
RESEARCH

European Spine Journal (2025) 34:5232–5240
https://doi.org/10.1007/s00586-025-09124-0

	
 Francesco Negrini
francesco.negrini@uninsubria.it

Stefano Negrini
stefano.negrini@unimi.it

Tito Bassani
tito.bassani@grupposandonato.it

Francesca Febbo
francesca.febbo@isico.it

Greta Jurenaite
greta.jurenaite@isico.it

Alessandra Negrini
alessandra.negrini@isico.it

Carmelo Pulici
carmelo.pulici@isico.it

Fabio Zaina
fabio.zaina@isico.it

1	 Department of Biomedical, Surgical and Dental Sciences, 
University of Milan, Milan, Italy

2	 IRCCS Galeazzi S.Ambrogio Hospital, Milan, Italy
3	 Department of Biotechnology and Life Sciences, University 

of Insubria, Varese, Italy
4	 Istituti Clinici Scientifici Maugeri IRCCS, Institute of 

Tradate, Tradate, Italy
5	 ISICO (Italian Scientific Spine Institute), Milan, Italy

Abstract
Purpose  The Brace Adolescent Idiopathic Scoliosis Trial (BrAIST) reported a bracing dose–response curve in AIS for 
brace-wearing time (BWT) up to 18 h/day (h/d) on the outcome end-of-treatment < 50°. We aimed to examine the dose–
response curve for this and other relevant outcomes in cases of BWT > 18 h/d.
Methods  Design: Retrospective secondary analysis of consecutively collected data. Participants: braced AIS patients with 
curves < 45° and a subgroup with BrAIST inclusion criteria. Treatment: different braces, prescribed 18 to 24 h/d, accord-
ing to curve topography, Cobb angle and a shared decision-making approach. We divided patients into BWT quartiles and 
developed dose–response curves using the BrAIST methodology for the end-of-growth outcomes END < 50°, END < 30°, 
avoidance of progression, and improvement.
Results  We included 884 patients (85% female), with a mean age of 13.0 ± 1.3 years and a mean Cobb angle of 28 ± 7°. In 
the higher BWT quartiles, we found larger scoliosis curves but also better final Cobb angle results. The dose–response curves 
showed statistically significant improvements for the outcomes END < 30° and improvement (outcomes improvements rang-
ing 45–60% and 25–35%, respectively). The outcomes END < 50° and avoiding progression showed a ceiling effect due to a 
very high success rate (range 97–98% and 85–87%, respectively).
Conclusion  BWT > 18 h/d is associated with avoiding surgery (END < 50°), reduced progression, and increased improve-
ment rates, and achieving END < 30°, which is particularly relevant because it reduces the risk of problems in adulthood. 
Decisions on daily BWT should be based on the desired outcomes and an honest conversation with the patients and parents.
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Background

Scoliosis is an abnormal spine curvature involving the trunk 
[1]. It is called idiopathic when no recognised cause exists 
[2]. It affects approximately 3% of the population and is 
more frequent in adolescents and girls [3]. Current treat-
ments include observation, scoliosis-specific exercises, 
bracing, and, in severe cases, surgery [1].

Until a few years ago, the efficacy of braces for adoles-
cents with idiopathic scoliosis (AIS) was debated [4]. The 
conservative experts of the Society On Scoliosis Orthopedic 
and Rehabilitation Treatment (SOSORT) were not able to 
perform an RCT because they were not in equipoise, defined 
as “a state of genuine uncertainty on the part of the clinical 
investigator regarding the comparative therapeutic merits of 
each arm in a trial” [5] – also referred as the “parachute 
evidence” paradox [6]. The surgical experts of the Sco-
liosis Research Society (SRS) proved to feel in equipoise 
[7]. They participated in an RCT, the Bracing Adolescent 
Idiopathic Scoliosis Trial (BrAIST) [8], providing clear evi-
dence of the superiority of bracing over observation.

The debate over the bracing AIS now centres on the daily 
brace-wearing time (BWT). BrAIST reported a bracing 

dose–response curve, plotting BWT versus the outcome of 
“avoiding surgery” (remaining < 50°), showing no further 
improvement above 18 h per day (h/d). Many consider this 
result a solid scientific basis for the maximum brace pre-
scription. SOSORT experts prescribe more hours [9], and 
papers comparing the BrAIST database to another prospec-
tive one showed that a higher dosage provides better results 
[10, 11].

