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Abstract 

Background: Bracing and exercise methods were used in scoliosis rehabilitation and proven effective. There was lit-
tle evidence about the efficacy of insoles on scoliosis.

Objective: This study aimed to investigate the effects of 3D personalized insoles on curve magnitude, postural stabil-
ity, and quality of life (QOL) in moderate adolescent idiopathic scoliosis (AIS) patients.

Methods: Thirty-six volunteers with adolescent idiopathic scoliosis, who had moderate curves (20°-45°), were ran-
domly divided into the experimental and control groups. The control group received traditional rehabilitation with 
bracing and exercises, and the experimental group received the insole interventions in addition to traditional reha-
bilitation. The outcome measures were Cobb angle, angle of trunk rotation (ATR), postural stability, and quality of life 
(Scoliosis Research Society-22 questionnaire). Measurements were conducted at baseline examination, two months 
and six months.

Results: After two and six months of treatment, the Cobb angle and ATR in both groups were significantly decreased 
as compared with the baseline (p < 0.05), but no significant group difference in Cobb angle and ATR was found in the 
study (p > 0.05). There was a significant difference in the sagittal balance index at six months compared to the control 
group (p < 0.05), and a significant difference in the coronal balance index was observed at six months compared to 
baseline in the experimental group (p < 0.05). Quality of life did not change in either group (p > 0.05).

Conclusion: Combining bracing with exercise in patients with moderate AIS is effective. 3D personalized insoles can-
not reduce the Cobb angle and angle of trunk rotation of patients with moderate AIS but might have the potential to 
improve postural stability.
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Introduction
Adolescent idiopathic scoliosis (AIS) is a spinal curva-
ture with a Cobb angle greater than 10 degrees with an 
average onset age of 10 to 18 years old, affecting up to 
4% of adolescents worldwide [1–4]. Individuals with sco-
liosis are often accompanied by trunk deformity, spinal 
rigidity, postural changes, unsteadiness, and gait varia-
tions, which can cause pain and reduce quality of life if 

Open Access

†Bin Wang, Yue Sun and Xiaoqi Guo contributed equally to this work.

*Correspondence:  zm1455@163.com; zhufeilong1559@163.com

1 The Affiliated Xuzhou Rehabilitation Hospital of Xuzhou Medical University, 
Xuzhou Rehabilitation Hospital, Xuzhou, China
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12891-022-05952-z&domain=pdf


Page 2 of 11Wang et al. BMC Musculoskeletal Disorders          (2022) 23:983 

untreated, especially in patients with greater curvature 
[5–7].

Current treatment modalities for AIS include physi-
cal therapy, exercises, bracing, and surgery according 
to the patient’s Cobb angle [1, 4, 8, 9]. For scoliosis with 
a Cobb angle of less than 10°, close follow-up and pos-
tural education should be provided. In patients where the 
curve progresses to 10°-20°, scoliosis-specific exercises 
have been recommended as the first line of treatment for 
small curves [4, 10]. Surgery is recommended for adoles-
cents with a curve that have a Cobb angle greater than 
45° or a slightly smaller curvature aggravated by more 
than 6° per year after brace  interventions1. For moder-
ate curves (Cobb angle 20°-45°), the conservative treat-
ment is combined spinal braces and exercise approaches. 
The effectiveness of bracing combined with exercise in 
the management of AIS was reported by a prospective 
randomized controlled study, which demonstrated that 
the spinal orthosis combined with exercise significantly 
decreased the Cobb angle [11]. Bracing in AIS can pre-
vent curve progression, which is based on the principle of 
external forces guiding the growth of the spine and show 
the effectiveness of bracing in juveniles [1, 12]. The mech-
anism of the spinal brace reducing the curve magnitude 
is to change the patient’s posture by keeping the trunk in 
a fixed (corrected) position. In contrast, exercises aim to 
create behavioral and automatic changes of movement 
and posture through the use of different motor control 
strategies [13, 14].

