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Abstract

Background: Patients with adolescent idiopathic scoliosis (AIS) require effective bracing to
control curve progression. However, most traditional spinal braces commonly pose chal-
lenges in terms of undesired bulkiness and restricted mobility. Recent advancements have
focused on innovative brace designs, utilizing novel materials and structural configurations
to improve wearability and functionality. However, it remains unclear how effective these
next-generation braces are biomechanically compared to traditional braces. Objectives:
This review aimed to analyze the design features of next-generation AIS braces and assess
their biomechanical effectiveness via reviewing contemporary studies. Methods: Studies on
newly designed scoliosis braces over the past decade were searched in databases, including
Web of Science, PubMed, ScienceDirect, Wiley, EBCOHost and SpringerLink. The Joanna
Briggs Institute Critical Appraisal Checklist for Cohort Studies was adopted to evaluate
the quality of the included studies. The data extracted for biomechanical effect analysis
included brace components/materials, design principle, interfacial pressure, morphological
changes, and intercomparison parameters. Results: A total of 19 studies encompassing
12 different kinds of braces met the inclusion/exclusion criteria. Clinical effectiveness was
reported in 14 studies, with an average short-term Cobb angle correction of 25.4% (range:
12.41–34.3%) and long-term correction of 18.22% (range: 15.79–19.3%). This result aligned
broadly with the previously reported efficacy of the traditional braces in short-term cases
(range: 12.36–31.33%), but was lower than the long-term ones (range: 23.02–33.6%). Two
included studies reported an interface pressure range between 6.0 kPa and 24.4 kPa for
novel braces, which was comparable to that of the traditional braces (4.8–30.0 kPa). Addi-
tionally, five of six studies reported the trunk asymmetric parameters and demonstrated
improvement in trunk alignment. Conclusions: This study demonstrates that most newly
designed scoliosis braces could achieve comparable biomechanical efficacy to the conven-
tional designs, particularly in interface pressure management and Cobb angle correction.
However, future clinical adoption of these novel braces requires further improvements
of ergonomic design and three-dimensional correction, as well as more investigation and
rigorous evidence on the long-term treatment outcomes and cost-effectiveness.

Keywords: scoliosis; spinal brace; smart brace; spinal orthosis; biomechanical effect;
treatment efficacy
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1. Introduction
Scoliosis is a three-dimensional (3D) spinal deformity that primarily occurred in

adolescents who are in the process of rapid growth [1,2]. Severe scoliosis may lead to
some musculoskeletal, respiratory, and neurological problems [3,4]. Among all the treat-
ment options, the spinal brace (or orthosis) intervention has been regarded as an effective
conservative treatment for scoliosis, especially for the moderate curvatures [5,6].

Scoliosis braces, such as Milwaukee brace [7], Boston brace [8], Cheneau brace [9],
Lyon brace [10], and Wilmington brace [11], have been used clinically for decades. These
braces applied the three-point pressure principle: a correction force at the level of apical
vertebrae and the counterforce at the upper end and lower end level of the scoliotic curve,
via some correction pads and the shell of spinal braces [12]. These spinal braces have been
proven effective in treating scoliosis, with over 18 h of wearing time every day [13]. The
night-time braces, such as Charleston brace [14] and Providence brace [15], were developed
for patients with mild scoliosis to wear only at night. However, these rigid spinal braces
have the limitations of restraining trunk motion and producing discomfort during wearing,
leading to poor compliance rate in patients with scoliosis [16].

To improve the compliance rate, some flexible braces, such as SpineCor brace [17] and
TriaC brace [18], were developed in the 2000s to facilitate trunk movement and improve
patients’ wearing comfort. Some previous studies have also reported higher compliance of
the flexible braces than that of the rigid ones [19,20]. Nevertheless, a critical trade-off has
emerged, as the corrective efficacy of these flexible braces has remained controversial and
often less predictable [17].

In recent years, some novel scoliosis braces with new materials, structures, or func-
tionality have been developed. These braces combined the elastic and rigid materials and
were reported to be capable of correcting spinal deformity while allowing body move-
ment [21]. Some more complexed electronic scoliosis robots, which were composed of
three corrective platforms aligned with three-point pressure planes, were also developed
to correct spinal curvature in three levels independently [22,23]. Proponents suggested
that this design allowed the trunk to be maintained in a corrected position, potentially
achieving the necessary correction while addressing the mobility limitations [24].