We need further evidence to solve this debate, which may 
come from different treatment aims. The SOSORT and SRS 
non-operative committee recommendations for bracing 
studies proposed four outcome criteria: avoiding surgery, 
avoiding progression, improving, and remaining < 30° [12]. 
The literature showed that this last threshold significantly 
reduces the risks of progression [13, 14] and pain [15, 16] 
in adulthood.

Developing the dose–response curve for all the out-
comes proposed by the SOSORT and SRS non-operative 
committee [12] could provide evidence relevant to resolv-
ing the current debate on bracing hours prescription. With 
this objective, we planned a secondary analysis of infor-
mation from a previous paper, including a large dataset of 
prospectively collected patients [11]. We aimed to examine 
the dose–response curve for all relevant outcomes in AIS 
patients with a brace prescription > 18 h/d, followed up until 
the end of growth.

Methods

Study design

Secondary analysis of a retrospective study of prospectively 
collected data from a tertiary referral institute specialised in 
conservative treatment of spinal disorders [11]. Ethical and 
funding information are reported in the original study. We 
reported our results using the STROBE checklist [17].

Material and methods

Participants

The original study [11] examined a database of 25,361 con-
secutive children (aged under 18 years) who came to our 
Institute for a consultation (Fig. 1). It reported the final results 
of 1457 AIS patients with 11–45° Cobb angle, Risser stage 
0–2. The topographical curve classification included 24% 
single (36% thoracic, 49% thoraco-lumbar, 14% lumbar), 
67% double (54% thoracic/lumbar, 33% thoracic/thoraco-
lumbar and 5% Moe), and 9% triple curves. Patients were 
not previously treated and were followed up until the end 

Fig. 1  Flowchart of patient selection and subgrouping
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of growth, defined as the achievement of European Risser 
3, corresponding to US Risser 4. We included all patients 
from the start of electronic data recording (March 2003) to 
December 31, 2017. From this dataset, the inclusion crite-
rion for the current secondary analysis was wearing a brace, 
and the exclusion criterion was incomplete information on 
brace-wearing time (BWT). We divided the participants into 
two groups: those with and those without brace wear moni-
toring, using a thermal sensor. For the best possible compar-
ison with the BrAIST dose–response curve, we considered 
the most similar subgroup (BrAISTsg): use of plastic braces 
with a thermal sensor, age 10–15, Cobb angle 20–39°, and 
for females, being pre-menarchal or 1-year post-menarchal.

Intervention

All patients were treated with one of the following braces, 
described according to the international classification of 
braces [18]: 1) anterior closure, three-dimensional push-up 
TLSOs (Thoraco-Lumbo-Sacral Orthosis), either monocot 
rigid (Sibilla) or bivalve highly-rigid (Sforzesco) [19]; 2) 
for thoracolumbar and lumbar curves, either the short ver-
sion (LSO—Lumbo-Sacral Orthosis) of the Sibilla brace 
or a ventral closure frontal & transverse plane detorsion 
monocot rigid LSO (PASB – Progressive Action Short 
Brace) [20]; the choice between the two was due to phy-
sician’s preferences in agreement with the patient; 3) for 
patients with curves between 20 and 30° refusing the plastic 
brace, an elastic multisegmented three-dimensional frontal 
closure movement-based TLSO (Spinecor) [21]. The Insti-
tute’s physicians selected the type of brace (elastic, rigid, or 
very rigid) and proposed the dosage based on the individual 
prognosis, with a minimum prescription of 18, up to 24 h/d. 
The worse the prognosis, the higher the brace rigidity and 
the proposed BWT. Further details are available in the origi-
nal study [11]: we implemented an Evidence-Based Prac-
tice Approach based on shared decision-making to involve 
adolescents (and their parents) in the choices about their 
care and increase treatment adherence as much as possible. 
Consequently, the approach was based on the Institute’s 
protocols, driving physicians’ prescriptions, but was ulti-
mately completely individualised. We also applied the grad-
ual weaning protocol described in the original study [11]. 
All patients performed Scoliosis-Specific Exercises (SSE) 
according to the Scientific Exercises Approach to Scoliosis 
(SEAS) [22]. Patients recruited after 2012 received a pre-
scription for a brace thermal sensor.

