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Introduction: Thoracolumbosacral orthosis (TLSO) is the most commonly
used type of brace for the conservative treatment of adolescent idiopathic
scoliosis (AIS). Although lumbosacral orthosis (LSO) is designed to correct
single thoracolumbar or lumbar (TL/L) curves, its effectiveness remains
underexplored. This novel article aims to compare the effectiveness of LSO
with TLSO in treating AIS with main TL/L curves.
Methods: This prospective controlled cohort study enrolled patients with AIS
with main TL/L curves and minor thoracic curves who were treated with either
TLSO or LSO. Demographic and radiographic data were compared between
the two groups. Treatment outcomes were also assessed. Risk factors for
minor curve progression were identified, and a cut-off value was determined
within the LSO group.
Results: Overall, 82 patients were recruited, including 44 in the TLSO group and
38 in the LSO group. The initial TL/L curves showed no difference between both
groups. However, the baseline thoracic curves were significantly larger in the
TLSO group compared to the LSO group (25.98° ± 7.47° vs. 18.71° ± 5.95°,
P < 0.001). At the last follow-up, LSO demonstrated similar effectiveness to
TLSO in treating TL/L curves but was less effective for thoracic curves. The
initial magnitude of thoracic curves was identified as a risk factor for minor
curve outcomes in the LSO group. The ROC curve analysis determined a
cut-off value of 21° for thoracic curves to predict treatment outcomes.
Discussion: In contrast to TLSO, LSO exhibits comparable effectiveness in
treating main TL/L curves, making it a viable clinical option; however, it is less
effective for thoracic minor curves. The initial magnitude of the minor thoracic
curves may guide the selection of the appropriate brace type for patients with
AIS with main TL/L curves.
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1 Introduction

Adolescent idiopathic scoliosis (AIS) is one of the most

common spinal deformities in school-age children and

teenagers (1). Numerous studies have validated the

effectiveness of bracing for moderate curves, specifically those

ranging from approximately 20° to 40°. This approach has been

shown to reduce the rate of curve progression when compared

to observation alone (2–4). However, many factors affect the

outcomes of bracing treatment, including brace design, curve

magnitude, curve type, maturity, in-brace correction (IBC),

and compliance (5). Different brace designs exert varying

correction forces, which influence wearing compliance and

potentially affect patients’ outcomes (6, 7). A more significant

IBC rate and adherence to a full-time brace usually indicate a

better prognosis (8, 9).

Currently, there are three types of braces according to the

different anatomical regions, namely cervicothoracolumbosacral

orthosis (CTLSO), thoracolumbosacral orthosis (TLSO), and

lumbosacral orthosis (LSO) (10). The Milwaukee brace was a

widely used CTLSO that controls upper thoracic curves in a

way that traditional under-arm braces cannot (11). However,

this came at the cost of impaired aesthetics and discomfort;

hence, the brace was associated with poor compliance (12). The

Milwaukee brace has been gradually replaced by low-profile

underarm TLSO, such as Boston or Chêneau braces (13). While

TLSO designs are generally more tolerated and aesthetically

pleasing, compliance with these braces is not always satisfactory

for some patients (14). Karol et al. reported that patients who

were counselled about compliance data wore their braces for an

average of 13.8 h daily, compared to 10.8 h for those who were

not counselled, which were both significantly less than the

recommended minimum of 20 h daily (15). Therefore,

improving bracing compliance remains a significant challenge

in clinical practice (16).

The LSO is primarily designed to correct single

thoracolumbar or lumbar (TL/L) curves. It lacks the underarm

corrective force, making it more compact, portable, and easier

to wear than the TLSO (10). Theoretically, patients who wear

LSO are more comfortable and have more compliance.

However, only a few studies in the literature have discussed its

effectiveness. According to the latest scoliosis classification of

braces by the International Society On Scoliosis Orthopedic and

Rehabilitation Treatment (SOSORT), the Progressive Action

Short Brace (PASB) is categorized as a type of LSO, intended

solely for treating thoracolumbar or lumbar (TL/L) curves.

