of the motion segments rather than the flexion-extension,
creating a posterior tension band effect and resulting in
anterior shortening, and in the lumbar spine, the facet
joints are oriented sagittally, thereby favoring flexion-ex-
tension over torsion, causing a relaxed posterior column
leading to an anterior tension band effect [20].

Pelvic
L RT 19.7°

R P 5200

Asian Spine J. May 22, 2023 [Epub ahead of print]

Surgery for AIS should consider the long-term effects.
The main point is the quality of life of the patients within
the following 50 or 60 years; in adult patients, sagittal bal-
ance has a strong correlation with health-related quality of
life [21].

Given that all our patients were either Lenke curve type
1, 3, 5, or 6 with no structural proximal thoracic curve,
none of them had any significant coronal imbalance or
shoulder imbalance preoperatively. Even in patients with
severe Lenke type 1, their shoulders were balanced post-
operatively. Evaluation of shoulder balance has become
essential in proximal thoracic curves, which were an ex-
clusion criterion in our study.

The mean SRS-22r scores significantly increased
(p<0.05), indicating that the patients had lesser pain and
improved quality of life. In addition, none of our patients
experienced any complication, indicating that the NFASC
procedure is not only effective but also safe postopera-
tively.

In recent years, some studies had evaluated the NFASC
outcomes, but the impact on deformity correction after
AVBT has not been found to be uniformly similar in vari-
ous studies [12,22-27] (Table 4). Hoernschemeyer et al.
[22] evaluated the follow-up data between 2 and 5 years
for 29 patients presenting with differing skeletal maturity
at baseline and found a progressive correction in thoracic
tethers, with a high success rate and low revision rates

Fig. 4. Case 3: serial lateral radiographs of case 3: 14-year-old adolescent idiopathic scoliosis patient showing posi-
tive influence on thoracic kyphosis (TK) along with maintenance of lumbar lordosis (LL). (A) Preoperative, (B) 6 months

postoperative, and (C) 2 years postoperative. PT, pelvic tilt.
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Table 4. Review of published clinical studies on non-fusion anterior scoliosis correction

Complications

Correction %

Final FU Cobbs (°)

Risser FU Preop Cobbs (°)

No. Age (yr)

2 Surgical loosening of the tension due to overcorrection

70

T 135+11.6
L:7.245.1

T 442490
L:25.148.7
T: 42.8+8.0

<2 24 mo

123

1"

Samdani et al. [12](2014)

1 Patient with transient atelectasis

58

T17.9:114
L:12.6:9.4

T: 38+7
L: 2549

12 mo

<2

12

32

Samdani et al. [26] (2015)

11252473

T: 45£10
L: 3315

No complications

T.15,L:24

12 mo

1.2

Boudisa et al. [27](2017)

4 Patients underwent fusion. 2 patients with transient atelectasis

T 27+20 51

T.52+10

24-28 mo

4yr

0

Newton et al. [23] (2020)
Wong et al. [24](2019)

2 Patients had over correction, 1 patient had truncal listing, 1 patient had pneumothorax, 1

T:12.2-333

T.37.2-440

122

patient had pleural effusion, 1 patient had curve progression/distal decompensation, and

2 patients underwent spinal fusion.

14 Patients had suspected tether rupture >1 level, 2 patients underwent posterior spinal

T.52,1:36

T: 23+7
L: 24+7

T: 48+4
L:38+5

32yr

<1(14)

2-4(15)
42

12.7

29

Hoernschemeyer et al. [22] (2020)

fusion, and 4 patients had tether revision.

15.348.7 71 No complications

52+7.74

24.1 mo
26 mo

149
14.9+2.7

Hegde et al. [25] (2021)

14.24+4.85 72 No complications

51.45+11.26

422

75

Current study

Values are presented as number or meansstandard deviation, unless otherwise stated.

FU, follow-up; T, thoracic; L, lumbar.

despite higher maturity at baseline. Newton et al. [23] as-
sessed the AVBT outcomes at 2-5 years of follow-up in
23 patients who underwent NFASC in comparison with
26 patients who underwent posterior spinal fusion. Both
the study groups displayed a progressive correction over
the first 2 years. Though the patients who underwent
NFASC had a lower deformity correction and a higher
revision rate than those who underwent posterior spinal
fusion, the postinterventional patient-reported outcomes
were similar between these groups [23]. In the study of
Cobetto et al. [28], progressive correction was noted in 20
patients after NFASC, from the preoperative mean 59° to
immediate postoperative angulation of 37° and 23° at the
follow-up conducted after 2 years. Further, Samdani et al.
[12] investigated the 2-year outcomes of 11 patients who
underwent NFASC and noted a higher correction at the
initial follow-up, from the mean preoperative angulation
of 44° to 20°, followed by a progressive correction to a
mean angle of 14° at the follow-up after 2 years. However,
Wong et al. [24] noted a mixed response in their analysis,
after using a modality that avoided intraoperative tether
tensioning; all the five enrolled patients obtained a Risser
score of 0, but a progressive correction was noted in only
two of the enrolled patients with open tri-radiate carti-
lages at surgery.

