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Abstract

Background/Objectives: Adolescent Idiopathic Scoliosis (AIS) is a lateral curvature of
the spine combined with rotation and associated postural changes. Curves are classified
according to direction and the spinal region, with right thoracic curves being a common
presentation. Curve magnitude is measured using Cobb angles on radiographs and is used
to monitor curve progression, with one of the main aims of treatment being prevention of
progression to surgical levels. Treatment options may include observation, physiothera-
peutic scoliosis-specific exercises (PSSE), thoracolumbosacral orthotic (TLSO) bracing, or
surgery and are dependent on curve magnitude, risk of progression, and patient goals.
Methods: This case series includes five patients (four female and one male, mean age of
14.8 y) who received previous non-surgical treatment without success and had severe right
thoracic AIS with an average Cobb angle measurement of 53.4◦, involving spinal curve
magnitudes that warrant surgical recommendation. Results: These patients’ curves were
successfully reduced to nonsurgical levels utilizing a non-surgical, multimodal treatment
approach combining 3D corrective TLSO bracing using the ScoliBrace®, PSSEs, and spinal
rehabilitation over an average of 37.0 months. The average Cobb angle reduced from
53.4◦ to 29.6◦ (44.6% reduction) after being weaned off treatment. Conclusions: This series
has shown successful, clinically significant improvement in Cobb angle and trunk symme-
try in five patients with severe AIS using a non-surgical, multimodal approach combining
3D corrective TLSO bracing using the ScoliBrace® and spinal rehabilitation procedures.
Further investigation into this multimodal non-surgical approach for children, parents, and
healthcare providers and policymakers seeking an alternative to surgical intervention for
AIS is warranted.

Keywords: adolescent idiopathic scoliosis; AIS; ScoliBrace; ScoliBalance; TLSO; spinal
rehabilitation; PSSE; non-surgical; multimodal; mirror image

1. Introduction
Adolescent Idiopathic Scoliosis (AIS) is defined as a lateral curvature of the spine

in the coronal plane measuring greater than a 10◦ Cobb angle on X-ray [1], accompa-
nied by vertebral rotation and trunk deformity [2,3], and presenting between 10 and
17 years of age [4]. The condition has no determined direct underlying cause and is
prevalent in approximately 2–3% of the adolescent population, with females affected more
than males [5,6]. Curves tend to present and progress during the pubertal period of
rapid growth [4,7,8].
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Untreated AIS can lead to increased back pain and pulmonary symptoms for patients
with large thoracic curves [5]. These patients can also develop substantial deformity [5].
Early-onset scoliosis is rarer yet has more severe consequences than AIS if left untreated [9].
These patients are more likely to progress to more severe curves and thoracic insufficiency,
increasing the need for surgery, which is not without risks [10]. In adults living with AIS, it
seems that quality of life and disability scores are increasingly correlated with decisions
to have surgery when compared to the Cobb angle [11]. Some authors have also reported
significant limitations in social activity due to back deformity [12–14]. Poor self-image
scores compared to age-matched controls have also been reported [11,15]. Psychological
disturbance has also been noted in 39% of women with thoracic curves larger than 40◦ [11].
Clinical features of AIS include spinal curvature, uneven shoulder height, asymmetrical
scapula positioning, waistlines, and rib cages; translation or shift of the trunk in relation to
the sacrum; and possible changes in kyphosis and lordosis in the sagittal plane [16].

AIS treatment decisions are often dependent on the risk of progression and are based
on the size and location of the curve and remaining growth of the adolescent [4,5,17].
While remaining growth is a risk factor for progression, it also provides an opportunity
for the growth modulation of the curve through treatment [18–20]. One of the primary
considerations in improving scoliosis outcomes is that of aesthetic appearance [4,21–23],
which may influence self-image and function [24].

Non-surgical treatment approaches for AIS include physiotherapeutic scoliosis-specific
exercises (PSSE) for curves under 25◦ and PSSE combined with bracing for curves between
25 and 60◦ [4,17,25–27]. The aims of non-surgical management include preventing curve
progression and the need for surgery [4,17,28,29], as well as improved aesthetics, quality of
life, prevention of back pain, psychological well-being, and prevention of progression in
adulthood [4,23]. Clinical studies have shown that the non-surgical management of AIS
can reduce the prevalence of surgical intervention [30,31] and result in successful treatment
outcomes [32,33] in curves below a surgical threshold of 45◦.

Surgery is often recommended for patients whose curve is greater than 45◦ while still
growing or continuing to progress beyond 45◦ when growth has stopped [34]. Surgical
interventions include spinal fusion using metal implants to correct the spine and stabilize it
in the improved position [34]. Many patients in surgical range reject surgical intervention
for a multitude of reasons, including but not limited to an inability for spinal fusion
to correct the signs and symptoms of scoliosis, complications of spinal fusion surgery
including loss of normal spinal function, post-surgical pain, and continued curvature
progression, as well as the prospect of needing revision surgery [35,36].

The aim of this case series is to present the results of a non-surgical, multimodal
treatment approach for five surgical-level AIS cases, having attempted previous traditional
non-surgical treatment, including various combinations of treatments with Boston braces,
physical therapy, and chiropractic care. The multimodal treatment prescribed included a
custom ScoliBrace® spinal orthosis, worn 21 h per day, ScoliBalance®, CLEAR™ manual
therapy techniques, and a daily, one-hour, home exercise program. The measurement of
initial Cobb angles, the Angle of Trunk Rotation (ATR), coronal balance, and Trunk Aesthetic
Clinical Evaluation (TRACE) scores were compared to post-treatment measurements.

2. Materials and Methods
2.1. Patient Inclusion Criteria

This case series reports on five patients who reported to a spinal rehabilitation facility
with AIS. From 1 September 2016 to 30 September 2021, a total of 15 cases were identified
to fit the predefined inclusion and exclusion criteria. Of these, five cases were selected for
further analysis. For all patients, the following was consistent at their initial visit:
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1. Health histories revealed right thoracic scoliosis diagnosed in the adolescent stage
of development (AIS) (International Classification of Diseases, Tenth Revision
(ICD-10) M41.12).

2. Posteroanterior (P-A) radiographic exams revealed severe (>45◦) [4,23] right thoracic
AIS Cobb angle measurements that meet surgical recommendation guidelines [4,23].

3. Standing posture assessment revealed right coronal imbalance, a right thoracic promi-
nence, and uneven shoulders on all five patients.

4. Adam’s Forward Bend Test and ATR assessment revealed significant trunk rotation
with an average of 12.4◦ right thoracic (ranging from 7◦ to 17◦ right thoracic).

5. TRACE revealed an average score of 8.6 (ranging from 8 to 9) out of a maximal score
of 12, indicating trunk asymmetrical aesthetic changes.

6. Patients had re-exam and follow-up exam documentation to compare with initial
examination findings and were compliant with treatment recommendations.