However, some earlier studies have described its original design

as that of a TLSO (10, 17). Aulisa et al. reported that most

patients with TL/L curves obtained curve correction after

PASB treatment (18, 19). Nevertheless, they only used it for

single TL/L curves, and patients with minor thoracic curves

were omitted. Therefore, this novel prospective controlled

study aimed to compare the effectiveness of LSO with TLSO

in treating AIS with both main TL/L curves and minor

thoracic curves.
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2 Materials and methods

2.1 Cohorts

This prospective controlled cohort investigation was approved

by the Institutional Review Board of our hospital (XHEC-C-

2023-040-1) and conducted according to the principles of the

Helsinki Declaration. All patients in this study visited our clinic

between January 2017 and December 2021 to consult a senior

physician (Prof. J.L. Yang), who has extensive expertise in the

conservative treatment of AIS. The inclusion criteria were as

follows: (1) AIS patients with main TL/L curves and minor

thoracic curves; (2) main curve magnitude between 25° and 45°;

(3) age >10 years; (4) a Risser stage of 0–2; (5) receiving TLSO

or LSO with a minimum follow-up duration of 2 years; and (6)

optimal bracing compliance to eliminate the potential impact of

compliance on treatment outcomes. Treatment compliance was

considered optimal if the difference between the prescribed

bracing hours and the actual duration the brace was worn was

less than 2 h (19). Compliance with bracing was assessed using

patients’ self-reports and confirmed by their parents. If necessary,

magnetic resonance imaging (MRI) and electromyography were

performed to rule out any potential neuromuscular disorders. To

enhance treatment adherence, follow-ups for patients were

consistently conducted by the same doctor (Prof. J.L. Yang).

Patients who had undergone other prior treatments (4 cases) or

had incomplete clinical data (2 cases) were excluded from the

study. Eight patients who did not reach the goals of optimal

bracing compliance during treatment were also excluded.

Informed consent to participate in the study was obtained from

the legal guardians of the enrolled patients.
2.2 Bracing protocol

According to the latest classification of scoliosis braces

developed by SOSORT, it is necessary to delineate the

following features of braces: rigidity, primary action for

detorsion, primary corrective plane in three dimensions,

construction type as monocot, and closure method as ventral

(10). In light of the different anatomical regions where curves

were controlled, both TLSO and LSO types were used in this

study. The selection of the specific brace type was determined

by the doctor’s recommendation after fully informing the

patients about the potential effects of both brace types. For

minor curves ≥25°, TLSO was recommended; for minor curves

<25°, LSO was used if the minor curve was considered non-

structural; otherwise, a TLSO was recommended (Figures 1, 2).

After the patients fit their selected braces, in-brace radiographs

were taken within 2 weeks. Afterwards, regular follow-up visits

were recommended every 4–6 months for all patients. The

patients were also required to wear braces for at least 20 h

daily. Upon reaching skeletal maturity, the patients underwent

the final radiographic assessments and discontinued bracing

through a weaning process.
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FIGURE 1

A 12-year-old girl diagnosed with adolescent idiopathic scoliosis was treated with lumbosacral orthosis (LSO). The main lumbar curve was 30° and the
minor thoracic curve was 18° at baseline (A) The in-brace radiograph showed excellent correction of both curves (B) After 2 years of treatment, the
patient had satisfactory curve improvement (C), which was adequately maintained over a 4-year follow-up period (D) Clinical in-brace appearance of
the patient (E).

Sha et al. 10.3389/fped.2024.1368201
The weaning process typically involved wearing the brace at night

only, consistently for 6–12 months (20). Skeletal maturity was defined

as having a Risser sign of 4 or 5, or 2 years post-menarche for female

patients. The patients also underwent physiotherapeutic scoliosis-

specific exercises (PSSE). It mainly comprised daily corrective

postures and intensive corrective exercises, including muscle

strengthening and curve stretching movements. Patients were

required to exercise for at least 1 h daily (21).
FIGURE 2

A 13-year-old girl diagnosed with adolescent idiopathic scoliosis treated wi
and the minor thoracic curve was 30° at baseline (A) In-brace radiograph sh
patient had satisfactory curve improvement (C), which was adequately maint
the patient (E).
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2.3 Clinical and radiological evaluation

The demographic information collected at the initiation of

brace treatment included age, sex, body mass index, and Risser

sign. The patients were required to undergo full spinal

posteroanterior and lateral radiographic assessments after the

braces had been removed for over 24 h at each visit during

follow-up. The Risser sign and curve magnitude (using Cobb’s
th thoracolumbosacral orthosis (TLSO). The main lumbar curve was 42°,
ows excellent correction of both curves (B) After 1 year of treatment, the
ained over a 3-year follow-up period (D) Clinical in-brace appearance of
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TABLE 1 Demographic and clinical data of patients included in this study.