The developments of novel scoliosis brace imply potential effects in key biomechanical
parameters—interface pressure distribution and morphological correction—compared to
traditional braces. These parameters are critical, as interface pressure directly influences
brace effectiveness and comfort, while morphological correction, as measured by Cobb
angle reduction and body symmetry, reflects clinical success. Regarding interface pressure,
previous studies reported that the overall interface pressure of the traditional braces ranged
from 4.80 to 30.00 kPa, including the Boston brace (4.80–30.00 kPa) [25,26], Chêneau brace
(7.34–9.45 kPa) [27], Milwaukee brace (7.53–9.31 kPa) [28,29], TLSO brace (7.09 kPa) [30],
and Charleston brace (8.93–18.53 kPa) [31]. For morphological outcomes, evidence demon-
strated that traditional braces achieved short-term (<6 months) Cobb angle reductions
of 12.36% to 31.33%, across the SpineCor brace (17.36–21.35%) [32,33], Cheneau brace
(15.50–31.33%) [34,35], Boston brace (19.4%) [34], and TLSO brace (12.36–15.90%) [32,33].
Meanwhile, the long-term (>6 months) treatment outcomes showed a further enhanced
efficacy of 23.02–33.6%, based on the results of the SpineCor brace (31.34%) [36], Cheneau
brace (25.6–30.89%) [34,35,37], and Boston brace (23.02–33.6%) [34,36,37]. Beyond the curva-
ture correction, the patient’s body symmetry [38] would also be crucial, as it reflects trunk
balance and alignment, which are vital for achieving effective scoliosis correction [39,40].
Although the interface pressure ranges and the short/long-term morphological outcomes
were documented for traditional braces, there is an absence of evidence evaluating whether
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the novel brace designs could also achieve comparable biomechanical effectiveness or not,
in terms of the pressure distribution, Cobb correction, and body symmetry parameters.

Most published review papers and meta-analysis studies have predominantly fo-
cused on synthesizing the Cobb angle progression prevention/correction of traditional
brace [41–43], or comparing different traditional braces [44]. Some reviews have sum-
marized the general ranges of the measured interface pressure across various traditional
braces [45,46]. Some other reviews have focused on the impact of patient compliance or
quality of life on the brace treatment efficacy [47,48]. However, there is a notable lack of
reviews analyzing the innovative design features of more novel braces and critically evalu-
ating the emerging evidence regarding their biomechanical performance and underlying
treatment mechanisms. With the potential application of novel and smart scoliosis braces,
it is necessary to systematically conduct a review and synthesis of the latest evidence on
the biomechanical effect and clinical efficacy of the novel scoliosis braces, to guide future
clinical practice and research directions.

To address the above-mentioned issues, the objectives of this review are (1) to identify
the novel design features and trends of the reported novel scoliosis braces; and (2) to evalu-
ate the evidence concerning the novel scoliosis braces’ biomechanical effects on interface
pressure and morphological changes. It is expected that the findings of this study can
offer synthesized evidence regarding the implementation of the newly developed scoliosis
braces in clinical practice and inspire future brace designs for patients with scoliosis.

2. Materials and Methods
2.1. Search Strategy

Published studies were searched using a three-step search strategy. An initial search
at MeSH browser was first undertaken to analyze the keywords contained in the titles
and abstracts, and the index terms used to describe the article. The keywords that were
identified for literature search were “AIS”, “scoliosis”, “spine deformity”, “brace/braces”,
“orthotic device”, “orthosis/orthoses”, “biomechanical effect”, and “biomechanics”. A
second search across databases of Web of Science, PubMed, ScienceDirect, Wiley, EBCOHost
and SpringerLink was undertaken using all identified keywords and index terms. An
example of the literature search results from Web of Science is provided in Table 1. Thirdly,
the reference lists of the identified reports and studies were searched for additional studies.

Table 1. Literature search from Web of Science.

Search Query Results

Web of science

Search:(((TS = (scoliosis)) OR TS = (Spine deformity)) OR TS = (AIS)) AND
((((((((TS = (orthosis*)) OR TS = (Orthotic Devices)) OR TS = (Orthosis)) OR

TS = (Orthose*)) OR TS = (Parapodium*)) OR TS = (Conservative Treatment))
OR TS = (Conservative Management)) OR TS = (Conservative Therapy))

AND ((((((((((((((TS = (Biomechanical Phenomena)) OR TS = (Biomechanics))
OR TS = (Biomechanic*)) OR TS = (Biomechanic Phenomena)) OR
TS = (Kinematics)) OR TS = (Invention*)) OR TS = (Technological

Innovations)) OR TS = (design)) OR TS = (new)) OR TS = (devise*)) OR
TS = (exploitation)) OR TS = (develop)) OR TS = (development)) OR

TS = (exploiting))

668

Note: This search strategy employed the asterisk (*) as a truncation wildcard to retrieve plurals forms and variant
endings (e.g., Orthosis* to capture Orthosis, Orthoses, Orthotic), thereby enhancing search sensitivity.

The inclusion criteria were studies that (1) focused on a novel scoliosis brace; (2) pro-
vided a clear description of the brace’s design and components; (3) reported quantitative
biomechanical outcomes; and (4) were published in English between 2014 and 2024. The
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exclusion criteria were studies that (1) focused on traditional scoliosis brace or minor modi-
fications of traditional designs; (2) focused on spinal brace for non-scoliotic conditions; and
(3) lacked essential design details or biomechanical data. Scoliosis braces were identified as
traditional or novel based on their fundamental design philosophy and date of conception.
Traditional braces were defined as clinically established, widely adopted designs validated
through decades of use—including but not limited to the Milwaukee, Boston, Chêneau,
Lyon, and SpineCor braces. Novel braces, by contrast, were developed and documented
within the past decade (2014–2024) and incorporated substantial innovations in one or more
domains: materials (use of non-traditional materials beyond conventional polyethylene
plastics or elastic straps), structure (introduction of new structural concepts), or functional-
ity (integration of novel capabilities). It is important to note that minor iterative adjustments
or customizations of conventional braces did not qualify as a novel brace.