With regard to bracing duration and at-home scoliosis-specific exercise, compliance
and adherence to the program were self-reported by the patients.

2.2. Patient Exclusion Criteria

Patients were excluded from the case series if any of the following conditions were met:

1. The patient/parent/carer was unable to give informed consent for involvement in the
case series.

2. The patient had an underlying neuromuscular, congenital, or additional factor com-
plicating the curve.

3. The patient was engaged in external or additional treatment programs.

2.3. Health Measures
2.3.1. Radiographic Analysis

P-A spinal radiographs were taken at pre-treatment, ScoliBace® fitting (in-brace),
and post-treatment exams with the patient in a neutral, upright, weight-bearing position,
allowing the detection of alignment abnormalities (i.e., rotations and translations of the
head, spine, and pelvis from a normal position in a 3D coordinate system) [37].

The radiographs of the patient were examined using the Cobb method of measure-
ment [38]. Coronal balance was measured using the distance between the C7 plumb line
and the central sacral vertical line (CSVL) [39]. Coronal decompensation is usually defined
as the 20 mm lateral deviation of C7 from the central sacral line in the frontal plane [40].
The Scoliosis Research Society (SRS) defines “compensation” as the vertical alignment of
the midpoint of C7 within 15 mm of the sacral midpoint in the coronal plane [40].

An improvement in scoliosis has been defined conventionally as a reduction of the
Cobb angle on X-ray of more than 5◦ [41–43]. Additionally, treatment is often aimed beyond
solely reducing the Cobb angle [44] and incorporates other aims, including improving
aesthetics, and reducing the risk to breathing function [23]. Reduction to under 15 mm
in coronal balance has been determined by the SRS as an improvement when reporting
outcomes of surgery for AIS but not specifically for non-surgical management [40]. For the
purpose of this paper, the same measurement was used.

2.3.2. Standing Posture Assessment

A P-A posture assessment was performed at pre-treatment, ScoliBace® fitting
(in-brace), and post-treatment exams using photography with the patient in a neutral,
upright, weight-bearing position in front of a posture grid, allowing the detection of align-
ment abnormalities (i.e., rotations and translations of the head, thorax, and pelvis from a
normal position in a 3-dimensional coordinate system) [37].
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2.3.3. Adam’s Forward Bending Test and Angle of Trunk Rotation (ATR)

Part of the AIS clinical examination is carried out by means of an Adam’s Forward
Bend Test, which is often accompanied by scoliometer readings of the ATR, both of which
have shown inter-examiner reliability [45]. This has become one of the main screening
tools used for AIS [46], with a progression or improvement in ATR being identified by a
minimum of a 2◦ change [41,42].

ATR is measured using a scoliometer run along the patient’s spine during an Adam’s
Forward Bend Test. This is useful in determining the highest amount of trunk rotation in
each region of the spine [47] to provide some indication of the three-dimensional deformity.
Stable ATR measurements have been shown to be a safe, non-invasive, and cost-effective
alternative to serial radiographs in the clinical monitoring of AIS [47]. It is not designed
to be a diagnostic tool. Instead, it provides an indication of the need for an X-ray [48].
Coelho et al. (2013) noted the correlation between the scoliometer measurement and the
X-ray measurement (r = 0.7 with p < 0.05) [49]. The main thoracic and thoracolumbar
regions appear to be the most differentiating in the diagnosis of scoliosis [50]. It is possible
to identify 87% of patients with a Cobb angle of 10◦ or more and 100% of the patients with
curves greater than 20◦ using 5◦ ATR as the criteria for referral [49]. Bunnell recommended
a minimum of 7◦ ATR as a criterion for referral to decrease the number of false positives [51].

2.3.4. Trunk Aesthetic Clinical Evaluation (TRACE)

The TRACE tool is an objective four-item scale that evaluates four sub-scales: shoulders
(0 to 3), scapulae (0 to 2), hemithorax (0 to 2), and waist (0 to 4), where 0 is no trunk
asymmetry and the highest number, 12, is maximum trunk asymmetry [22]. This tool is
sometimes used in clinical practice [52], providing individual scores for all aforementioned
features and an overall global score to assess trunk aesthetics [53]. TRACE has proven
to be a simple tool to implement in practice, with a change of 3 points or more out of
12 representing a significant change during treatment when the pre- and post-treatment
observer is the same (intra-rater reliability) [54]. The TRACE scoring in the cases presented
was conducted by a qualified physical therapist (RM) specializing in PSSE with more than
seven years’ experience in using TRACE for AIS in day-to-day practice. The inter-rater
reliability of the TRACE is currently considered poor, and thus reassessment was only
performed by one assessor.

2.4. Patients’ Presentations
2.4.1. Patient 1 (R)

A 15-year-old female (179.1 cm height, 51.8 kg) was diagnosed with a right thoracic
AIS with a Cobb angle from T5 to L1 and apex at T9 (Cobb angle T5-L1 (T9)) measuring 37◦

on 9 June 2016. Reassessment by her surgeon on the 31 May 2017 showed progression of her
Cobb angle to 50◦, and surgery was recommended. The patient underwent a presurgical
MRI on 21 September 2017, which showed no other pathology, and was scheduled for
surgery on 3 September 2018.

On 4 February 2018, the patient presented to a spinal rehabilitation clinic and un-
derwent postural and P-A full spine radiography examination. Pre-treatment P-A full
spine stress radiographs showed curve flexibility [55]. The patient had a pre-treatment
right thoracic ATR measuring 17◦ at T9 (0◦ is ideal), a right thoracic Cobb angle T4-L1 (T9)
measuring 49◦ (0◦ is ideal), a TRACE score of 9/12 (shoulders 3, scapulae 2, hemithorax 2, and
waist 2; 0 is ideal), and a Risser score of 3 (Table 1). The non-surgical multimodal treatment
approach outlined in Appendix A Table A1 was recommended.



Healthcare 2025, 13, 1522 5 of 17

Table 1. Pre-Treatment and Post-Treatment Cobb Angles, ATR, TRACE Scores, Risser Signs, and
Treatment Duration for Patients 1–5.