Included patients
Numbers 82

Sex

Female 74

Male 8

Age (years) 12.78 ± 1.31

Risser

0 31

1 21

2 30

BMI (kg/m2) 17.47 ± 2.38

Initial main curve (°) 33.90 ± 6.64

Initial minor curve (°) 22.61 ± 7.68

Main curve location

Thoracolumbar 38

Lumbar 44

Apical vertebra rotation

1 27

2 53

3 2

Follow-up (months) 28.54 ± 4.58

Sha et al. 10.3389/fped.2024.1368201
method) were measured on spinal radiographs. The main curve

location was divided into TL (apex between T12 and L1) or L

(apex below L1 and above L3) according to the location of the

apical vertebra. The apical vertebral rotation of the main curve

was assessed using the methods developed by Nash and Moe

(22). The in-brace correction (IBC) rates were calculated using

the following formula:

In� brace correction (IBC) rates

¼ (Cobb angle at baseline-in-brace Cobb angle)

=Cobb angle at baseline � 100%

The ratio of curve magnitude (minor curve/main curve) was also

calculated to investigate whether the minor curve was structural

or non-structural. A minor curve was considered structural if the

Cobb magnitude was ≥80% of the magnitude of the primary

curve (23). The Brace Questionnaire (BrQ) that explicitly

evaluates the health-related quality of life of patients with AIS

undergoing brace treatment was investigated for all patients in

this study during follow-up (24, 25). The treatment outcome was

defined based on the evolution of the main curve or the minor

curve as follows: (1) improve (>5° reduction in the curve

magnitude); (2) stabilize (≤5° change in the curve magnitude);

and (3) progress (>5° increase in the curve magnitude).

Radiographic measurements were completed by two authors

(Dr. L. Sha and Dr. T.Y. Zhang), and the mean values were used

in the analysis.
TABLE 2 Comparison of demographic and clinical information between
both groups.

TLSO group LSO group P value
Numbers 44 38 –

Sex

Female 40 34 0.827

Male 4 4

Age (years) 12.82 ± 1.26 12.74 ± 1.37 0.780
2.4 Statistical analysis

Statistical analysis was performed using the SPSS version 26.0

software (IBM Corp., Armonk, NY, USA). The univariate

comparison included the independent t-test for comparing

continuous variables and the chi-square test for comparing

categorical parameters. The parameters between the two groups

were compared at baseline, initial in-brace, and during the last

follow-up visit. With potentially related variables entered, factors

significantly associated with treatment outcome were identified

by logistic regression in forward stepwise methods. The receiver

operating characteristic (ROC) curve was used to determine the

threshold value for treatment outcome. A P value of <0.05 was

considered statistically significant.
Risser

0 17 14 0.805

1 10 11

2 17 13

BMI (kg/m2) 17.42 ± 2.36 17.52 ± 2.43 0.864

Main curve location

Thoracolumbar 17 21 0.131

Lumbar 27 17

Apical vertebra rotation

1 16 11 0.776

2 27 26

3 1 1

Follow-up (months) 28.41 ± 5.22 28.68 ± 3.76 0.788
3 Results

The study included 82 patients who met the inclusion criteria.

The demographic and clinical data for these patients are presented

in Table 1. Based on the type of braces used, 44 patients were fitted

with TLSO and 38 with LSO. A comparison of demographic and

clinical data between the two groups revealed no significant

differences (Table 2, all P > 0.05).

In terms of radiographic evaluation, the initial main curve was

34.68° ± 6.40° in the TLSO group and 32.99° ± 6.88° in the LSO
Frontiers in Pediatrics 04
group, showing no statistically significant difference (P = 0.252).

However, the minor curves were significantly larger in the TLSO

group than in the LSO group (25.98° ± 7.47° (range, 20°–37°) vs.