Variables

We compared the subgroups and, within each of them, the 
brace wearing-time (BWT) quartiles (see below) for the 

following baseline variables: 1) general: females, females 
with menarche (percentage and 95% Confidence Intervals 
[95CI]), and age (years); 2) anthropometric: weight (kg), 
height (cm) and Body Mass Index (BMI) (kg/m2); 3) clini-
cal: Trunk Aesthetic Clinical Evaluation (TRACE) index in 
percentage [23], Angle of Trunk Rotation (ATR) (degrees); 
4) radiographic: Cobb degrees and Risser stage; 5) medical: 
prescription in hours/day (h/d). All measures were recorded 
by the treating physician.

We calculated two BWTs for the total treatment time: 1) 
in patients with the thermal sensors, we used the measured 
BWT obtained by adding all the sensor measures at each 
consultation for the entire period of treatment; 2) in patients 
who did not wear the thermal sensor, we used the reported 
BWT obtained as the sum of all the reported BWTs at each 
consultation: they were calculated by multiplying the daily 
BWT reported by the patient and parents by the number 
of days passed since the prescription or, in case of the first 
brace wearing, from the brace delivery.

We finally calculated the compliance by dividing the 
BWT by the prescribed BWT. The latter was obtained by 
multiplying the prescribed BWT at each consultation by 
the days passed between the prescription (or brace delivery 
after the first consultation) and the subsequent consultation.

We considered the four SOSORT and SRS non-operative 
committee outcomes [12]: 1) remaining < 50° (END < 50), 
2) avoiding progression > 5°, 3) finishing < 30° (END < 30), 
and 4) improving > 5°. Since the population included patients 
who started treatment < 30°, the outcome END < 30 consid-
ered the increase in the population < 30° between the start 
and end of observation using the formula (patients < 30° at 
the end of growth) – (patients < 30° at the start of treatment).

Data and statistical analysis

We followed the methodology proposed in BrAIST [8] to 
develop the dose–response curves. The BrAIST considered 
the BWT in the first 6 months, providing a clear and easy-
to-read plot of the brace dosage over a 24-h period. Since 
we had the whole treatment BWT, we multiplied the first 
prescription by compliance and obtained a representation of 
the treatment performed over the first prescription.

The curves describe the response to the brace for the four 
considered outcomes of the entire population, BrAISTsg, 
and the two subgroups of patients who did or did not wear 
the sensors. We then divided each of the considered patient 
subgroups (Total, BrAISTsg, with or without a thermal sen-
sor) into four quartiles based on the brace-wearing hours.

Regarding the statistical analysis, a two-tailed one-pro-
portion z-test was used to compare the total group with its 
BrAISTsg, assessing the proportion in BrAISTsg relative to 
the reference in the Total group. A one-sample z-test (or a 
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a mean Cobb angle of 28 ± 7°, and a Risser grade of 1 ± 1 
(Table 1). The only statistically significant differences were 
1) the number of female participants with menarche in BrA-
ISTsg compared to the total population and 2) the clinical 
and radiographic parameters slightly statistically (but not 
clinically) worse in the subgroup without a thermal sensor.

We found some statistically significant differences among 
BWT quartiles for the anthropometric parameters. However, 
none was clinically significant: no more than 2.5 kg, 3 cm, 
and 1.5 kg/m2 for weight, height, and BMI, respectively. 
The highest BWT quartiles exhibited the worst clinical and 
radiographic outcomes in all groups (Table  2). While the 
clinical differences among BWT quartiles were barely clini-
cally significant, the same was not true for the radiographic 
differences: the 4th BWT quartile showed curves 5° or more 
above those in the other quartiles, except for a 3° difference 
for BrAISTsg only.

At the end of growth (Table 3), we found no differences 
in compliance among the groups and subgroups. Cobb 
degrees improved significantly in all groups and subgroups. 
BrAISTsg proved to be different from the others in terms of 
the number of patients improved.