The authors of this study believe that through their
experience, the best candidates for NFASC are patients
with a major structural curve of 60°-65° with flexibility of
more than 50% in awake traction X-rays.

Samdani et al. [12] showed reassuring safety results
similar to the present study, but at 2 years, two of the 11
patients required revisions. Rushton et al. [29] followed
up patients for more than 2 years; they noted complica-
tions in 22% of patients who underwent NFASC, and 15%
needed revision. After NFASC, the disk health is main-
tained, whereas after posterior spinal fusion, adjacent
disk degeneration occurs [27]. The present study had a
minimum follow-up period of 2 years, and none of our
patients had complications or revisions, probably because
of the lower duration of follow-up. Hence, future studies
with a longer follow-up can explore this aspect.

Our study has few limitations. The sample size was
small, and the cases were evaluated at only one major
orthopedic center and were not objectively measured in
terms of the spinal range of motion. In addition, a mean
2-year follow-up is not adequate to evaluate the long-term
outcomes; hence, a longer follow-up is essential to make
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any definitive statements about the accurate value of this
novel technique.

Conclusions

NFASC offers a promising curve correction and stabiliza-
tion of curve progression in patients with AIS, with a low
risk of complications and preservation of spinal mobility
and sagittal parameters. It is proven to be a favorable al-
ternative to fusion modality. Future studies with a longer
follow-up period are necessary to validate these findings.

Conflict of Interest

No potential conflict of interest relevant to this article was
reported.

Acknowledgments

Authors would like to thank all the enrolled patients and
their caregivers without whom the study would not have
been possible.

ORCID

Sajan Hegde: https://orcid.org/0009-0000-2927-7896
Vigneshwara Badikillaya: https://orcid.org/0000-0002-8597-4191
Umesh Kanade: https://orcid.org/0000-0002-5419-5179
Keyur Akbari: https://orcid.org/0000-0001-8833-8556
Sharan Achar: https://orcid.org/0000-0002-2468-0587
Harith Reddy: https://orcid.org/0009-0002-6565-0760

Author Contributions

Sajan K. Hegde: senior consultant, main operating sur-
geon; Vigneshwara Badikillaya: consultant, operating
surgeon; Umesh P. Kanade: assist fellow, data compilation,
manuscript formation; Keyur Akbari: assist fellow, data &
manuscript analysis; T. Sharan Achar: assist fellow, data
compilation, manuscript formatting; B. Harith Reddy: se-
nior registrar.

References

1. Baker CE, Milbrandt TA, Larson AN. Anterior verte-
bral body tethering for adolescent idiopathic scolio-
sis: early results and future directions. Orthop Clin

10.

11.

12.

Asian Spine J. May 22, 2023 [Epub ahead of print]

North Am 2021;52:137-47.

. Pehlivanoglu T, Oltulu I, Ofluoglu E, et al. Thoraco-

scopic vertebral body tethering for adolescent idio-
pathic scoliosis: a minimum of 2 years’ results of 21
patients. ] Pediatr Orthop 2020;40:575-80.

. Buyuk AF, Milbrandt TA, Mathew SE, Larson AN.

Measurable thoracic motion remains at 1 year fol-
lowing anterior vertebral body tethering, with sagit-
tal motion greater than coronal motion. ] Bone Joint
Surg Am 2021;103:2299-305.

. Mehlman CT, Araghi A, Roy DR. Hyphenated his-

tory: the Hueter-Volkmann law. Am J Orthop (Belle
Mead NJ) 1997;26:798-800.

. Stokes IA, Spence H, Aronsson DD, Kilmer N. Me-

chanical modulation of vertebral body growth: im-
plications for scoliosis progression. Spine (Phila Pa
1976) 1996;21:1162-7.

. Akel I, Yazici M. Growth modulation in the manage-

ment of growing spine deformities. ] Child Orthop
2009;3:1-9.

. Bonsignore-Opp L, Murphy J, Skaggs D, et al. Growth

modulation for childhood scoliosis: where have we
come from and where are we going?: current concept
review. ] Pediatr Orthop Soc North Am 2019;1:1-8.

. Danielsson AJ, Romberg K, Nachemson AL. Spinal

range of motion, muscle endurance, and back pain
and function at least 20 years after fusion or brace
treatment for adolescent idiopathic scoliosis: a case-
control study. Spine (Phila Pa 1976) 2006;31:275-83.

. Green DW, Lawhorne TW, Widmann RF, et al.

Long-term magnetic resonance imaging follow-
up demonstrates minimal transitional level lumbar
disc degeneration after posterior spine fusion for
adolescent idiopathic scoliosis. Spine (Phila Pa 1976)
2011;36:1948-54.

Larson AN, Baky F, Ashraf A, et al. Minimum 20-
year health-related quality of life and surgical rates
after the treatment of adolescent idiopathic scoliosis.
Spine Deform 2019;7:417-27.

Danielsson AJ, Nachemson AL. Radiologic find-
ings and curve progression 22 years after treatment
for adolescent idiopathic scoliosis: comparison of
brace and surgical treatment with matching control
group of straight individuals. Spine (Phila Pa 1976)
2001;26:516-25.