18.71° ± 5.95° (range, 10°–24°), P < 0.001). Similarly, the minor

curve/main curve ratio was also larger in the TLSO group than

in the LSO group (P < 0.001). The IBC rates for the main curves

(P = 0.170) were comparable between the two groups; however,

the TLSO group demonstrated significantly better IBC rates for

minor curves (P = 0.004). After an average follow-up of 28.54 ±

4.58 months, both main and minor curves showed no significant

difference between the two groups (Table 3, all P > 0.05).

Regarding health-related quality of life, patients in the LSO

group had significantly higher BrQ scores than did those in the

TLSO group (81.92 ± 4.19 v.s. 79.36 ± 4.40, P < 0.001).
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TABLE 3 Comparison of radiographic parameters between both groups.

TLSO group LSO group P value
Baseline main curve (°) 34.68 ± 6.40 32.99 ± 6.88 0.252

Baseline minor curve (°) 25.98 ± 7.47 18.71 ± 5.95 <0.001*

Minor curve/main curve (%) 74.50 ± 13.39 56.71 ± 13.47 <0.001*

In-brace main curve (°) 11.95 ± 8.29 13.11 ± 7.54 0.515

CR of main curve (%) 67.50 ± 19.94 61.39 ± 19.85 0.170

In-brace minor curve (°) 12.48 ± 7.85 11.59 ± 6.18 0.578

CR of minor curve (%) 54.32 ± 23.66 37.92 ± 26.80 0.004*

Last main curve (°) 27.02 ± 10.75 26.03 ± 10.21 0.669

Last minor curve (°) 22.64 ± 9.98 18.79 ± 8.59 0.067

CR, correction rate.

*Means significantly different.

Sha et al. 10.3389/fped.2024.1368201
There was no significant difference at the last follow-up for the

treatment outcomes of the main curves (Table 4, P = 0.761).

Regarding the minor curves, 21 patients had improved, 15

patients were stabilized, and 8 patients had progressed in the

TLSO group. On the other hand, 7 patients had improved, 21

patients were stabilized, and 10 patients had progressed in the

LSO group. The LSO group had worse treatment outcomes on

minor curves than did the TLSO group (P = 0.017). To further

investigate the factors that influence the outcomes of minor

curves in the LSO group, a binary logistic regression analysis was

conducted. The results showed that the initial curve magnitude

of minor curves was an independent risk factor (P = 0.007).

The ROC curve determined that a minor curve of 21° was the

best cut-off value to predict the treatment outcome of minor

curves. The area under the ROC curve was 0.793, with a

sensitivity of 80.0% and a specificity of 82.1%, indicating good

predictive capability.
4 Discussion

The present study aims to evaluate whether LSO is effective in

the conservative treatment of AIS in patients with main TL/L and

minor thoracic curves. To the best of our knowledge, this is the first

study to compare the treatment outcomes of TL/L and thoracic

curves between LSO and TLSO.

We found that for the main TL/L curves, both groups showed

significant improvement (both P < 0.001), decreasing from 34.68°

± 6.40° to 27.02° ± 10.75° and from 32.99° ± 6.88° to 26.03° ±

10.21°, respectively. The high IBC rate (averaging more than
TABLE 4 Comparison of treatment outcomes between both groups.

TLSO group LSO group P value
Main curve

Improve 30 23 0.761

Stabilize 8 9

Progress 6 6

Minor curve

Improve 21 7 0.017*

Stabilize 15 21

Progress 8 10

*Means significantly different.
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60%) and good bracing compliance may account for the

satisfactory outcomes observed. However, only patients in the

TLSO group demonstrated improvement for minor thoracic

curves (P = 0.001), decreasing from 25.98° ± 7.47° to 22.64° ±

9.98°, while the LSO group showed almost no change from

18.71° ± 5.95° to 18.79° ± 8.59° (P = 0.918). Moreover, the

evolution of the curve magnitude also showed significantly better

results in the TLSO group [47.7% (21/44) improved; 34.1% (15/

44) were stabilized; and 18.2% (8/44) progressed] than in the

LSO group [18.4 (7/38) improved; 55.3% (21/38) were stabilized;

and 26.3% (10/38) progressed]. Therefore, the treatment

outcomes of minor thoracic curves in the LSO group were worse

than in the TLSO group. These results were consistent with our

hypothesis. We also found that the initial thoracic curve

magnitude was an independent risk factor for treatment

outcomes of minor thoracic curves in the LSO group. Patients

with minor thoracic curves of less than 21° may achieve better

outcomes after LSO treatment based on the ROC results

(Figure 1). Lastly, patients in the LSO group scored significantly

higher on the BrQ than those in the TLSO group (81.92 ± 4.19

vs. 79.36 ± 4.40, P < 0.001), suggesting that LSO offers advantages

in terms of improved quality of life and better compliance in

clinical practice.