We also found a statistically significant improvement 
in Cobb degrees in all BWT quartiles of all groups except 
for the first one (Table 4). With the exclusion of the first 
quartile, compliance was always above 93% and increased, 
with BWT quartiles peaking at 99–100% at the highest. On 
the contrary, improvement in Cobb degrees did not always 
increase with BWT quartiles.

Figure 2 presents the dose–response curves for all con-
sidered outcomes across all groups. They showed statisti-
cally significant improvements for the outcomes END < 30 

one-sample Wilcoxon signed-rank test for non-normal dis-
tributions) was applied to analyse differences in numeri-
cal values. For comparisons between the two independent 
groups (with and without a thermal sensor), a two-tailed 
z-test for two population proportions was conducted. 
Numerical values were analysed using an unpaired t-test (or 
the Wilcoxon rank-sum test when appropriate).

To evaluate differences in mean values within a specific 
group across the four quartiles of the BWT value, a one-
way ANOVA (or Kruskal–Wallis test) was performed. Post-
hoc comparisons were conducted using the Tukey–Kramer 
method in cases where significant differences were found. 
Differences in the proportions of outcomes (Improved, 
Not-progressed, END < 30, and END < 50) across the four 
quartiles were assessed using a chi-square test, followed by 
post-hoc comparisons with Holm’s correction in the case of 
significant differences.

For the comparison of Cobb angle values before and 
after treatment within a specific group or quartile, a paired-
sample t-test (or Wilcoxon signed-rank test) was applied. 
A significance level (α) of 0.05 was used for all tests. Sta-
tistical analyses were conducted using MATLAB software 
(v.R2024b, MathWorks Inc., Natick, MA).

Results

Out of the 907 braced patients in the original study, we 
excluded 23 (2.5%) because the observational database 
did not report complete information on BWT for any rea-
son (Fig. 1). The final population consisted of 884 patients 
(85% female), with an average age of 13.0 ± 1.3 years, 

Table 1  Baseline data of the whole population and the subgroups
Total BrAIST P With thermal sensor Without thermal sensor P

Numerosity 884 332 516 368
Females % 85(83–88) 80(76–84)  < 0.05 84(81–88) 86(83–90) ns
Menarche % females 53(49–56) 41(35–46)  < 0.05 52(48–57) 53(48–58) ns
Age years 13 ± 1.3 12.8 ± 1.3 ns 13 ± 1.4 12.9 ± 1.3 ns
Height cm 158.5 ± 8.8 158.8 ± 8.6 ns 158.8 ± 8.4 157.9 ± 9.5 ns
Weight kg 48 ± 9.3 47.7 ± 9.3 ns 48.1 ± 9.2 47.8 ± 9.4 ns
Curve type Double T/Tl-L

Single T
Single Tl
Single L
Others

BMI kg/m2 19 ± 2.9 18.8 ± 2.8 ns 19 ± 2.8 19.1 ± 3 ns
TRACE % 48.3 ± 14.7 48.7 ± 15 ns 49.2 ± 14.9 47 ± 14.2  < 0.05
ATR deg 10 ± 3.3 10 ± 3.3 ns 10.1 ± 3.4 9.9 ± 3.3 ns
Cobb angle deg 30 ± 7 30 ± 6 ns 31 ± 7 30 ± 7  < 0.05
Risser stage 1 ± 1 1 ± 1 ns 1 ± 1 1 ± 1 ns
First prescription h/d 21.2 ± 1.9 21.6 ± 1.7 ns 21.5 ± 1.8 20.8 ± 2.1 ns
We report average ± Standard Deviation or percentages (95% Confidence Interval). T: Thoracic; L: Lumbar; Tl: Thoracolumbar. H/d: hours per 
day; deg: degrees; NS: Not Significant
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groups. We also found that with high BWT, it is possible to 
obtain results in the three other outcomes recommended by 
SOSORT and the SRS non-operative committee [12]: the 
outcome END < 30, relevant to avoid problems in adulthood 
[15, 16], increases between 45 and 60% and it is possible to 
achieve improvements in 25–35% of cases in the different 
groups.