All identified studies were collated and uploaded into EndNote for removal of dupli-
cate articles. Titles and abstracts were screened by two independent reviewers (J.X. and
R.P.). The full text of the screened studies was assessed in detail to determine the compli-
ance with the inclusion criteria by two independent reviewers (J.X. and R.P.). Exclusion of
full-text sources that did not meet the inclusion criteria was documented along with the
specific reasons. Any disagreements that arose between the two reviewers at each stage of
the screening process were resolved through discussion, or with an additional reviewer
(C.H.). This literature review was conducted and reported in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines and was
registered with PROSPERO (Registration ID: CRD420251130681).

2.2. Assessment of Methodological Quality

Studies selected for retrieval were assessed by two independent reviewers for quality
evaluation (J.X. and R.P.). The Joanna Briggs Institute (JBI) Critical Appraisal Checklist for
Cohort Studies was adopted to assess the quality of the included studies. Any disagree-
ments that arose between reviewers were resolved through discussion, or with a third
reviewer (C.H.).

2.3. Extraction and Analysis

Data were extracted using a self-developed data extraction tool. The extracted data
included brace components/materials, interface pressure, design principle, morphological
changes, and intercomparison parameters. The draft data extraction tool was modified and
revised as necessary during the process of extracting data from each included study.

3. Results
3.1. Search Results

Full details of the search results are illustrated in a PRISMA flow diagram (Figure 1).
A systematic search across the above-reported databases yielded 2503 records initially.
After removing 1484 duplicates, 1019 records were further screened for title/abstract, with
992 additional studies excluded. Full-text retrieval was then sought for the remaining
27 articles, with 3 articles inaccessible. The remaining 24 articles were assessed in full text,
resulting in 5 exclusions. Finally, a total of 19 studies were included in this literature review.
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Figure 1. Prisma flow diagram.

3.2. Methodological Quality

The methodological quality of the included studies is presented in Table 2. Twelve
articles were scored 5 points or above. Two articles were scored below 5 points, primarily
attributed to the lack of control group, absence of follow-up or insufficient follow-up
duration. Five articles were scored 0 points, because they were not clinical trials and thus
did not meet the checklist criteria.

Table 2. Methodological quality of the included studies (n = 19).

No. Author 1 2 3 4 5 6 7 8 9 10 11 Total

1 Liu et al. (2014) [49] N Y Y N N Y Y N N N N 4/11

2 Liu et al. (2015) [50] N Y Y N N Y Y N N N Y 5/11

3 Yip et al. (2016) [51] N Y Y N N Y Y Y N N Y 6/11

4 Fok et al. (2018) [52] N N Y N N Y Y Y N N Y 5/11

5 Liu et al. (2022) [53] N Y Y N N Y Y N N N Y 5/11

6 Chan et al. (2018) [54] Y Y Y Y Y Y Y N N N N 7/11

7 Ye et al. (2023) [55] N Y Y N N Y Y N N N Y 5/11

8 Wang and Zing. (2017) [21] N Y Y Y Y Y Y Y Y Y Y 10/11

9 Wong et al. (2020) [56] N Y Y N N Y Y N N N Y 5/11

10 Wong et al. (2021) [57] N Y Y N N Y Y N N N Y 5/11

11 Fok et al. (2022) [58] N N Y N N N Y N N N Y 3/11

12 Fung et al. (2020) [5] N Y Y N N Y Y N N N Y 5/11

13 Ali et al. (2021) [3] N N N N N N N N N N N 0/11

14 Nakamura et al. (2014) [59] N Y Y N N Y Y Y Y Y Y 8/11
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Table 2. Cont.

No. Author 1 2 3 4 5 6 7 8 9 10 11 Total

15 Kajiura et al. (2019) [60] N Y Y N N Y Y Y Y N Y 7/11

16 Ring and Kim. (2016) [61] N N N N N N N N N N N 0/11

17 Nijssen et al. (2017) [62] N N N N N N N N N N N 0/11

18 Park et al. (2015) [63] N N N N N N N N N N N 0/11

19 Park et al. (2018) [23] N N N N N N N N N N N 0/11
Y: Yes; N: No.

While the five articles that were scored 0 points were excluded from the subsequent
biomechanical analysis due to the lack of clinical data/outcomes, these five articles were
retained for inclusion in the novel design analysis section, as these studies provided es-
sential, detailed descriptions of the novel features and concepts under investigation. Such
information offered insights into the engineering rationale and technical specifications that
cannot be derived solely from most clinical cohort studies. Furthermore, these concep-
tual and design-focused studies contributed to the understanding of the developmental
history/trajectory of these novel technologies, facilitating a comprehensive review and
synthesis of the brace design innovations.