In this study, 60.5% (23/38) of patients showed TL/L curve

improvement, and 15.8% (6/38) showed curve progression in the

LSO group at the last follow-up. The outcomes of our study did

not match the levels of curve correction seen in studies on the

PASB (94% for thoracolumbar curves and 82.5% for lumbar

curves). This discrepancy is likely because the initial curve

magnitudes in our study were larger than in previous studies (18,

19). The mean baseline main curve was 32.99° ± 6.88° in this

study, while they were 29.30° ± 5.16° for TL curves and 26.4° ±

2.8° for L curves in previous PASB studies. Furthermore, Aulisa

et al. performed a long-term follow-up study of more than 10

years and found that the TL/L curves treated using PASB

achieved positive long-term outcomes (26). However, minor

thoracic curves were not investigated in their articles. Our study

determined that a cut-off value of 21° for thoracic curves could

predict the outcomes of the LSO group. Therefore, for AIS with

a main TL/L curve, LSO may achieve satisfactory outcomes if the

thoracic curve is less than 21°. However, if the thoracic curve is

more than 21°, TLSO may achieve better control than LSO.

Another potential risk of wearing LSO is the rapid progression of

the thoracic curve and the need to switch to a long brace during

treatment. Although some patients (10/38) in this study

encountered thoracic curve progression, no patient was required

to change to TLSO because the curve progressions we observed

were minimal and acceptable. Moreover, the inclusion of daily

physiotherapeutic exercises in the treatment regimen helped

control the progression of minor curves. However, if a minor

curve rapidly progresses or even exceeds the magnitude of the

main curve, switching to TLSO is strongly recommended.

Besides the curve correction for thoracic curves, another

difference between TLSO and LSO is patients’ compliance with

bracing. Theoretically, patients have better adherence to LSO

than to TLSO due to its specific designs. Therefore, to eliminate
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the influence of bracing compliance, only patients with optimal

compliance are enrolled in this study to compare the outcomes

of TLSO and LSO (19). Numerous studies have identified bracing

compliance as a crucial factor that influences treatment outcomes

(27, 28). However, numerous factors could affect patients’

adherence to braces.

Rahimi et al. concluded that compliance could be enhanced by

focusing on factors related to the design and delivery of the brace.

Improvements in the appearance and comfort of the brace can

enhance psychological acceptance, thereby increasing compliance

(29). This approach aligns with the principles of the LSO.

Additionally, Karol et al. found that compliance monitoring and

effective counseling could enhance patients’ adherence (15).

Brigham et al. reported that the most critical factors that

promoted compliance with brace wearing were a patient’s desire

to avoid surgery and to prevent curve progression (30).

Considering the above, LSO should be a possible solution for

AIS with main TL/L curves in clinical practice due to its natural

advantages of good compliance and better quality of life.

The main limitation of this study resides in the study design.

First, the assignment of patients to the experimental group (LSO)

and the control group (TLSO) was not conducted using a

randomized, double-blind method. Therefore, a potential

selection bias exists. Second, the total sample size of 82 patients

is relatively small, which may limit the generalizability of the

study’s findings. A larger sample size could increase the statistical

power and improve the reliability of the results. In the future, a

multicenter prospective randomized controlled study of large

cohorts is needed to validate the current results.
5 Conclusions

Compared to TLSO, LSO demonstrates similar effectiveness

for main TL/L curves but is less effective for thoracic minor

curves. For patients who have AIS with main TL/L and minor

thoracic curves, LSO is a viable option that is associated with a

better quality of life in clinical practices. The initial thoracic

curve magnitude is a risk factor that affects the treatment

outcomes of minor curves, and the cut-off value of 21° may

guide the selection of appropriate braces.
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