Health Measures Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Mean
Initial Age (y)

Post-Treatment Age (y)
15
18

15
19

16
19

13
16

15
17

14.8
17.8

Sex F M F F F -
Height (cm) 179.1 160.0 171.5 156.2 163.8 166.1
Weight (kg) 51.8 43.1 63 43.5 57.2 51.7

Pre-Treatment Cobb Angle (◦) 49 48 55 60 55 53.4
Post-Treatment Cobb Angle (◦) 29 24 31 34 30 29.6

∆ Cobb Angle (◦(%)) −20(40.8) −24(50.0) −24(43.6) −26(43.3) −25(45.5) −23.8(44.6)
Pre-Treatment ATR (◦) 17 12 20 20 16 17
Post Treatment ATR (◦) 4 1 13 2 12 6.4

∆ ATR (◦(%)) −13(76.5) −11(91.7) −7(35) −18(90) −4(25) −10.6(62.3)

Pre-Treatment
TRACE Score

Shoulder
Score 3 2 2 3 3 2.6

Scapulae
Score 2 2 2 1 2 1.8

Hemithorax
Score 2 2 2 2 2 2

Waist Score 2 3 2 2 2 2.2
Overall
Score 9 9 8 8 9 8.6

Post-Treatment
TRACE Score

Shoulder
Score 1 1 1 1 1 1

Scapulae
Score 1 0 1 1 1 0.8

Hemithorax
Score 1 1 1 1 1 1

Waist Score 1 1 1 1 1 1
Overall
Score 4 3 4 4 4 3.8

∆ TRACE Score (n(%)) −5(55.6) −6(66.7) −4(50.0) −4(50.0) −5(55.6) −4.8(55.8)
Pre-Treatment Risser Sign 3 0 4 0 3 2
Post-Treatment Risser Sign 5 5 5 4 4 4.6

Treatment Duration (months) 40.3 45.7 39.9 32.7 26.3 36.98
y = year, cm = centimeter, kg = kilogram, ◦ = degree, ∆ = change, % = percent, ATR = angle of trunk rotation,
TRACE = trunk aesthetic clinical evaluation, n = number.

2.4.2. Patient 2 (N)

A 15-year-old male (160.0 cm height, 43.1 kg) reported a family history of severe
scoliosis and was diagnosed with right thoracic AIS with a Cobb angle T5-Tll (T9) measuring
15◦ in August 2015. The patient stated his doctor recommended he “watch and wait and
return in a year.” At the one-year follow-up exam in August 2016, the patient stated his
curve had progressed to 33◦, at which time his doctor recommended a TLSO Boston Brace.
The patient stated he decided to seek alternative options.

In November 2016, the patient and their mother presented to a spinal rehabilitation
clinic and underwent postural and P-A full spine radiography examinations. Pre-treatment
P-A full spine stress radiographs show curve flexibility [55]. The patient had a pre-treatment
right thoracic ATR measuring 12◦ at T9 (0◦ is ideal), a right thoracic Cobb angle T5-T11 (T9)
measuring 39◦ (0◦ is ideal), a TRACE score of 9/12 (shoulders 2, scapulae 2, hemithorax 2, and
waist 3; 0 is ideal), and a Risser score of 0 (Table 1). The non-surgical multimodal treatment
approach outlined in Appendix A Table A1 was recommended; however, the patient’s
mother chose traditional chiropractic adjustments for 90 days. In January 2017, the patient
returned to the spinal rehabilitation clinic to pursue the non-surgical multimodal treatment
approach, at which point his Cobb angle increased to 48◦.
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2.4.3. Patient 3 (B)

A 16-year-old female (171.5 cm height, 63 kg) was diagnosed with a right thoracic AIS
with a Cobb angle T4-L1 (T8) in 2012 by her chiropractor. When the curvature started to
show signs of rapid progression, she was referred to a spinal rehabilitation clinic.

On 26 February 2018, the patient presented to a spinal rehabilitation clinic and un-
derwent postural and P-A full spine radiography examination. Pre-treatment P-A full
spine stress radiographs showed curve flexibility [55]. The patient had a pre-treatment
right thoracic ATR measuring 20◦ at T8 (0◦ is ideal), a right thoracic Cobb angle T4-L1 (T8)
measuring 55◦ (0◦ is ideal), a TRACE score of 8/12 (shoulders 2, scapulae 2, hemithorax 2, and
waist 2; 0 is ideal), and a Risser score of 4 (Table 1). The non-surgical multimodal treatment
approach outlined in Appendix A Table A1 was recommended.

2.4.4. Patient 4 (K)

A 13-year-old female (156.2 cm height, 43.5 kg) was diagnosed with a right tho-
racic AIS with a Cobb angle T5-L1 (T9) in 2018 by her chiropractor. When the curvature
started to show signs of progression, she was referred to a spinal rehabilitation clinic in
October 2018.

In October 2018, the patient presented to a spinal rehabilitation clinic and underwent
postural and P-A full spine radiography examination. Pre-treatment P-A full spine stress
radiographs showed curve flexibility [55]. The patient had a pre-treatment right thoracic
ATR measuring 20◦ at T8 (0◦ is ideal), a right thoracic Cobb angle T5-L1 (T9) measuring 60◦

(0◦ is ideal), a TRACE score of 8/12 (shoulders 3, scapulae 1, hemithorax 2, and waist 2; 0 is
ideal), and a Risser score of 0 (Table 1). The non-surgical multimodal treatment approach
outlined in Appendix A Table A1 was recommended.

2.4.5. Patient 5 (J)

A 15-year-old female (163.8 cm height, 57.2 kg) was diagnosed with a right thoracic AIS
with a Cobb angle T5–T12 (T9) in 2017 by her chiropractor of 14 years. When the curvature
started to show signs of rapid progression, she was referred to a spinal rehabilitation clinic
in April 2019.

In April 2019, the patient presented to a spinal rehabilitation clinic and underwent
postural and P-A full spine radiography examinations. Pre-treatment P-A full spine stress
radiographs show curve flexibility [55]. The patient had a pre-treatment right thoracic ATR
measuring 16◦ at T9 (0◦ is ideal), a right thoracic Cobb angle T5–T12 (T9) measuring 55◦

(0◦ is ideal), a TRACE score of 9/12 (shoulders 3, scapulae 2, hemithorax 2, and waist 2; 0 is
ideal), and a Risser score of 3 (Table 1). The non-surgical multimodal treatment approach
outlined in Appendix A Table A1 was recommended.

2.5. Non-Surgical Multimodal Spinal Rehabilitation

2.5.1. ScoliBrace® 3-D Over-Corrective TLSO Bracing

ScoliBrace® is a customized, rigid, over-corrective thoraco-lumbo-sacral orthosis de-
signed to place the patient in an in-brace position that attempts to correct the spine and
posture in three dimensions using a Mirror Image® approach [56–59]. Each ScoliBrace®

is custom designed and made for the individual patient with the latest in 3-D scanning
technology and computer-aided design and manufacture (CAD CAM) (Canfit, V17), using
a specific design algorithm and patient-centered approach to bracing treatment [57,60].
ScoliBrace® uses an over-corrective approach to guide the body into a posture that is the
opposite (Mirror Image®) to the way the scoliosis has positioned it, with the aim of reducing
the Cobb angle where possible through axial elongation and counter-stress pressures. By
putting the body posture in this over-corrected position, it directs the spine to begin to
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straighten using the concept of spinal coupling. As the body moves into the opposite
position, the spine moves with it towards that position, achieving the maximum straight-
ening within the limits of the spine and overall patient flexibility [58,61]. The patients
were prescribed to wear this orthosis full-time (20–23 h per day) for improved treatment
outcomes [62], as bracing dose has been shown to affect outcomes [63,64].