3.3. Characteristics of the Included Studies

The brace components, correction principles, and experimental data extracted in each
article are tabulated (Table 3), in which data from different articles of the same brace were
merged together. Two studies [61,62] did not specify the names of their newly developed
braces, which was designated as a Soft Brace (1st/2nd edition) in this review.
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Table 3. Characteristics of the included studies.

NO. Authors

Brace Design Clinical Outcomes

Brace Name/Type Brace Components Correction
Principle Subjects Study

Duration Results

1. Liu et al.
(2014) [49]

N = 7; 11.43 ± 0.98 ys;
Cobb = 10–20◦ 3 h

• Shoulder height difference: 1.27 to
0.16 cm;

• Front bending: 30 to 15 cm;
• Lateral bending: 45 to 42.5 cm (Left),

45.5 to 39.5 cm (Right)

2. Liu et al.
(2015) [50]

N = 9; 11.33 ± 1.00 ys;
Cobb = 12.33◦ ± 4.99◦

8 h/d for
3 m

• Cobb increases: 18.29◦ ± 3.82◦;
• Shoulder tilt decrease: 2.91◦ ± 1.30◦ to

2.15◦ ± 0.91◦

3. Yip et al.
(2016) [51]

N = 7; 11.14 ± 0.90 ys;
Cobb = 9.43◦ ± 6.11◦ (T);
10.57◦ ± 4.79◦ (L)

8 h/d for
6 m Rotation angle decrease: 2.78◦ to 1.16◦

4. Fok et al.
(2018) [52]

N = 10; 13.5 ± 1.4 ys;
Cobb = 19.0◦ ± 6.4◦

8 h/d for
6 m

• Cobb decrease: 16.0◦ ± 7.7◦

• Less cobb correction than that of
SpineCor brace [33]

5. Liu et al.
(2022) [53]

Posture correction
girdle (1st edition)

Resin bones;
Elastic straps;
Pads.

Elastic stretch;
Corrective
point pressure
force

N = 4; 12.25 ± 0.50 ys;
Cobb = 15.78◦ ± 2.63◦ 2 h Cobb decrease: 11◦ ± 4.55◦

6. Chan et al.
(2018) [54]

Posture correction
girdle (2nd edition)

Shape Memory
Alloy (SMA);
Elastic straps;
Semi-rigid Pads.

Elastic stretch;
Corrective
point pressure

Study Group (2nd
edition): N = 1; 14 ys;
Cobb = 34◦ (T)/24◦ (L);
Control Group (1nd
edition): N = 1; 14 ys;
Cobb = 28.9◦

2 h
• Cobb angle decrease:

Study Group: 22.7◦ (T)/23.8◦ (L);
Control Group: 21.4◦

7. Ye et al.
(2023) [55]

Posture correction
girdle (3rd edition)

Resin bones;
Elastic straps;
Smart air cushion
system

Dynamic
pressure control
via airbag;
Three-point
pressure

N = 3; 12.33 ± 0.47 ys;
Cobb = 13.60◦ ± 3.45◦ 2 h

• Shoulder tilt decreases 53.8% (average
0.89◦ to 0.17◦);

• pelvic tilt decreases 36.8% (average
1.14◦ to 0.72◦);

• shoulder–pelvic rotation decreases
56.6% (average 1.22◦ to 0.53◦)
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Table 3. Cont.

NO. Authors

Brace Design Clinical Outcomes

Brace Name/Type Brace Components Correction
Principle Subjects Study

Duration Results

8.
Wang
and Zing.
(2017) [21]

FLEXpine Soft frame;
Elastic bands.

Three-point
pressure;

Study Group: N = 10;
wear FLEXpine or
traditional brace; Cobb:
16.45◦ ± 0.98◦

Control Group: N = 8;
wear FLEXpine brace
With FLEXpine Exercise
program; Cobb:
7.65◦ ± 2.5◦

3 m
• Cobb angle decrease:

Study Group: 13.23◦ ± 3.24◦;
Control Group: 4.55◦ ± 2.32◦

9. Wong et al.
(2020) [56]

N = 1; 12 ys;
Cobb = 21◦ 2 h Cobb angle decrease: 15.4◦

10. Wong et al.
(2021) [57]

N = 1; 11 ys;
Cobb:
23.1◦ (T)/27.8◦ (L);
Study Group (Boston);
Control Group
(Anisotropic
textile brace)

2 h

• Cobb angle decrease:

Study Group: 14.6◦ (T)/25.2◦ (L); SVA
(−21.2 to −8.2)
Control Group: 14.8◦ (T)/22.6◦ (L)
SVA (−21.2◦ to −26◦)

11. Fok et al.
(2022) [58]

Anisotropic textile
brace

Elastic textile
material;
Hinged artificial
backbone; Pads.