Although combined bracing and exercises is effective 
in reducing progression and preventing surgery in AIS 
patients, what cannot be ignored is that AIS patients are 
often accompanied by obliquity of the pelvis and imbal-
ance in lower extremity biomechanics, such as flat foot 
and leg inequality [15, 16]. Currently, orthopedic spinal 
braces are mainly divided into cervico-thoraco-lumbo-
sacral-orthosis (CTLSO) and thoraco-lumbo-sacral-
orthosis (TLSO) [17], and the effectiveness has been 
objectively proven through imaging assessment and finite 
element analysis (FEA) for the biomechanics evaluation 
[12, 18]. But such orthoses mainly lie in changing spi-
nal curvature rather than foot abnormality correction. 
Insoles play a positive role in improving biomechanics 
and compensation, regulating abnormal posture, dis-
persing plantar pressure and adjusting gait, etc. [19]. 
Additionally, insoles have the advantages of simplicity, 
convenient wearing, non-invasiveness, and good patient 
compliance [20]. Some studies reported that insoles were 
helpful to foot disorders [21], improving neurological dis-
abilities and inducing spinal postural changes [22]. Noll 
assumed that proprioceptive insoles could affect posture 
and gait function by regulating the sensory structure of 
the sole of the feet, but no evidence of any statistically 

significant effect of proprioceptive insoles on spinal cur-
vature in patients with slight idiopathic scoliosis was 
observed [23]. The probable reason may be that pro-
prioceptive insoles were used in this study, and absence 
of sufficient mechanical compensations and corrections 
[23]. Besides, slight scoliosis may not have significant 
abnormal biomechanical manifestations. We still have 
reasons to believe that correcting abnormal biomechan-
ics of the feet, such as supporting the arch, control-
ling inversion and eversion of the heel, and distributing 
local plantar pressure, may contribute to improving AIS. 
Although the effects of foot orthotics on biomechanics of 
the knee, ankle and toe were well described, we still know 
little about the effects on spinal curvature [24–26], and it 
is worthy of continuing to be explored.

Hence, this randomized controlled study was con-
ducted to determine the effectiveness of insoles in the 
treatment of moderate AIS, and we hypothesized that 
adding 3D personalized insoles intervention to the tra-
ditional treatment (bracing and exercise) was better than 
the traditional treatment alone in patients with moderate 
AIS.

Methods
This study was a single-center, single-blinded rand-
omized controlled trial and was performed in line with 
the principles of the Declaration of Helsinki. This study 
protocol was registered in the World Health Organiza-
tion International Clinical Trials Registry Platform of 
the China Clinical Trial Register under registration No. 
ChiCTR2000035205 (03/08/2020). Results of the rand-
omized controlled trial were reported in accordance with 
CONSORT 2010 guidelines [27]. The ethics committee of 
the Affiliated Xuzhou Rehabilitation Hospital of Xuzhou 
Medical University reviewed and approved the study pro-
tocol (Ethics number: XKYL2019014). All participants 
and their legal guardians provided written informed 
assent and consent prior to participation.

Participants
Inclusion and exclusion criteria
Patients diagnosed with AIS were enrolled at the Affili-
ated Xuzhou Rehabilitation Hospital of Xuzhou Medical 
University (Jiangsu, China) between August 2020 and 
October 2021. An experienced orthopedist identified 
them. The inclusion criteria were: (1) age range 10 to 
18 years regardless of gender; (2) presence of moderate 
scoliosis (20°≤Cobb angle ≤ 45°) detected by X-rays; (3) 
with relevant growth potential and Risser sign ≤ grade 3; 
(4) right limb dominance; (5) no prior scoliosis-related 
treatments; (6) be willing to take X-rays following the 
orthopedist’s recommendations; (7) no other congeni-
tal or known musculoskeletal, neuromuscular, nervous 
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system, endocrine, psychiatric, infectious, traumatic 
disease; (8) no disorder or surgery history of the spine, 
lower limbs, and the feet; (9) be able to walk normally 
without assistance. The exclusion criteria were as follows: 
(1) non-idiopathic scoliosis; (2) with different abnormali-
ties affecting normal locomotion; (3) previously treated 
patients for scoliosis; (4) failure to follow study instruc-
tions; (5) having contraindications to exercises.