2.5.2. ScoliBalance® PSSE Program

The patients were instructed using ScoliBalance® [58] as a PSSE program [4].
ScoliBalance® is designed to help restore postural balance in the spine and trunk,

maintain the integrity of balance and proprioception in the entire person, and reduce the
Cobb angle of the curve if possible or prevent its progression in severe curves [58]. The
program has been described elsewhere [58] and incorporates a combination of physiothera-
peutic, chiropractic, and exercise rehabilitation principles and methods aimed at achieving
the best possible postural correction for each patient.

2.5.3. Chiropractic Leadership, Educational Advancement, and Research (CLEAR™)
Scoliosis Institute Treatment

The CLEAR™ Scoliosis Treatment Protocol is designed to address multiple factors
related to the scoliosis presentation simultaneously [65]. It includes scoliosis-specific
physical therapy exercises, specialized adjustments, and balance training exercises [65].
The details of this approach are in Appendix A Table A1 and Figure A1.

3. Results
3.1. Post-Treatment Exams

Re-evaluations occurred two weeks following the pre-treatment examination and
then every 90 days thereafter. Active treatment lasted approximately 18 months, with
an intensive two-week protocol every 6 months. Brace modifications and new braces
were prescribed as needed due to reduction in Cobb angle, changes in curve shape, pos-
tural changes, and physical growth. After approximately 18 months of care, patients
were weaned from treatment as desired treatment outcomes were achieved, defined by
a lack of curve progression or improvement in curve magnitude. Post-treatment ex-
ams were performed at a mean of 37.0 months including health measures obtained at
pre-treatment exams.

3.1.1. Patient 1 (R)

Patient 1 was treated for 40.3 months using the non-surgical multi-modal treatment
approach (Appendix A Table A1, Figure A1). At the initial ScoliBrace® fitting (1 week
after the initial consultation), the in-brace A-P full spine radiograph showed correction of
Cobb angle T4-L1 (T9) measuring 10◦ (79.6% reduction). Reassessment on 10 May 2018
showed improved coronal balance in posture. Patient 1 was fitted with a new ScoliBrace®

TLSO in April 2019 due to skeletal growth and curvature improvement. At 40.3 months
post-treatment, an A-P full spine radiograph showed improvement in the Cobb angle
T4-L1 (T9) to 29◦ (40.8% reduction), removing her from the recommended Cobb angle
measurement range for surgical treatment. Post-treatment ATR improved to 4◦ (76.5%
reduction), indicating improvement in trunk symmetry. The TRACE score improved to
4/12 (55.6% improvement; Table 1).

3.1.2. Patient 2 (N)

Patient 2 was treated for 45.7 months using the non-surgical multi-modal treat-
ment approach (Appendix A Table A1, Figure A1). At the initial ScoliBrace® fitting,
the in-brace A-P full spine radiograph showed correction of Cobb angle T5–T11 (T9)
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measuring 12◦ (75.0% reduction). Patient 2 was fitted with a new ScoliBrace® TLSO in
February 2018 and again in April 2020 due to skeletal growth and curvature improve-
ment. Reassessment showed improved coronal balance in posture. At 45.7 months
post-treatment, an A-P full spine radiograph showed improvement in the Cobb angle
T5–T11 (T9) to 24◦ (50.0% reduction), removing him from the recommended Cobb angle
measurement range for surgical treatment. Post-treatment ATR improved to 1◦ (91.7% re-
duction), indicating improvement in trunk symmetry. The TRACE score improved to 3/12
(66.7% improvement; Table 1).

3.1.3. Patient 3 (B)

Patient 3 was treated for 39.9 months using the non-surgical multi-modal treatment
approach (Appendix A Table A1, Figure A1). At the initial ScoliBrace® fitting, the in-brace
A-P full spine radiograph showed correction of Cobb angle T4-L1 (T8) measuring 20◦

(63.6% reduction). Patient 3 required ScoliBrace® modifications in August 2018 and was
fitted with a new ScoliBrace® TLSO in September 2019, September 2020, and May 2021 due
to skeletal growth and curvature improvement. Reassessment showed improved coronal
balance in posture. At 39.9 months post-treatment, an A-P full spine radiograph showed
improvement in the Cobb angle T4-L1 (T8) to 31◦ (43.6% reduction), removing her from the
recommended Cobb angle measurement range for surgical treatment. Post-treatment ATR
improved to 13◦ (35% reduction), indicating improvement in trunk symmetry. The TRACE
score improved to 4/12 (50.0% improvement; Table 1).

3.1.4. Patient 4 (K)

Patient 4 was treated for 32.7 months using the non-surgical multi-modal treatment
approach (Appendix A Table A1, Figure A1). At the initial ScoliBrace® fitting, the in-brace
A-P full spine radiograph showed correction of Cobb angle T4-L1 (T8) measuring 21◦ (65.0%
reduction). Patient 4 was fitted with a new ScoliBrace® TLSO in June 2019 and again in
December 2019 due to skeletal growth and curvature improvement. Reassessment showed
improved coronal balance in posture. At 32.7 months post-treatment, an A-P full spine
radiograph showed improvement in the Cobb angle T4-L1 (T8) to 34◦ (43.3% reduction),
removing her from the recommended Cobb angle measurement range for surgical treatment.
Post-treatment ATR improved to 2◦ (90% reduction), indicating improvement in trunk
symmetry. The TRACE score improved to 4/12 (50.0% improvement; Table 1).

3.1.5. Patient 5 (J)

Patient 5 was treated for 26.3 months using the non-surgical multi-modal treatment
approach (Appendix A Table A1, Figure A1). At the initial ScoliBrace® fitting, the in-brace
A-P full spine radiograph showed correction of Cobb angle T5-T12 (T9) measuring 17◦

(69.1% reduction). Patient 5 was fitted with a new ScoliBrace® TLSO in June 2021 due to
skeletal growth and curvature improvement. Reassessment showed improved coronal
balance in posture. At 26.3 months post-treatment, an A-P full spine radiograph showed
improvement in the Cobb angle T5–T12 (T9) to 30◦ (45.5% reduction), removing her from
the recommended Cobb angle measurement range for surgical treatment. Post-treatment
ATR improved to 12◦ (25% reduction), indicating improvement in trunk symmetry. The
TRACE score improved to 4/12 (55.6% improvement; Table 1).

It is important to note that all five patients were compliant with the clinician’s recom-
mendations throughout the duration of the treatment protocol.