Three-point
pressure

N = 5; 12.2 ± 0.45 ys;
Cobb: 20.7◦ ± 4.13◦ (T)
20.2◦ ± 2.13◦ (L)

2 h

• POTSI decrease: 22.1–38.6% to
14.1–43.2%;

• Cobb angle decrease: 11.9◦ ± 9.22◦ (T);
20.1◦ ± 5.39◦ (L)

• Interfacial pressure:
6.0–24.4 kPa(T)/6.1–9.7 kPa (L)
(Comparable to rigid brace [26,30])

12. Fung et al.
(2020) [5]

Textile-based
scoliosis brace

Pads;
Rigid straps;
BOA lancing
system;
Resin Bones.

Three-point
pressure

N = 1; 21 ys; Cobb:
11.1◦ (T)/24.8◦ (L) 2 h • Interface pressure: 17.62–20.98 kPa

(comparable to rigid brace [27,31,64])
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Table 3. Cont.

NO. Authors

Brace Design Clinical Outcomes

Brace Name/Type Brace Components Correction
Principle Subjects Study

Duration Results

13. Ali et al.
(2021) [3]

Soft Active
Dynamic Brace

Twisted String
Actuation (TSA);
Corrective band.

Three-point
pressure
correction;
Trunk rotation
with lateral
flexion

No subject Not
applicable Not Applicable

14.
Nakamura
et al.
(2014) [59]

Dynamic Spinal
Brace (DSB) (1st
edition)

Rigid shell;
Polycarbonate
strut;
Corrective band.

Posture control
Three-point
pressure

N = 52; 10 ys;
Cobb: 41.9◦ ± 16.91◦

SPO: 9.4◦ ± 7.01◦
20.8 m
(6.8–35.7 m)

• Cobb angle decrease: 36.7◦ ± 16.21◦

(1 h); 49.4◦ ± 25.4◦ (long term)
• SPO decrease: 7.4◦ ± 5.71◦ (1 h);

10.6◦ ± 9.01◦ (long term)

15. Kajiura et al.
(2019) [60]

Dynamic Spinal
Brace (DSB) (2nd
edition)

Elastic ring-shaped
support

Posture control
Three-point
pressure

N = 219; 13.4 ys;
Cobb ≥ 20◦ 6 y (3–9 y)

• Cobb angle decrease: 34.3% (1 h); 19.3%
(long term)

• Comparable cobb correction to
TLSO [65]

16.
Ring and
kim
(2016) [61]

Soft brace (1st
edition) Corrective rings

Spine
displacement
control

No subject Not
applicable Not applicable

17. Nijssen et al.
(2017) [62]

Soft brace (2nd
edition)

Shell mechanisms;
Force generators.

Two-fold
force-controlled
correction
method

No subject Not
applicable Not applicable

18. Park et al.
(2015) [63] No subject Not

applicable Not applicable

19. Park et al.
(2018) [23]

Robotic Spine
Exoskeleton (RoSE)

Corrective rings;
Stewart platforms;
UPS configuration;
Force and position
sensor.

Displacement
control;
3D dynamic
adjustable
correction

No subject Not
applicable Not applicable

T—thoracic curve, L—lumbar curve, POTSI—posterior trunk asymmetry index, m—month, N—number, ys—years, SVA—sagittal vertical axis, SPO—spinal pelvic obliquity, UPS—
universal prismatic and spherical joint. Notes: In this table, different colors represent distinct brace designs. Variations in shade within a single color represent different clinical
evaluations or design stages of the same brace design.
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3.4. Novel Designs Features

The novel braces identified from 19 included studies could be categorized as flexible
garment-style braces [5,49–58], angular braces [23,61–63], and modular braces [3,21,59,60]
according to the structural design. The innovative features of novel braces are presented in
Figure 2

Figure 2. Novel design features of scoliosis braces.

Flexible garment-style braces included six braces named Posture Correction Girdle
(1st–3rd editions), Anisotropic Textile Brace, Textile-based Scoliosis Brace, and Soft Active
Dynamic Brace. Braces with flexibility emphasized flexible characteristics in materials or
structures, aiming to reduce movement restrictions and improve comfort. These designs
featured full-coverage vests enveloping patients’ shoulders, torso, and hips with flexible
components. Angular braces included three braces named Soft Brace (1st–2nd edition) and
RoSE Brace. These devices shared a common structure—three parallel rings positioned
at the thoracic, lumbar, and pelvic regions, respectively—to provide spinal support and
correction forces. Some angular braces incorporated robotic components of perceivable or
controllable functional units, including but not limited to active or semi-active mechanical
adjustment, sensing, monitoring, or automatic regulation devices, in the brace design.

Modular braces included two braces named FLEXpine and DSB (2nd edition). These
braces covered the specific trunk segments with adjustable components to apply force.
Such individualized designs can adapt according to changes in the body shape, curvature,
or growth dynamics through modular, segment-replaceable, or adjustable elements.