Sample size estimation
We used the primary outcome of the Cobb angle to 
determine the sample size according to the previ-
ous research [14, 23]. The sample size was determined 
using the software PASS (version 15.0.1) with the input: 
repeated measure analysis of variance (ANOVA) within 
and between interactions, the statistical power of 0.8, a 
medium effect size of 0.3, a significance level of 0.05 and 
dropout rate of 10%. Consequently, the estimated sample 
size was 14 subjects per group.

Blinding and allocation
We assessed 78 volunteers for eligibility. After screen-
ing for inclusion and exclusion criteria, 36 volunteers 
were entered into the trial. After a simple randomization 
procedure (computerized random numbers), thirty-six 
participants were randomly assigned to the experimen-
tal or control group (ratio 1:1) following a simple rand-
omization procedure (computerized random numbers). 
The randomization sequence was created by an investi-
gator with no clinical involvement in this study using a 
computerized program (IBM SPSS version 25 software). 
The allocation sequence was concealed using sequen-
tially numbered sealed opaque envelopes. In addition, the 
outcome assessor was blinded to the group assignment. 
Owing to the nature of the interventions, it was not pos-
sible to blind patients to the treatment allocation.

Interventions
We were trying to avoid the progression of scoliosis due 
to inappropriate interventions and treatments in these 
participants associated with this trial. We followed the 
general treatment guidelines of AIS [28] and sugges-
tions from the Ethics Committee, and participants in 
the experimental group and control group all received 
the traditional treatments with brace and exercises. The 
insole intervention was specifically added to the experi-
ment group. These interventions were individually devel-
oped for participants to ensure the best possible clinical 
effectiveness.

Interventions‑control group
The control group received the standard of care, includ-
ing bracing and exercises. Spinal bracing is one of the 

most essential traditional treatment options in patients 
with moderate AIS (Cobb angle 20°-45°) [29]. A profes-
sional orthopedic technician made the brace by apply-
ing the augmentation-release system of three-point 
corrective force and two-point anti-rotational force cou-
pling. The thoraco-lumbo-sacral spinal brace was used 
in this study (Fig.  1), which was designed based on the 
individually-oriented, rigid, active, custom-made, and 
three-dimensional concept [30–32]. The participants 
were instructed to wear the brace for 22–23 h daily, and 
removal of the brace was allowed during bathing and 
exercises.

The specific exercise program was as follows. Physi-
otherapists specializing in scoliosis performed traditional 
stretching and stabilization exercises first and adjusted 
them accordingly at follow-up. The guardians of these 
participants were taught how to perform these exercises 
at home properly. Traditional exercise programs for 
scoliosis included breathing exercises, posture training, 
spinal flexibility exercises, stretching exercises for the 
concave side of the curve, and strengthening exercises 
for the convex side [30, 33]. These specific exercises for 
scoliosis were performed at least three times a week for 
half an hour each time. The scoliosis-specific exercises 
required close supervision and repeated clinical visits 

Fig. 1 The thoraco-lumbo-sacral spinal brace
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from professionals, and lengthy sessions. Therefore, we 
required guardians to upload photos or videos during 
exercises regularly to improve patient compliance with 
the exercise and the efficacy of treatment.