While it is possible to draw a bracing dose–response 
curve combining the results of this study and BrAIST (Fig. 
3) [8], it is essential to highlight similarities and differences 
between the two studies. The considered populations were 
the same, even if one was based in the USA and the other 
in Europe, and some social differences in the approach to 
bracing could exist. Patients were consecutively recruited, 

and improvement > 5°), even if not always between some 
contiguous BWT quartiles. The outcomes of END < 50 and 
avoiding progression > 5° showed a very high success rate 
in all BWT quartiles, with mostly no statistically significant 
differences (Table 4).  

Discussion

This study confirms the results of BrAIST [8], with the 
brace dose–response curve remaining stable above 18 h/d 
for the outcome END < 50. Using the brace at high dosage 
allows for achieving END < 50 in 97 to 98% and avoids 
scoliosis progression in 85 to 87% of cases in the different 

Table 2  Baseline data of the population and subgroups divided by brace-wearing time (BWT) quartiles
BWT TRACE ATR Cobb angle First prescription

% P Deg P Deg P Hours/day P
Total
Q1 0.8–17.6 46.5 ± 14.2 $§ 9.3 ± 3.2 § 28 ± 7 $§ 20.1 ± 2.3 $§
Q2 17.7–19.9 46 ± 13.1 $§ 9.6 ± 3.1 § 26.9 ± 5.6 $§ 20.2 ± 1.8 $§
Q3 20–21.9 49.8 ± 14.5 *# 10 ± 3.2 § 30 ± 6.9 *#§ 21.6 ± 1.2 *#§
Q4 22–23.7 50.9 ± 16.1 *# 11.2 ± 3.5 *#$ 35.2 ± 5.8 *#$ 22.9 ± 0.5 *#$
BrAIST
Q1 3.1–17.9 46.9 ± 15.4 § 9.3 ± 2.9 § 29 ± 6 § 20.5 ± 2.2 $§
Q2 18–20.5 45.9 ± 13.4 § 9.6 ± 3.5 29.1 ± 5.4 § 21 ± 1.6 $§
Q3 20.6–22 48.5 ± 16.9 10.3 ± 3.3 29.7 ± 5.2 § 22 ± 1 *#§
Q4 22.1–24 53.6 ± 13 *# 10.8 ± 3.3 * 32.8 ± 4.7 *#$ 22.9 ± 0.5 *#$
With thermal sensor
Q1 3.1–17.7 47.2 ± 14.6 § 9.4 ± 3 § 28.4 ± 6.9 § 20.3 ± 2.1 $§
Q2 17.8–20.2 47.3 ± 12.7 § 10 ± 3.4 § 28.3 ± 6.7 § 20.8 ± 1.7 $§
Q3 20.3–21.9 50.4 ± 16 9.9 ± 3.3 § 30.1 ± 6.8 § 21.9 ± 1.2 *#§
Q4 22–24 52 ± 15.6 *# 11.2 ± 3.6 *#$ 35.1 ± 5.8 *#$ 22.9 ± 0.4 *#$
Without thermal sensor
Q1 3.7–17 45.8 ± 14.6 9.3 ± 3.4 § 27.5 ± 7.3 § 20 ± 2.5 §
Q2 17.1–19.4 44.4 ± 12.8 § 9.2 ± 2.8 § 25.9 ± 5 $§ 19.5 ± 1.8 $§
Q3 19.5–20.9 48.7 ± 12.4 9.9 ± 2.9 28.7 ± 5.9 #§ 20.9 ± 1 #§
Q4 21–23.6 49.2 ± 16.4 # 11.2 ± 3.6 *# 35.8 ± 5.7 *#$ 22.9 ± 0.5 *#$
We report average ± Standard Deviation or percentages (95% Confidence Interval). Q: quartile of BWT; h/d: hours per day; deg: degrees. Sta-
tistically significant differences between BWT quartiles (P < 0.05): *different from 1 st quartile; # different from 2nd quartile; $different from 
3rd quartile; § different from 4th quartile

Table 3  Compliance and results in all groups
Groups Compliance Change in Cobb angle SOSORT Outcomes

Improved Not progressed END < 30 END < 50
Total 91% ± 15% −2.8 ± 8.2* 44%

(41–48)
86%
(84–89)

12%
(10–14)