For brace components, paddings were applied in four braces (i.e., Posture Cor-
rection Girdle [1st–2nd editions], Anisotropic Textile Brace, and Textile-based Scoliosis
Brace) [5,49–54,56–58]. Some smart control systems, such as the smart airbag system,
twisted string actuation (TSA), and actuated UPS (Universal joint, actuated Prismatic chain,
Spherical joint) limb and sensor, were implemented in three braces (i.e., Posture Correction
Girdle [3rd edition], Soft Active Dynamic Brace, and RoSE) [3,23,55,63]. Novel materials
of shape memory alloy and SMA were applied in the Posture Correction Girdle (2nd
edition) [50].

3.5. Analysis of Correction Principles

Nine studies mentioned the three-point pressure principle in their brace
designs [3,5,21,55–60], whereas four studies introduced the displacement control as a
methodological approach for achieving the three-dimensional spinal correction [23,61–63].
In addition to coronal correction, the Soft Active Dynamic Brace claimed an anti-rotational
mechanism in the brace design [3], and the Posture Correction Girdle (3rd edition) reported
an anti-rotational efficacy (shoulder–pelvic rotation decreased 56.6%) in their study [55].
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3.6. Interface Pressure Measurement

Two studies quantified the interface pressure for novel braces [5,58]. Anisotropic
Textile Brace demonstrated higher pressure range in thoracic region (6.0–24.4 kPa) than that
of the lumbar region (6.1–9.7 kPa) [58]. Textile-based Scoliosis Brace exhibited a narrower
pressure range of 17.62–20.98 kPa [5] in comparison with that of Charleston night-time
braces (8.93–18.53 kPa) [31]. The overall pressure range of both thoracic and lumbar region
reached 6.0–24.4 kPa.

3.7. Outcomes of Morphological Evaluation

Fourteen studies reported morphological changes of the spine and trunk upon or
after wearing the brace, among which ten studies [21,50,52–54,56–60] reported the Cobb
angle change, with a short-term correction averaging 25.4% (12.41–34.3%) in six studies
and a long-term correction averaging 18.22% (15.79–19.3%) in three studies. Data from
Liu et al. [50] (reporting an increase in Cobb angle after wearing brace) was excluded
from the pooled analysis, due to the inconsistent tools adopted for curvature assessment
before and after using the brace (radiograph versus motion capture assessment) in the
study. The intercomparison among different braces showed that the Posture Correction
Girdle (1st edition) demonstrated marginally inferior Cobb angle correction as compared
to the SpineCor brace (16% vs. 21.3%) [33,52], and the Dynamic Spinal Brace (2nd edition)
exhibited a comparable efficacy to TLSO in Cobb angle improvement (immediate: 34.3% vs.
38.1%; final: 19.3% vs. 22.65%) [60,65].

Beyond Cobb angle correction, the trunk asymmetry parameters were reported in
six studies, including the reduced shoulder height difference from 1.27 to 0.16 cm [49],
reduced shoulder tilt from 2.91◦ to 2.15◦ [50] and from 0.89◦ to 0.17◦ [55] in two sides,
reduced pelvic tilt angle from 1.14◦ to 0.72◦ [55], changed sagittal vertical axis (SVA)
angle from −21.2◦ to −26◦ [57], changed posterior trunk asymmetry index (POTSI) from
22.1 to 38.6% to 14.1–43.2% [58], and increased spinal pelvic obliquity (SPO) from 9.4◦ to
10.6◦ [51,55,59]. Additionally, the rotation correction was reported in two studies, including
reduced shoulder–pelvic rotation from 1.22◦ to 0.53◦ [55] and reduced rotation angle in
horizontal plane from 2.78◦ to 1.16◦ [51].

The duration of brace intervention varied considerably across different studies, rang-
ing from 2 h [5,53–58] and 3 h [49] to 3 months [21,50] and 6 months [51,52,59,60]. The
relevant assessments were primarily short-term, with eight studies evaluating the effects
within 24 h and two studies conducting evaluations exceeding 1 year.

The participant recruitment also differed: three studies enrolled larger cohorts
(with 18 [21], 52 [59], and 219 [60] participants), while the remaining twelve studies
included smaller groups (5 ± 3 participants). Control groups were recruited in three
studies [21,54,57].

4. Discussion
The potential application of novel scoliosis braces requires a systematic synthesis of

current evidence concerning their biomechanical performance and therapeutic efficacy.
This review aims to characterize emerging design innovations and evaluate the biomechan-
ical evidence base. The synthesized findings demonstrates that the majority of recently
developed brace designs achieve biomechanical performance comparable to conventional
braces, particularly in managing interface pressure distributions and reducing Cobb an-
gle magnitude.
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4.1. Novel Designs

There are generally three different novel brace designs, including the flexible garment-
based braces, angular braces, and modular braces. Each design has its pros and conc
that need to be considered when selecting the appropriate prescription for patients with
scoliosis. Further optimization is also needed for each of these novel brace designs. More
details can be found below.