Interventions‑experimental group
In the experimental group, participants received insoles 
intervention in addition to standard treatments with 
brace and exercises as in the control group. The partici-
pants were invited to the Foot and Ankle Biomechanics 
Laboratory of the Affiliated Xuzhou Rehabilitation Hos-
pital of Xuzhou Medical University (Jiangsu, China). The 
insole used in this study was a computer-aided design of 
3D engraved insole, which was a completely personal-
ized and customized insole. Insoles were made of Ethyl-
ene Vinyl Acetate Copolymer (EVA) material. Procedures 
were briefly described as follows: (1) Assessment of lower 
extremity biomechanics: A professional orthopedic tech-
nician assessed the participant’s neutral and resting heel 
position in the static standing position, tibial torsion 
angle, bilateral hip internal and external rotation mobil-
ity, and the difference in lower limbs length according to 
the Najjarine assessment system developed by Professor 

Abbie Najjarine. (2) Static and dynamic plantar pres-
sure distribution measurement (Fig.  2a): The GaitScan 
pedal pressure system (The Orthotic Group, Markham, 
Ontario, Canada) was used to obtain some data such as 
the gait characteristic, plantar pressure distribution, bal-
ance, and direction of movement during standing and 
walking. (3) 3D foot scanner measurement (Fig. 2b): The 
LSR Laser Foot Scanner system (Vismach Technology 
Ltd) was used to extract foot feature parameters based 
on plantar, dorsal, medial, lateral, toe, and heel views of 
the foot. The foot parameters used in the study were foot 
length, foot width, heel width, arch length, 1–5 metatar-
sal width, and arch index (AI). (4) Computer-aided design 
(CAD) (Fig. 2c): The design of 3D insoles was based on 
the results of the biomechanical assessment of the lower 
limbs and machine scanning. We increased the stress 
points or cut off the load-free parts of the insole, includ-
ing personalized increased arch support, adding wedge 
blocks with different heights to the heel for adjusting 
the heel in a neutral position, controlling the degree of 
forefoot inversion and eversion, and bilateral lower limb 
length compensation, etc. (5) Engraving (Fig.  2d): We 
imported the designed insole program into the computer 

Fig. 2 The process of 3D personalized insoles production. a Plantar pressure distribution measurement; b 3D foot scanner measurement; 
c Computer-aided design (CAD); d Insoles engraving; e The rough insoles was polished; f 3D personalized insoles
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engraving program for conversion and set the engrav-
ing method and precision, and connected the engraving 
machine for model engraving. (6) Polishing (Fig. 2e): The 
rough insoles needed to be polished after engraving. (7) 
Trying on and delivery: Participants put on the insoles 
and were observed whether the biomechanical abnor-
malities of the lower limbs in the standing position and 
during walking were improved. Insoles were used daily 
for a minimum of eight hours per day. The insoles are 
shown in Fig. 2f.

Outcomes and follow‑up
Demographic information of the participants, including 
age, gender, height, body mass, Risser sign, and curve 
pattern, were collected by the same assessor. The skel-
etal immaturity based on the Risser stages and curva-
ture pattern classified by the King classification system 
were recorded for each participant at the first visit. The 
study’s outcome measures, including the Cobb angle, 
angle of trunk rotation (ATR), coronal balance index, 
sagittal balance index, and SRS-22 questionnaire, were 
followed up at two and six months of intervention. The 
two-month follow-up period was chosen because these 
patients needed to be re-evaluated for appropriate brace 
and exercise adjustments at two months. The six-month 
follow-up was selected as the insole may have a distor-
tion during long-term use due to weight-bearing, which 
may affect the treatment effect.

Primary outcomes

Cobb angle Since the first description by John Cobb in 
1948, the Cobb angle measurement has been the gold 
standard method to diagnose and evaluate spinal curva-
ture magnitude [34]. In this study, we still used the Cobb 
angle method as the primary outcome for monitoring 
scoliosis progression and assessing the curve magnitude. 
The Cobb angle was measured from anterior-posterior 
longitudinal X-ray films, and the curve with the larg-
est Cobb angle was selected as the primary curve in the 
patients.

Secondary outcomes

Angle of trunk rotation (ATR) The angle of trunk rota-
tion was measured by using a Scoliometer in Adam’s for-
ward bend test, which has been shown to have good con-
sistency, inter-rater, and test-retest reliability [35].