97%
(96–98)

BrAIST 91% ± 14% −2.3 ± 7.6* 38%
(33–43)

85%
(81–89)

14%
(10–18)

98%
(96–99)

With thermal sensor 91% ± 13% −2.3 ± 7.8* 41%
(37–45)

86%
(83–89)

12%
(10–15)

97%
(96–99)

Without thermal sensor 90% ± 16% −3.4 ± 8.7* 49%
(44–55)

87%
(84–91)

12%
(8–15)

98%
(96–99)

We report average ± Standard Deviation. For the SOSORT outcomes, we report percentages (95% Confidence Interval). END < 50: rate of 
population remaining <50° at the end of growth; END < 30 increase of the population < 30° at the end of observation. *Statistically significant 
difference from the baseline (P < 0.0001)
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the first 6 months of treatment results are very good predic-
tors of the final results [24], we preferred to use the whole 
treatment BWT because it better represents what was per-
formed by the patient and takes into account our gradual 
weaning protocol [11], which could impact the final results.

This study confirms once more that compliance is a main 
determinant factor in achieving results with bracing [25, 
26]. Similar to BrAIST [8], the minimum prescription was 
18 h/d in our population. Nevertheless, in our study, in the 
long-term whole treatment observation, more than 75% of 
the population wore the brace for 18 h or more, while this 
was true for less than 25% of the BrAIST study population 
within the first 6 months [8], confirming what found in other 

and BWT was monitored in both studies; the retrospective 
design of the current study should not influence the results. 
The most significant difference lies in the “per protocol” 
approach of an RCT versus the shared decision-making, evi-
dence-based practice approach used in our sample [11]. This 
contrast leads to another, more significant difference: the 
highest BWT quartiles in our study included patients with 
the most severe deformities and higher dosages prescribed. 
This difference can explain the slight flexion in the dose–
response curve for the outcomes “avoiding surgery” and, in 
some subgroups, “avoiding progression” too. Another dif-
ference could be that we used the entire treatment BWT, 
whereas BrAIST considered the first 6 months [8]. While 

Table 4  Compliance and results in all groups for all brace-wearing time (BWT) quartiles
BWT Compliance Change

in Cobb angle
SOSORT Outcomes
Improved Not progressed END < 30 END < 50
% (95IC) P % (95IC) P % (95IC) P % (95IC) P

Total
Q1 0.8–17.6 73% ± 18% −0.5 ± 7.4 31%

(25–37)
$§ 81%

(76–86)
−4%
-

#$§ 98%
(96–100)

Q2 17.7–19.9 93% ± 7% −2.7 ± 7.1* 41%
(34–47)

§ 89%
(85–93)

6%
(3–10)

*$§ 99%
(98–100)

Q3 20–21.9 97% ± 5% −3.8 ± 7.6* 50%
(44–57)

* 88%
(83–92)

16%
(11–21)

*#§ 98%
(96–100)

Q4 22–23.7 100% ± 3% −4.2 ± 9.8* 55%(49–62) *# 88%
(83–92)

30%
(24–36)

*#$ 95%(92–98)

BrAIST
Q1 3.1–17.9 75% ± 19% 0.1 ± 7.6 24%

(15–33)
$§ 80%

(71–88)
1%
(0–4)

#$§ 99%
(96–101)

Q2 18–20.5 93% ± 7% −2.5 ± 7* 35%
(25–45)

89%
(82–96)

14%
(7–22)

* 99%
(96–101)

Q3 20.6–22 97% ± 4% −3.2 ± 7.5* 48%
(37–59)

* 83%
(75–91)

17%
(9–25)

* 98%
(94–101)

Q4 22.1–24 100% ± 3% −3.6 ± 7.9* 46%
(35–57)

* 88%
(81–95)

24%
(15–33)

* 96%
(92–100)

With thermal sensor
Q1 3.1–17.7 76% ± 17% −0.3 ± 7.1 29%

(21–36)
$§ 81%

(74–87)
−2%
-

#$§ 98%
(96–101)

Q2 17.8–20.2 93% ± 7% −1.6 ± 8.4* 35%
(27–43)

§ 86%
(80–92)

9%(4–13) *§ 98%
(95–100)