By integrating the elastic correction components within the fabric structure to deliver
corrective forces, the flexible garment-based braces offered advantages in improving com-
fort, esthetics, and concealability [66]. This led to improved patient compliance, which was
a critical factor in achieving sustained biomechanical efficacy [67,68]. Some flexible braces
incorporated specialized material compositions and functional elements, to ensure consis-
tent correction. For instance, the use of SMA has replaced the conventional resin-based
support structures, to enhance durability and elasticity. Some more advanced functional
modules, such as the Smart Air Cushion System, BOA Lacing Boot System and TSA, were
employed to improve the adjustability and enable intelligent control of correction. How-
ever, the inherent flexibility of these braces may provide less restriction as compared to
rigid braces [5,49–58]. Consequently, the successful correction relied partly on the patient’s
active participation and conscious effort towards maintaining a proper posture [32].

Angular braces adopted an innovative design paradigm by utilizing three parallel
rings (thoracic, lumbar, pelvic) to deliver targeted, adjustable three-dimensional forces [69].
The robotic Spine Exoskeleton (RoSE) integrated an actuated UPS limb as a programmable
force generator, complemented by force and position sensors. The sensor array enabled
real-time closed-loop monitoring and adjustment of both correction force vectors and pa-
tient trunk displacement within the brace. The independent control of each correction ring
demonstrated enhanced capacity to address complex three-dimensional spinal deformities.
However, the substantial weight and bulk might compromise patient compliance as com-
pared to the conventional braces [70]. This dichotomy underscored the need for continued
innovation to balance precise biomechanical control with the acceptable ergonomic practi-
cality in spinal correction technologies. In contrast, the Soft Brace (2nd edition) utilized a
corrugated geometric configuration to achieve multi-directional compliance. Concurrently,
its force generators maintained a constant correction force (40–77.5 N) within a prede-
fined displacement range based on the zero-stiffness principle [62]. This design optimized
correction efficiency through force–displacement coupling.

Modular braces usually combined individual segments with elastic materials in the
brace structure, ensuring effective correction of spinal deformities while minimizing the
coverage of patient’s torso. The Soft Active Dynamic Brace exemplified this principle
through four adjustable elastic bands controlled by lightweight twisted string actuators
(TSAs), allowing for precise force modulation [3]. The DSB (2nd edition) adopted seg-
mented architecture to accommodate diverse body shapes and discrete contact points.
While this design exhibited insufficient pelvic support compared to the rigid brace incor-
porating rigid pelvic bases, further improvement was required on reinforcing the pelvic
structure to enhance stability. The FLEXpine brace utilized a modular structure comprising
curved, interlocking segments contoured to the torso. This configuration allowed local-
ized adjustments and adaptation to spinal curvature changes over time. Nevertheless, its
reliance on elastic components probably compromised the sustained pressure delivery.
Integration of more rigid elements could be prioritized to improve pressure maintenance
without sacrificing adaptability in future developments [21].

To sum up, the flexible brace systems prioritized comfort and compliance, angular
designs maximized correction precision, and modular architectures leveraged the manu-
facturing advancements to balance adaptability and longevity. Future work could explore
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synergies between these different approaches, such as integrating sensor-driven feedback
into modular frameworks or enhancing angular systems with flexible interfaces, to optimize
the treatment outcomes in patients with scoliosis.

4.2. Correction Principles

Two fundamental correction mechanisms, including the force-controlled approach and
displacement-controlled approach, were mentioned in the novel scoliosis braces. The force-
controlled approach extended the traditional three-point force system (i.e., a primary convex
force with two counterforces) in the coronal plane, by incorporating multi-planar force vec-
tors, as seen in the Soft Active Dynamic Brace and the Posture Correction Girdle [3,49]. In
contrast, the ring-shaped braces employed a displacement-controlled correction approach,
where three corrective rings were positioned at different anatomical levels (corresponding
to the three force application points in traditional three-point systems) to deliver correction
force through electrodynamic actuators [63]. While optimal three-dimensional biomechani-
cal correction was achievable from a mechanical perspective, the more complex interactions
with the human torso’s musculoskeletal system rendered its practical application signif-
icantly [71]. Further efforts shall be made to improve the appearance, ergonomics, and
application potential of such robotic designs, as well as the patient’s compliance while
maintaining the biomechanical correction.

4.3. Interface Pressure

The interface pressure between the brace and the trunk served as a critical parameter
for evaluating the biomechanical effects of spinal braces. The overall interface pressure
range of novel braces (6.0–24.4 kPa) has been on par with that of traditional rigid braces
(4.80–30.00 kPa) [25–31]. Specifically, the Anisotropic Textile Brace demonstrated a pressure
range that closely aligned with traditional rigid braces [26,30], supporting the textile-based
flexible designs as viable alternatives in interface pressure management in the future. Lower
interface pressure was observed in the lumbar region than that of thoracic region, which
likely stemmed from the anatomical and material factors. This is because the pliable soft
tissues of the lumbar region, combined with the reduced correction capacity of flexible brace
components in this area, may limit the force transmission efficiency [50,55,66]. Similarly,
a Textile-based Scoliosis Brace demonstrated a narrower and higher range of interface
pressure as compared to that of the Charleston night-time braces [27,31,64], indicating
improved interface pressure consistency. This may have resulted from the replacement of
elastic textile materials or the design of resin bones/hinged backbone, enabling targeted
force application while reducing variability.