Coronal balance index and sagittal balance index In 
this study, balance and postural stability in patients with 
AIS were assessed using a plantar pressure distribution 

method (Fig.  3). The plantar pressure distribution 
was measured by the GaitScan (The Orthotic Group, 
Markham, Ontario, Canada) pedal pressure system dur-
ing level barefoot standing. The GaitScan pedal pressure 
system consists of a 578*418*12 mm floor mat incorpo-
rating 4096 sensors on a single mat, and the system sam-
ples at a rate of 125 Hz. During testing, all measurements 
were performed barefoot in a relaxed standing posi-
tion with the eyes looking straight forward. The partici-
pants were instructed to stand on the pressure plate and 
remain stable. The percentage of impulse under the left 
and right foot, forefoot, and hindfoot was collected. The 
coronal balance index was defined as the ratio of the side 
(left-right) with more weight to the opposite side, and 
the sagittal balance index was defined as the ratio of the 
side (front-back) with more weight to the opposite side. 
Ideally, 50% of the pressure is distributed in the left and 
right, front and back, which means that the values of cor-
onal and sagittal balance index are close to 1.

SRS‑22 questionnaire The Scoliosis Research Soci-
ety-22 (SRS-22) questionnaire was widely used to assess 

Fig. 3 Balance and postural stability were assessed using a plantar 
pressure distribution method
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the quality of life in patients who had idiopathic scoliosis. 
The SRS-22 questionnaire contained 22 questions cov-
ering five domains: pain, self-image, function, mental 
health (five questions each), and management satisfac-
tion (two questions), which has shown good validity and 
test-retest reliability [36]. Each item was scored from 1 
(worst) to 5 (best), and the average of the five domains 
was used to calculate a total score.

Statistical analysis
Data analysis was carried out using the Statistical Pack-
age for the Social Sciences (SPSS, Chicago, IL, USA) ver-
sion 25.0, and the significance level was set at p < 0.05. 
The Shapiro-Wilk test was used to evaluate the normal-
ity of distribution, and Levene’s test was used to test the 
equality of variance. Descriptive data were presented as 
the mean ± SD for normally distributed data. The inde-
pendent sample t-test between means and chi-square test 
for frequencies were used to assess differences between 

groups at baseline characteristics of participants. The 
treatment effectiveness with regard to this study’s three 
continuous variables (i.e., Cobb angle, ATR, SRS-22) was 
assessed using 2 × 3 (treatment group×time) repeated 
measures analysis of variance (ANOVA) tests.

Results
The flow of participants through the trial is depicted 
in Fig.  4. Of the 36 randomly assigned participants, 16 
cases in the experimental group and 15 cases in the con-
trol group were ultimately conducted for the analysis. 
Baseline clinical and demographic characteristics of the 
patients are shown in Table  1, and there was no differ-
ence between the groups in terms of general baseline 
characteristics (p > 0.05).

Cobb angle
After two and six months of treatment, the Cobb angle 
in both groups significantly decreased compared with the 
baseline (p < 0.05). No significant group difference was 

Fig. 4 The flow of participants through the trial
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found regarding the Cobb angle from baseline to the 2- 
and 6-month follow-up. No group-by-time interaction 
effects were observed. The results are shown in Table 2.

Angle of trunk rotation (ATR)
The ATR in both groups significantly decreased at two 
months and six months (p < 0.05) (Table  2). Intergroup 
comparison revealed no significant difference between 
the groups in the angle of trunk rotation at the two- and 
six-month follow-up. There were no significant group-
by-time interactions for the ATR.

Coronal balance index and sagittal balance index
At baseline, the values of coronal balance and sagittal bal-
ance index deviated from 1 for both groups, implying that 
AIS patients might have postural instability and center of 
gravity deviation. After the intervention, the value of sag-
ittal balance index significantly decreased at six months 
compared to the control group (p < 0.05). This differ-
ence was not observed at two months. The significant 
difference in coronal balance index was observed at six 
months compared to baseline in the experimental group 
(p < 0.05), and no significant inter-group differences were 
found from baseline to the two- and six-month follow-
up. The results are displayed in Table 2.