4. Discussion
This case series documents the first recorded successful improvement in the AIS

Cobb angle and trunk symmetry of five AIS patients from a surgical to non-surgical
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recommendation status using a non-surgical, multimodal approach combining ScoliBrace®

TLSO, ScoliBalance® PSSEs, and CLEAR™ therapies. Mean values showed an improvement
of the Cobb angle from 53.4◦ to 29.6◦ (44.6%), right thoracic ATR from 17◦ to 6.4◦ (62.3%),
and TRACE score from 8.6 to 3.8 out of a potential 12 (55.8%) in 5 patients (4 female
and 1 male). This case series shows significant improvement from a surgical- to non-
surgical-level Cobb angle in patients who were treated with the aforementioned multimodal
approach. Significant improvements were also found in postural coronal balance, aesthetics
(TRACE scores), and ATR. This treatment approach is likely to have worked due to the
intensive and comprehensive approach to the treatment. It is also worth noting that
the patients commenced treatment beyond the typically recommended Risser sign of
0–2 because the patients refused surgical treatment despite a surgical recommendation [4].

The ScoliBrace® was prescribed to deliver a 3D, over-corrective, Mirror-Image® ap-
proach for each patient [58], likely contributing to the outcomes. For larger curves, pairing
it with ScoliBalance®—a PSSE program using a similar 3D, over-corrective method [58]—and
CLEAR™ techniques may have increased brace comfort despite significant structural
changes. This may have potentially improved compliance, a key factor in non-surgical AIS
treatment success [64]. The ScoliBalance® program strengthened the corrected curve pos-
ture, aiding condition stability as the patient reached growth completion. It also retrained
balance, crucial for coronally imbalanced patients at treatment onset.

The influence of psychological motivation through regular contact with the treating
clinician over the long-term follow-up should also be considered. With such significant
improvements, it is also likely that patient compliance was positively affected by the
promising results during the treatment process. All patients were compliant with the
Clinician’s recommendations throughout the duration of the treatment protocol.

In non-surgical scoliosis management, “success” is defined as keeping the primary
curve below 50◦ at skeletal maturity, with “failure” occurring otherwise [28,64]. This
benchmark is problematic, as significant curve progression can still be labeled “successful”
if under 50◦—an outcome often unsatisfactory to patients and parents, driving demand for
non-surgical options [66]. An “intensive” approach for AIS patients with 40–60◦ curves who
rejected surgery, combining bracing and PSSE, achieved a 78% success rate [28]. Similarly,
bracing alone in curves between 20 and 40◦ yielded a 72% success rate [64]. Unlike those
studies, our “intensive” protocol involved a multimodal strategy delivered in two-week
blocks over time until skeletal maturity, targeting curves exceeding surgical thresholds
and larger than those previously reported. Our case series found that five patients with
thoracic curves of 48–60◦ reduced to non-surgical levels with long-term follow-up—a
notable outcome, given thoracic curves’ higher brace failure risk compared to lumbar
curves, despite similar initial sizes and wear times [67].

For patients compliant with brace wear (>12.9 h/day, per the BrAIST study cut-off [64]),
brace failure (surgery or progression to ≥50◦) occurred in 30.3% of those with main thoracic
curves versus 5.3% with main lumbar curves (p = 0.0239) [67]. Larger curves combined
with lower Risser scores at brace initiation strongly predict failure [67]. Our research offers
fresh insight, showing that patients who have not yet reached skeletal maturity with large
thoracic curves, who decline surgery, can reduce Cobb angles to non-surgical levels using a
multimodal approach.

This paper explores a non-surgical strategy for surgical-level curves, which are typi-
cally considered at 45–50◦. Conventionally, bracing and PSSE are advised beforehand, but
dosage beyond bracing hours is seldom considered. Our study introduces a more intensive
approach for severe curves, demonstrating potential success by combining curve flexibility
enhancement through CLEAR™ techniques and a PSSE program through ScoliBalance®,
with ScoliBrace®.



Healthcare 2025, 13, 1522 10 of 17

This study’s limitations stem from its retrospective design and small sample of five
patients, raising potential recall and selection bias. With only five patients and no con-
trol group, the study lacks the statistical power to draw robust conclusions regarding
treatment effect. The limited population and sample size restrict the study’s applicability
to other settings or patient groups (patients with different curve patterns, differing age
groups, etc.). Patient-reported outcomes with regard to bracing and exercise compliance
may be influenced by recall bias. Adherence to bracing or PSSE protocols likely varies
among patients but is difficult to quantify retrospectively, confounding treatment effec-
tiveness. Additionally, not all exposures, potential confounders, and effect modifiers were
noted for all patients.

However, given the niche population—patients with surgical-level right thoracic
curves seeking non-surgical options—this study approach appeared fitting. In addition,
the use of standardized objective metrics (Cobb angle, ATR, etc.) allows for effective
comparison between cases within the study. While research on bracing and PSSE for curves
below 45–50◦ is expanding, studies on non-surgical management of surgical-level curves
remain scarce.

Future research into non-surgical management for those rejecting surgery should
involve larger cohorts. Randomization is often unattainable in this population; however,
propensity score matching or stratification could control for confounding variables, includ-
ing age, curve severity, or skeletal maturity. Incorporation of a control group would assist
in the clarification of treatment effects. Collecting patient satisfaction and quality-of-life
data would enable comparisons with outcomes from surgical or untreated patients.

5. Conclusions
This case documents the first observed significant improvement in AIS Cobb angle

and trunk symmetry of five AIS patients from surgical to non-surgical recommendation
status following participation in a conservative, non-surgical, multimodal approach com-
bining ScoliBrace® TLSO, ScoliBalance® PSSEs, and CLEAR™ therapies. Right thoracic
AIS patients (including those who have been recommended surgery) may benefit from an
examination from spinal rehabilitation clinics that use ScoliBrace® TLSO, ScoliBalance®

PSSEs, and CLEAR™ therapies to see if a non-surgical multimodal approach may
be possible.
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Appendix A

Table A1. Non-Surgical, Multimodal Treatment Prescription for Right Thoracic AIS.

Therapy/Exercise Repetitions/Duration Description

Wobble Chair Exercises 50 repetitions
A wobble chair is used for exercises that

challenge stability and reflexes to
maintain an upright posture [68].

Exercises on Whole Body Vibration Plate 10 min
Strengthening exercises while being

challenged on a whole body
vibration plate [69].

Thoracic Mechanical Drop Piece 10 min
A technique used to mobilize a restricted

or stiff joint in a very
controlled manner [70].

Flexion/Distraction Table with
Scoliosis Straps 20 min

A table designed specifically for scoliosis
treatment with the aim of providing

gentle, intermittent traction to the
scoliotic spine [71].

Mirror Image® Adjusting Not applicable

Mirror Image® adjutsting uses the
phenomenon of how an object

(spine/posture) can end up in a totally
different three-dimensional orientation
based on reversing the order of two or

more sequential movements [61]

Pettibon Instrument Adjusting 10 min

A form of percussion therapy using
Pettibon instruments with the aim of
relaxing deep spinal muscles. This is

performed asymmetrically [65].
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Table A1. Cont.

Therapy/Exercise Repetitions/Duration Description

Right Thoracic ScoliRoll® Traction on
DennerollTM Table

10 min

The ScoliRoll® (Denneroll Industries,
Sydney, AUS) is an orthotic traction

device designed specifically for
scoliosis patients [58,72]

Scoliosis Traction Chair 20 min

Use of gentle spinal traction to reduce
scoliosis whilst the patient is in a seated

position. Within this position, the
patient’s spine is simultaneously

de-rotated, elongated,
and straightened [73].