Notably, higher interface pressure did not necessarily translate to better correction
outcomes. The correlation between interface pressure and Cobb angle reduction becomes
non-linear beyond some specific force thresholds, suggesting diminished returns on spinal
correction with uncontrolled pressure escalation [55,68]. Therefore, the focus in future
clinical practice should be on achieving the optimal curve correction while maximizing the
interface pressure within an appropriate range.

4.4. Morphological Evaluation

This review demonstrated that novel spinal braces achieved overall comparable Cobb
angle correction to the traditional braces. The pooled short-term correction of 25.4% and
long-term correction of 18.22% aligned with the expected range of brace management and
broadly matched the reported traditional brace efficacy in short-term treatments (12.36% to
31.33%) [32–35]. However, the long-term correction efficacy is lower than in the traditional
braces (23.02–33.6%) [34–37]. The inter-study comparisons also supported this finding.
Specifically, two included studies reported that the Posture Correction Girdle was slightly
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less effective than SpineCor, and the DSB (2nd edition) performed equivalently to TLSO in
both immediate and final correction [60,65]. The observed decrease in correction magnitude
from short-term to long-term, alongside the reports of diminishing garment-style brace effi-
cacy over time [5,60], suggests a potential challenge for achieving sustained effectiveness.
This attenuation might be attributable to the fabric degradation in Soft Braces, compromis-
ing the elasticity, structural support, and correction forces that are necessary for long-term
maintenance of correction. Meanwhile, the effectiveness of angular braces in correcting
Cobb angles lacked clinical evidence, primarily due to the fabrication complexities and
the relatively new emergence, making the long-term assessment challenging. Establishing
these braces’ value required further study of underlying mechanisms, conducting iterative
clinical trials, and tracking the Cobb angle changes to assess the short-term and long-term
effectiveness.

The three-dimensional trunk asymmetric parameters showed a generally positive
trend in improving the appearance of patients with scoliosis upon wearing the developed
braces with novel designs. The reductions that occurred in shoulder height and tilt and
pelvic tilt indicated improved coronal trunk alignment and symmetry [49,55]. The rotational
deformities, including shoulder–pelvic rotation [55] and horizontal plane rotation [51], also
showed substantial correction upon wearing the brace. The changes in SVA suggested
a beneficial shift in sagittal alignment [57], though the response in POTSI varied across
different individuals [58]. Overall, these results indicated the brace’s efficacy in reducing
the shoulder imbalance, pelvic tilt, and rotational deformities of patients with scoliosis.

Although the reviewed braces with novel designs generally demonstrated biome-
chanical efficacy comparable to traditional braces, it shall be noted that limited previous
studies have evaluated the cost-effectiveness of these novel braces. The braces incorpo-
rating advanced components (e.g., sensors, actuators) tended to have higher costs, which
may not be an affordable option and may lead to limited access for patients, especially in
resource-constrained settings. Future research should extend beyond the existing biome-
chanical validation to evaluate the cost-effectiveness of novel scoliosis braces, generating
evidence for future clinical decision-making. For clinicians, this underscores the necessity
of balancing treatment efficacy with affordability when making a clinical prescription,
particularly in low- and middle-income countries. It shall be noted that when the treatment
outcomes are similar, cost-efficient options should be prioritized over more expensive ones.

4.5. Limitations

This literature review has some limitations. Firstly, some included studies focused
more on the design concept with less quantitative biomechanical evaluation of the scoliosis
braces, making the synthesis of relevant clinical evidence unavailable in this review. Future
studies need to move beyond the conceptual brace descriptions to conducting instrumented
evaluations on patients, such as the radiographic analysis, pressure mapping, and 3D
motion capture, to quantify the biomechanical effects. Secondly, the inhomogeneous data
for evaluating the biomechanical effects of scoliosis brace in the included studies rendered
it challenging to conduct a systematic comparison. It is critical to adopt standardized
biomechanical parameters in future studies, to enable cross-study comparisons in future
literature reviews/meta-analyses. Thirdly, while this review has adopted a systematic
searching strategy to identify the qualified studies, papers not published in English were
not included in this review. This may exclude some studies with the same focus.

5. Conclusions
This study demonstrates that most newly designed scoliosis braces could achieve

comparable biomechanical efficacy to the conventional designs, particularly in interface
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pressure management and Cobb angle correction. However, future clinical adoption of these
novel braces requires further improvements of ergonomic design and three-dimensional
correction, as well as more investigation and rigorous evidence on the long-term treatment
outcomes and cost-effectiveness.
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