SRS‑22
No difference was observed in the groups in the SRS-22 
questionnaire of its five domains (Table 2).

Discussion
At present, there are few clinical trials investigating the 
impact of insoles on AIS. This study aimed to evaluate 
the effects of insoles on the spinal curvature of patients 
with moderate AIS. The study results demonstrated that 
combined insoles with bracing and exercises had similar 
effects on Cobb angle, angle of trunk rotation, and qual-
ity of life compared to traditional bracing and exercise 
interventions during two- and six months of treatment 
in patients with moderate AIS, but improved the coronal 
balance index and sagittal balance index at six months. 
This suggested that 3D personalized insoles in our study 
cannot play a synergistic role with traditional interven-
tions in improving spinal deformity in patients with 
moderate AIS, but might have the potential of improving 
the static balance in the mid-and-long term. In the mean-
time, our study reconfirmed the effectiveness of bracing 
combined with exercises in treating AIS and strength-
ened the previous evidence.

In patients with AIS, the asymmetry of the spine due 
to scoliosis might result in an abnormal force on the 
pelvis. When the load of the upper limbs and spine was 
transferred to the lower limbs, the load on the lower 
limbs would be changed, which could lead to an asym-
metric force on the left and right sides of the trunk, pel-
vis, lower limbs, and feet [37–39]. The asymmetric load 
and force on both sides of the body would lead to skeletal 
growth disorders, aggravating scoliosis. This could cre-
ate a vicious circle that could result in the progression of 
AIS, especially when AIS occurs during a growth spurt. 
In addition, AIS patients were also associated with bio-
mechanical abnormalities of the lower extremities, such 
as flat feet, high-arched feet, and leg length discrep-
ancy. Therefore, we cannot only consider a single aspect 
of the spine in formulating a protocol for the treatment 
of AIS, but also consider the abnormal biomechanics of 
the pelvis, lower limb, and foot, etc., breaking the origi-
nal abnormal pattern of the musculoskeletal system in 
patients with scoliosis and preventing further deteriora-
tion [40]. Therefore, this study aimed to stop this vicious 
cycle by adjusting the asymmetrical force on both sides 
of the body through insoles so that the asymmetrical 
force could be balanced and the spine could grow nor-
mally. However, our findings were consistent with prior 
research that showed no statistically significant effect of 
proprioceptive insoles on spinal curvature in patients 
with slight idiopathic scoliosis [23].

The initial hypotheses were expected based on evi-
dence from previous studies that insoles are known to 
positively impact foot disorders, improve neurological 
disabilities, induce spinal postural changes, and reduce 
chronic musculoskeletal imbalances [22]. Addition-
ally, some researchers had identified that insoles had a 

Table 1 Baseline characteristics of patients

Characteristics Experimental 
group (n = 16)

Control group (n = 15) P value

Age (years) 12.94 ± 1.39 13.67 ± 1.35 0.149

Sex (n)

  Female 13 (81.25%) 12 (80.0%) 0.999

  Male 3 (18.75%) 3 (20.0%)

Height (cm) 165.44 ± 5.45 165.87 ± 5.08 0.823

Weight (kg) 49.81 ± 7.02 53.73 ± 4.83 0.082

BMI (kg/m2) 18.16 ± 2.05 19.56 ± 1.91 0.059

Risser grade (n)

  1 2 0 0.158

  2 5 8

  3 9 7

King (n)

  1 3 4 0.826

  2 7 5

  3 4 5

  4 2 1

Cobb angle (°) 34.06 ± 8.43 34.40 ± 6.58 0.902
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positive impact on muscular tension, joint malposition, 
pelvic misalignment, and the spinal curvature in the 
sagittal plane could be positively influenced by specific 
stimulations and relaxations of the plantar foot mus-
cles together with the increase of low muscle tonus and 
reduction of high muscle tonus [41]. Unfortunately, in 
recent years, the effect of insoles on sagittal balance has 
not been well described due to the lack of clinical studies. 
The results of this study showed that insoles had no posi-
tive effect on trunk deformity, but had a positive effect on 
improving the coronal balance index and sagittal balance 
index at six months, which might imply insoles have the 
potential of improving the static balance and promoting 
postural adjustment of AIS patients.