Total Body Weighting and Torso Trainer 10 min

This method attempts retrain the internal
postural mechanisms in the brain by
inducing a reaction through added

weights. The body learns to correct itself
against the weight which becomes

ingrained in the muscle memory and
postural mechanisms over time [74].

ScoliBalance® Exercises 40 repetitions

A physiotherapeutic scoliosis specific
exercise (PSSE) program approach was

used [58] that incorporated the PSSE
components as recommended by

international guidelines [4].

CLEAR Specific Scoliosis Exercises 10 repetitions

Individualised set of scoliosis-specific
exercises prescribed based on

three-dimensional X-ray analysis and
physical examination [75]

ScoliBrace® Corrective Brace
with Exercises

Brace 21 h, Exercises 1 h

Every ScoliBrace® is custom made for the
individual by a dedicated design team

and Computer Aided Design and
Manufacturer.

Unlike other traditional style scoliosis
braces, which use a 3-point pressure
system, ScoliBrace® uses an inverse

corrective approach that harnesses spinal
coupling to maximise correction where

possible.
In most cases ScoliBrace® uses an

over-corrective, Mirror Image® approach
to guide the body into a posture that is

the opposite of the way the scoliosis has
positioned it. By putting the body

posture in this over-corrected position, it
forces the spine to straighten up using the

concept of spinal coupling i.e., as the
body moves into the opposite position,
the spine moves with it towards that

position achieving the maximum
straightening within the limits of the

spine’s flexibility [58].
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Figure A1. Non-Surgical, Multimodal Treatment Therapies for Right Thoracic AIS. (A,B) Wobble
Chair Exercises; (C) Thoracic Mechanical Drop Adjustment; (D) Flexion/Distraction Table with
Scoliosis Straps; (E–G) Mirror Image® Adjusting; (H,I) Pettibon Instrument Adjusting; (J) Right
Thoracic ScoliRoll® Traction on DennerollTM Table; (K) Right Thoracic ScoliRoll® Traction on Floor;
(L) Total Body Weighting and Torso Trainer; (M) P-A Stress Radiograph Using Total Body Weighting
and Torso Trainer; (N) Scoliosis Traction Chair; (O) P-A Stress Radiograph Using Scoliosis Traction
Chair; (P,Q) ScoliBrace® 3-D Corrective TLSO Brace.



Healthcare 2025, 13, 1522 14 of 17

References
1. Weinstein, S.L.; Dolan, L.A.; Cheng, J.C.; Danielsson, A.; Morcuende, J.A. Adolescent idiopathic scoliosis. Lancet 2008, 371,

1527–1537. [CrossRef] [PubMed]
2. San Román Gaitero, A.; Shoykhet, A.; Spyrou, I.; Stoorvogel, M.; Vermeer, L.; Schlösser, T.P.C. Imaging Methods to Quantify the

Chest and Trunk Deformation in Adolescent Idiopathic Scoliosis: A Literature Review. Healthcare 2023, 11, 1489. [CrossRef]
3. Patias, P.; Grivas, T.B.; Kaspiris, A.; Aggouris, C.; Drakoutos, E. A review of the back surface metrics used as scoliosis evaluation

indices. Scoliosis 2010, 5 (Suppl. 1), O4. [CrossRef] [PubMed]
4. Negrini, S.; Donzelli, S.; Aulisa, A.G.; Czaprowski, D.; Schreiber, S.; de Mauroy, J.C.; Diers, H.; Grivas, T.B.; Knott, P.;

Kotwicki, T.; et al. 2016 SOSORT guidelines: Orthopaedic and rehabilitation treatment of idiopathic scoliosis during growth.
Scoliosis Spinal Disord. 2018, 13, 3. [CrossRef] [PubMed]

5. Weinstein, S.L. The Natural History of Adolescent Idiopathic Scoliosis. J. Pediatr. Orthop. 2019, 39 (Suppl. 1), S44–S46. [CrossRef]
6. Marya, S.; Tambe, A.D.; Millner, P.A.; Tsirikos, A.I. Adolescent idiopathic scoliosis: A review of aetiological theories of a

multifactorial disease. Bone Jt. J. 2022, 104-b, 915–921. [CrossRef]
7. Sanders, J.O.; Browne, R.H.; McConnell, S.J.; Margraf, S.A.; Cooney, T.E.; Finegold, D.N. Maturity assessment and curve

progression in girls with idiopathic scoliosis. J. Bone Jt. Surg. Am. 2007, 89, 64–73. [CrossRef]
8. Wong, L.P.K.; Cheung, P.W.H.; Cheung, J.P.Y. Curve type, flexibility, correction, and rotation are predictors of curve progression

in patients with adolescent idiopathic scoliosis undergoing conservative treatment: A systematic review. Bone Jt. J. 2022, 104-b,
424–432. [CrossRef]

9. Nilsonne, U.; Lundgren, K.D. Long-term prognosis in idiopathic scoliosis. Acta Orthop. Scand. 1968, 39, 456–465. [CrossRef]
10. Cunin, V. Early-onset scoliosis: Current treatment. Orthop. Traumatol. Surg. Res. 2015, 101 (Suppl. 1), S109–S118. [CrossRef]
11. Erwin, J.; Carlson, B.B.; Bunch, J.; Jackson, R.S.; Burton, D. Impact of unoperated adolescent idiopathic scoliosis in adulthood: A

10-year analysis. Spine Deform. 2020, 8, 1009–1016. [CrossRef] [PubMed]
12. Asher, M.A.; Burton, D.C. Adolescent idiopathic scoliosis: Natural history and long term treatment effects. Scoliosis 2006, 1, 2.

[CrossRef]
13. Noonan, K.J.; Dolan, L.A.; Jacobson, W.C.; Weinstein, S.L. Long-term psychosocial characteristics of patients treated for idiopathic

scoliosis. J. Pediatr. Orthop. 1997, 17, 712–717. [CrossRef]
14. Danielsson, A.J.; Wiklund, I.; Pehrsson, K.; Nachemson, A.L. Health-related quality of life in patients with adolescent idiopathic

scoliosis: A matched follow-up at least 20 years after treatment with brace or surgery. Eur. Spine J. 2001, 10, 278–288. [CrossRef]
[PubMed]

15. Weinstein, S.L.; Dolan, L.A.; Spratt, K.F.; Peterson, K.K.; Spoonamore, M.J.; Ponseti, I.V. Health and function of patients with
untreated idiopathic scoliosis: A 50-year natural history study. JAMA 2003, 289, 559–567. [CrossRef] [PubMed]

16. Scheral, S. Adolescent Idiopathic Scoliosis: Clinical Features, Evaluation, and Diagnosis. UpToDate [Consultado em Julho de
2018]. 2020. Available online: https://link.springer.com/article/10.1186/1748-7161-1-4 (accessed on 15 February 2025).