Samdani AF, Ames R], Kimball JS, et al. Anterior
vertebral body tethering for idiopathic scoliosis: two-



NFASC Nonfusion Anterior Scoliosis Correction ] I

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

year results. Spine (Phila Pa 1976) 2014;39:1688-93.
Asher M, Min Lai S, Burton D, Manna B. The reli-
ability and concurrent validity of the Scoliosis Re-
search Society-22 patient questionnaire for idiopathic
scoliosis. Spine (Phila Pa 1976) 2003;28:63-9.

Kara G, Cavlak, U, Altug, F. Home safety of individu-
als with neurological disorders: a Turkish sample.
Ergoter Rehabil Derg 2018;6:117-24.

Faro FD, Marks MC, Newton PO, Blanke K, Lenke
LG. Perioperative changes in pulmonary function
after anterior scoliosis instrumentation: thoraco-
scopic versus open approaches. Spine (Phila Pa 1976)
2005;30:1058-63.

Tokala DP, Nelson IW, Mehta JS, Powell R, Grannum
S, Hutchinson MJ. Prediction of scoliosis curve cor-
rection using pedicle screw constructs in AIS: a com-
parison of fulcrum bend radiographs and traction
radiographs under general anesthesia. Global Spine ]
2018;8:676-82.

He C, Wong MS. Spinal flexibility assessment on the
patients with adolescent idiopathic scoliosis: a litera-
ture review. Spine (Phila Pa 1976) 2018;43:E250-8.
Blanco JS, Perlman SL, Cha HS, Delpizzo K. Multi-
modal pain management after spinal surgery for ado-
lescent idiopathic scoliosis. Orthopedics 2013;36(2
Suppl):33-5.

Elsarrag M, Soldozy S, Patel P, et al. Enhanced recov-
ery after spine surgery: a systematic review. Neuro-
surg Focus 2019;46:E3.

Baroncini A, Trobisch PD, Berjano P, et al. Correla-
tion between age, coronal and sagittal parameters
and spine flexibility in patients with adolescent idio-
pathic scoliosis. Spine Deform 2021;9:1525-31.
Glassman SD, Bridwell K, Dimar JR, Horton W, Ber-
ven S, Schwab E The impact of positive sagittal bal-
ance in adult spinal deformity. Spine (Phila Pa 1976)
2005;30:2024-9.

Hoernschemeyer DG, Boeyer ME, Robertson ME, et
al. Anterior vertebral body tethering for adolescent
scoliosis with growth remaining: a retrospective re-
view of 2 to 5-year postoperative results. ] Bone Joint
Surg Am 2020;102:1169-76.

23.

24,

25.

26.

27.

28.

29.

30.

Newton PO, Bartley CE, Bastrom TP, Kluck DG,
Saito W, Yaszay B. Anterior spinal growth modula-
tion in skeletally immature patients with idiopathic
scoliosis: a comparison with posterior spinal fusion
at 2 to 5 years postoperatively. ] Bone Joint Surg Am
2020;102:769-77.

Wong HK, Ruiz JN, Newton PO, Gabriel Liu KP.
Non-fusion surgical correction of thoracic idiopathic
scoliosis using a novel, braided vertebral body teth-
ering device: minimum follow-up of 4 years. JB JS
Open Access 2019;4:e0026.

Hegde SK, Venkatesan M, Akbari KK, Badikillaya
VM. Efficacy of anterior vertebral body tethering
in skeletally mature children with adolescent idio-
pathic scoliosis: a preliminary report. Int J Spine Surg
2021;15:995-1003.

Samdani AF, Ames R]J, Kimball JS, et al. Anterior
vertebral body tethering for immature adolescent
idiopathic scoliosis: one-year results on the first 32
patients. Eur Spine ] 2015;24:1533-9.

Boudissa M, Eid A, Bourgeois E, Griftet ], Courvoisier
A. Early outcomes of spinal growth tethering for
idiopathic scoliosis with a novel device: a prospec-
tive study with 2 years of follow-up. Childs Nerv Syst
2017;33:813-8.

Cobetto N, Aubin CE, Parent S. Surgical planning
and follow-up of anterior vertebral body growth
modulation in pediatric idiopathic scoliosis using
a patient-specific finite element model integrating
growth modulation. Spine Deform 2018;6:344-50.
Rushton PR, Nasto L, Parent S, Turgeon I, Aldebeyan
S, Miyanji E Anterior vertebral body tethering for
treatment of idiopathic scoliosis in the skeletally im-
mature: results of 112 cases. Spine (Phila Pa 1976)
2021;46:1461-7.

Hoernschemeyer DG, Boeyer ME, Tweedy NM,
Worley JR, Crim JR. A preliminary assessment of
intervertebral disc health and pathoanatomy changes
observed two years following anterior vertebral body
tethering. Eur Spine J 2021;30:3442-49.



PAGE INTENTIONALLY LEFT BLANK



PAGE INTENTIONALLY LEFT BLANK



GMOAAG7
6.23 Rev A