A previous study revealed that adolescents with a pro-
gressive form of idiopathic scoliosis had fair postural 
stability compared to healthy peers [6]. For insoles used 
in this study, we increased the stress points or cut off 
the load-free parts of the insole, including personalized 
increased arch support, adding wedge blocks with differ-
ent heights to the heel for adjusting the heel in a neutral 
position, controlling the degree of forefoot inversion and 
eversion, and bilateral lower limb length compensation, 
etc. The above allowed the patient’s body to be adjusted 
in a neutral position and gave sufficient sensory input to 
facilitate the postural adjustment. Leg length discrepancy 
(LLD) is very common in patients with scoliosis, and 
insoles can be used to correct it. Some studies indicate 
that treatment needs to be implemented when LLD is 
above 1 cm; however, other studies are more conservative 
and believe that treatment is only required when LLD is 
above 2 cm [42, 43]. The correction of leg length discrep-
ancy could reduce the curves of patients with scoliosis 
[37]. Patients included in our study had bilateral lower 
extremity inequalities of less than 1  cm. It is unclear 
whether insoles can effectively improve spinal deformi-
ties or balance in the short term while LLD is above 1 cm.

The negative effects of scoliosis on quality of life and 
related constructs such as psychosocial health have 
been reported in the literature [44]. The main concern 
of patients with scoliosis is anxiety, which developed due 
to a three-dimensional deformity. The correction of the 
cosmetic deformity is a primary goal of treatment, as 
reported in a consensus by SOSOR [45]. Negrini et  al. 
revealed in a systematic review that bracing for AIS was 
able to prevent curve progression and could not improve 
quality of life and back pain caused by the spinal curva-
ture [46]. Our results were consistent with these studies. 
The discomfort that patients may experience due to the 
use of braces and insoles can significantly reduce scores 
related to quality of life, which may be greatly improved 
in the future if the patient’s trunk deformity is minimized 
and extrinsic interventions are discontinued. It was worth 

mentioning that patients in both groups reported satis-
faction with treatments in the subdomains of SRS-22.

There were some limitations of this study that needed 
to be taken into account. Firstly, treatment compliance 
was not considered in the analysis. Although we have 
instructed the guardians to take photos or videos at regu-
lar intervals and send them to us, the impact of compli-
ance with daily home exercises on the outcome could not 
be thoroughly assessed. Secondly, we only performed a 
follow-up of 6 months, as the insole may have a distor-
tion during long-term use due to weight-bearing, which 
may affect the treatment effect. Thirdly, the curvature 
pattern in the study was classified by the King classifica-
tion system, and patients with types one to four in this 
study may have added some bias. Future studies could 
be specifically limited to a particular type. Fourthly, 
although 3D personalized insoles cannot reduce the 
Cobb angle and angle of trunk rotation of patients with 
moderate AIS in our study, it was still interesting to use 
finite element analysis to explore the insole optimization. 
Finite element modeling can become an efficient tool for 
an in-depth understanding of the insole design on stress 
distribution, displacement and bone rotation of the spine. 
Unfortunately, finite element analysis was missing in this 
study.

Conclusion
In conclusion, the results indicated that bracing com-
bined with exercise could reduce curve progression and 
the angle of trunk rotation in patients with moderate 
AIS, which strengthened the previous evidence. 3D per-
sonalized insoles cannot reduce patients with moderate 
AIS’ Cobb angle and angle of trunk rotation but might 
have the potential to improve postural stability.
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