17. Choudhry, M.N.; Ahmad, Z.; Verma, R. Adolescent Idiopathic Scoliosis. Open Orthop. J. 2016, 10, 143–154. [CrossRef]
18. Stokes, I.A.; Burwell, R.G.; Dangerfield, P.H. Biomechanical spinal growth modulation and progressive adolescent scoliosis—A

test of the ‘vicious cycle’ pathogenetic hypothesis: Summary of an electronic focus group debate of the IBSE. Scoliosis 2006, 1, 16.
[CrossRef]

19. Aronsson, D.D.; Stokes, I.A. Nonfusion treatment of adolescent idiopathic scoliosis by growth modulation and remodeling.
J. Pediatr. Orthop. 2011, 31 (Suppl. 1), S99–S106. [CrossRef]

20. Guy, A.; Aubin, C. Finite element simulation of growth modulation during brace treatment of adolescent idiopathic scoliosis.
J. Orthop. Res. 2023, 41, 2065–2074. [CrossRef]

21. Kaya, M.H.; Erbahçeci, F.; Alkan, H.; Kocaman, H.; Büyükturan, B.; Canlı, M.; Büyükturan, Ö. Factors influencing of quality of
life in adolescent idiopathic scoliosis. Musculoskelet. Sci. Pract. 2022, 62, 102628. [CrossRef]

22. Prowse, A.; Pope, R.; Gerdhem, P.; Abbott, A. Reliability and validity of inexpensive and easily administered anthropometric
clinical evaluation methods of postural asymmetry measurement in adolescent idiopathic scoliosis: A systematic review.
Eur. Spine J. 2016, 25, 450–466. [CrossRef] [PubMed]

23. Negrini, S.; Grivas, T.B.; Kotwicki, T.; Maruyama, T.; Rigo, M.; Weiss, H.R. Why do we treat adolescent idiopathic scoliosis? What
we want to obtain and to avoid for our patients. SOSORT 2005 Consensus paper. Scoliosis 2006, 1, 4. [CrossRef]

24. Asher, M.; Lai, S.M.; Burton, D.; Manna, B. The influence of spine and trunk deformity on preoperative idiopathic scoliosis
patients’ health-related quality of life questionnaire responses. Spine 2004, 29, 861–868. [CrossRef]

25. Karavidas, N.; Tzatzaliaris, D. Brace and Physiotherapeutic Scoliosis Specific Exercises (PSSE) for Adolescent Idiopathic Scoliosis
(AIS) treatment: A prospective study following Scoliosis Research Society (SRS) criteria. Arch. Physiother. 2022, 12, 22. [CrossRef]
[PubMed]

https://doi.org/10.1016/S0140-6736(08)60658-3
https://www.ncbi.nlm.nih.gov/pubmed/18456103
https://doi.org/10.3390/healthcare11101489
https://doi.org/10.1186/1748-7161-5-12
https://www.ncbi.nlm.nih.gov/pubmed/20584340
https://doi.org/10.1186/s13013-017-0145-8
https://www.ncbi.nlm.nih.gov/pubmed/29435499
https://doi.org/10.1097/BPO.0000000000001350
https://doi.org/10.1302/0301-620X.104B8.BJJ-2021-1638.R1
https://doi.org/10.2106/JBJS.F.00067
https://doi.org/10.1302/0301-620X.104B4.BJJ-2021-1677.R1
https://doi.org/10.3109/17453676808989663
https://doi.org/10.1016/j.otsr.2014.06.032
https://doi.org/10.1007/s43390-020-00142-0
https://www.ncbi.nlm.nih.gov/pubmed/32468383
https://doi.org/10.1186/1748-7161-1-2
https://doi.org/10.1097/01241398-199711000-00004
https://doi.org/10.1007/s005860100309
https://www.ncbi.nlm.nih.gov/pubmed/11563612
https://doi.org/10.1001/jama.289.5.559
https://www.ncbi.nlm.nih.gov/pubmed/12578488
https://link.springer.com/article/10.1186/1748-7161-1-4
https://doi.org/10.2174/1874325001610010143
https://doi.org/10.1186/1748-7161-1-16
https://doi.org/10.1097/BPO.0b013e318203b141
https://doi.org/10.1002/jor.25553
https://doi.org/10.1016/j.msksp.2022.102628
https://doi.org/10.1007/s00586-015-3961-7
https://www.ncbi.nlm.nih.gov/pubmed/25917824
https://doi.org/10.1186/1748-7161-1-4
https://doi.org/10.1097/00007632-200404150-00008
https://doi.org/10.1186/s40945-022-00150-5
https://www.ncbi.nlm.nih.gov/pubmed/36316760


Healthcare 2025, 13, 1522 15 of 17

26. de Kleuver, M.; Lewis, S.J.; Germscheid, N.M.; Kamper, S.J.; Alanay, A.; Berven, S.H.; Cheung, K.M.; Ito, M.; Lenke, L.G.;
Polly, D.W.; et al. Optimal surgical care for adolescent idiopathic scoliosis: An international consensus. Eur. Spine J. 2014, 23,
2603–2618. [CrossRef]

27. Richards, B.S.; Bernstein, R.M.; D’Amato, C.R.; Thompson, G.H. Standardization of criteria for adolescent idiopathic scoliosis
brace studies: SRS Committee on Bracing and Nonoperative Management. Spine 2005, 30, 2068–2075; discussion 2076–2077.
[CrossRef]

28. Zhang, T.; Huang, Z.; Sui, W.; Wei, W.; Shao, X.; Deng, Y.; Yang, J.; Yang, J. Intensive bracing management combined with
physiotherapeutic scoliosis-specific exercises for adolescent idiopathic scoliosis patients with a major curve ranging from 40-60◦

who refused surgery: A prospective cohort study. Eur. J. Phys. Rehabil. Med. 2023, 59, 212–221. [CrossRef] [PubMed]
29. Fusco, C.; Donzelli, S.; Lusini, M.; Salvatore, M.; Zaina, F.; Negrini, S. Low rate of surgery in juvenile idiopathic scoliosis

treated with a complete and tailored conservative approach: End-growth results from a retrospective cohort. Scoliosis 2014, 9, 12.
[CrossRef]

30. Scaramuzzo, L. Special Issue: “Spinal Deformity: Diagnosis, Complication and Treatment in Adolescent Patients”. J. Clin. Med.
2023, 12, 525. [CrossRef]

31. Rigo, M.; Reiter, C.; Weiss, H.R. Effect of conservative management on the prevalence of surgery in patients with adolescent
idiopathic scoliosis. Pediatr. Rehabil. 2003, 6, 209–214. [CrossRef]

32. Maruyama, T.; Kitagawa, T.; Takeshita, K.; Mochizuki, K.; Nakamura, K. Conservative treatment for adolescent idiopathic
scoliosis: Can it reduce the incidence of surgical treatment? Pediatr. Rehabil. 2003, 6, 215–219. [CrossRef] [PubMed]

33. Kaelin, A.J. Adolescent idiopathic scoliosis: Indications for bracing and conservative treatments. Ann. Transl. Med. 2020, 8, 28.
[CrossRef] [PubMed]

34. SRS. Surgery. 2023. Available online: https://www.srs.org/Patients/Diagnosis-And-Treatment/Surgery#:~:text=Surgical%20
treatment%20is%20often%20recommended,45%C2%B0%20when%20growth%20stopped (accessed on 15 February 2025).

35. Weiss, H.-R.; Bess, S.; Wong, M.S.; Patel, V.; Goodall, D.; Burger, E. Adolescent idiopathic scoliosis—To operate or not? A debate
article. Patient Saf. Surg. 2008, 2, 25. [CrossRef] [PubMed]

36. Al-Mohrej, O.A.; Aldakhil, S.S.; Al-Rabiah, M.A.; Al-Rabiah, A.M. Surgical treatment of adolescent idiopathic scoliosis: Complica-
tions. Ann. Med. Surg. 2020, 52, 19–23. [CrossRef]

37. Oakley, P.A.; Harrison, D.D.; Harrison, D.E.; Haas, J.W. Evidence-based protocol for structural rehabilitation of the spine and
posture: Review of clinical biomechanics of posture (CBP) publications. J. Can. Chiropr. Assoc. 2005, 49, 270–296.

38. Prestigiacomo, F.G.; Hulsbosch, M.H.H.M.; Bruls, V.E.J.; Nieuwenhuis, J.J. Intra- and inter-observer reliability of Cobb angle
measurements in patients with adolescent idiopathic scoliosis. Spine Deform. 2022, 10, 79–86. [CrossRef]

39. Malfair, D.; Flemming, A.K.; Dvorak, M.F.; Munk, P.L.; Vertinsky, A.T.; Heran, M.K.; Graeb, D.A. Radiographic evaluation of
scoliosis: Review. AJR Am. J. Roentgenol. 2010, 194 (Suppl. 3), S8–S22. [CrossRef]

40. Karami, M.; Maleki, A.; Mazda, K. Assessment of Coronal Radiographic Parameters of the Spine in the Treatment of Adolescent
Idiopathic Scoliosis. Arch. Bone Jt. Surg. 2016, 4, 376–380.

41. Grosso, C.; Negrini, S.; Boniolo, A.; Negrini, A.A. The validity of clinical examination in adolescent spinal deformities.
Stud. Health Technol. Inform. 2002, 91, 123–125.

42. Negrini, S.; Aulisa, L.; Ferraro, C.; Fraschini, P.; Masiero, S.; Simonazzi, P.; Tedeschi, C.; Venturin, A. Italian guidelines on
rehabilitation treatment of adolescents with scoliosis or other spinal deformities. Eur. Medicophysica 2005, 41, 183–201.

43. Zmurko, M.G.; Mooney, J.F., 3rd; Podeszwa, D.A.; Minster, G.J.; Mendelow, M.J.; Guirgues, A. Inter- and intraobserver variance
of Cobb angle measurements with digital radiographs. J. Surg. Orthop. Adv. 2003, 12, 208–213. [PubMed]

44. Joarder, I.; Taniguchi, S.; Mendoza, A.; Snow, M.E. Defining “successful” treatment outcomes in adolescent idiopathic scoliosis: A
scoping review. Eur. Spine J. 2023, 32, 1204–1244. [CrossRef] [PubMed]

45. Côté, P.; Kreitz, B.G.; Cassidy, J.D.; Dzus, A.K.; Martel, J. A study of the diagnostic accuracy and reliability of the Scoliometer and
Adam’s forward bend test. Spine 1998, 23, 796–802; discussion 803. [CrossRef] [PubMed]

46. Wei, J.Z.; Cheung, B.K.C.; Chu, S.L.H.; Tsang, P.Y.L.; To, M.K.T.; Lau, J.Y.N.; Cheung, K.M.C. Assessment of reliability and validity
of a handheld surface spine scanner for measuring trunk rotation in adolescent idiopathic scoliosis. Spine Deform. 2023, 11,
1347–1354. [CrossRef]

47. Larson, J.E.; Meyer, M.A.; Boody, B.; Sarwark, J.F. Evaluation of angle trunk rotation measurements to improve quality and safety
in the management of adolescent idiopathic scoliosis. J. Orthop. 2018, 15, 563–565. [CrossRef]

48. Huang, S.C. Cut-off point of the Scoliometer in school scoliosis screening. Spine 1997, 22, 1985–1989. [CrossRef]
49. Coelho, D.M.; Bonagamba, G.H.; Oliveira, A.S. Scoliometer measurements of patients with idiopathic scoliosis. Braz. J. Phys. Ther.

2013, 17, 179–184. [CrossRef]

https://doi.org/10.1007/s00586-014-3356-1
https://doi.org/10.1097/01.brs.0000178819.90239.d0
https://doi.org/10.23736/S1973-9087.23.07605-0
https://www.ncbi.nlm.nih.gov/pubmed/36700244
https://doi.org/10.1186/1748-7161-9-12
https://doi.org/10.3390/jcm12020525
https://doi.org/10.1080/13638490310001642054
https://doi.org/10.1080/13638490310001642748
https://www.ncbi.nlm.nih.gov/pubmed/14713588
https://doi.org/10.21037/atm.2019.09.69
https://www.ncbi.nlm.nih.gov/pubmed/32055619
https://www.srs.org/Patients/Diagnosis-And-Treatment/Surgery#:~:text=Surgical%20treatment%20is%20often%20recommended,45%C2%B0%20when%20growth%20stopped
https://www.srs.org/Patients/Diagnosis-And-Treatment/Surgery#:~:text=Surgical%20treatment%20is%20often%20recommended,45%C2%B0%20when%20growth%20stopped
https://doi.org/10.1186/1754-9493-2-25
https://www.ncbi.nlm.nih.gov/pubmed/18826571
https://doi.org/10.1016/j.amsu.2020.02.004
https://doi.org/10.1007/s43390-021-00398-0
https://doi.org/10.2214/AJR.07.7145
https://www.ncbi.nlm.nih.gov/pubmed/15008284
https://doi.org/10.1007/s00586-023-07592-w
https://www.ncbi.nlm.nih.gov/pubmed/36847911
https://doi.org/10.1097/00007632-199804010-00011
https://www.ncbi.nlm.nih.gov/pubmed/9563110
https://doi.org/10.1007/s43390-023-00737-3
https://doi.org/10.1016/j.jor.2018.05.032
https://doi.org/10.1097/00007632-199709010-00007
https://doi.org/10.1590/S1413-35552012005000081


Healthcare 2025, 13, 1522 16 of 17
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