Q3 20.3–21.9 97% ± 5% −3.4 ± 6.8* 48%
(39–57)

* 88%
(82–93)

16%(9–22) *§ 98%
(95–100)

Q4 22–24 100% ± 3% −4.1 ± 8.1* 52%
(43–61)

*# 88%
(83–94)

28%(20–36) *#$ 95%
(92–99)

Without thermal sensor
Q1 3.7–17 69% ± 20% −0.3 ± 7.5 28%

(19–37)
#$§ 80%

(72–89)
−5%
-

$§ 97%
(93–100)

Q2 17.1–19.4 94% ± 7% −4.8 ± 6.1* 57%
(46–67)

* 92%
(87–98)

4%
(0–9)

§ 100%
(100–100)

Q3 19.5–20.9 97% ± 4% −4 ± 6.9* 50%
(40–60)

* 90%
(84–96)

13%
(6–20)

*§ 100%
(100–100)

Q4 21–23.6 99% ± 3% −4.5 ± 12.3* 63%
(53–73)

* 86%
(79–93)

35%
(25–45)

*#$ 93%
(88–99)

Q: quartile; END < 50: rate of the population remaining < 50° at the end of growth; END < 30 increase of the population < 30° at the end of obser-
vation. *Statistically significant difference from the baseline (P < 0.0001). Statistically significant differences between BWT quartiles (P < 0.05): 
*different from 1 st quartile; # different from 2nd quartile; $ different from 3rd quartile; § different from 4th quartile
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Fig. 3  The dose–response curve obtained 
by combining the results of the current 
with the BrAIST study [8]. Red lines: 
current study; black lines: BrAIST study. 
Dotted lines: 95% confidence intervals

 

Fig. 2  Dose–response curves for the SOSORT outcomes for all groups. *Cobb degrees statistically significantly different from the other brace-
wearing time (BWT) quartiles
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may limit the generalisability of the results, along with the 
specialised conservative setting and the variability in brace 
types and prescription protocols. Despite the data being 
collected prospectively, the retrospective design permitted 
the inclusion of only those variables gathered during rou-
tine clinical practice. The absence of randomisation exposes 
the study to selection bias and confounding factors (e.g., 
patients with more severe curves were prescribed longer 
brace hours).

Conclusion

A BWT higher than 18 h/d is strongly associated with 
avoiding surgery (END < 50), significantly reduces the pro-
gression of cases, and enables positive outcomes (improv-
ing with BWT) regarding treatment completion below 30° 
Cobb angle, which is particularly relevant as it diminishes 
the risk of issues in adulthood. These results can aid in 
resolving the debate about daily BWT, which should rest on 
the desired outcomes and a candid discussion with patients 
and parents.
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papers [10]. There could be multiple explanations for this 
result, including the shared decision-making approach [11] 
and implementing all the strategies reported in the literature 
to increase compliance [26]. Other factors that could play a 
role include the type of brace (more or less visible), social 
aspects (Italy vs. USA), settings (surgical vs. conservative), 
and the implementation of the SOSORT Guidelines on brac-
ing treatment management [27], among others. Future quali-
tative and quantitative research should carefully examine all 
these factors to enhance our understanding and ultimately 
improve the efficacy of brace treatment in various locations.

Another potentially important factor to consider is that 
patients are not treated surgically at the Institute where the 
data were collected, despite some surgeons serving as con-
sultants and being included in the team. This factor could 
play a role in two directions. On one side, it could drive 
a patient’s self-selection in favour of those who prefer and 
engage in conservative treatment. On the other hand, it could 
testify to the importance of a team completely devoted and 
committed to conservative treatment, whether autonomous, 
as in this case, or within surgical environments. These fac-
tors could be explored in future studies. Nevertheless, the 
main point of this paper remains: the more patients use the 
brace, the better the results they can achieve. The character-
istics of the Institute can ultimately contribute significantly 
to explaining the high compliance achieved and the quality 
of results obtained through the implemented treatments.

The expertise of the treating team and the shared deci-
sion-making evidence-based approach [11] could be another 
confounding factor. Physicians prescribed more hours and 
higher brace rigidity according to their prognosis (expertise) 
and the level of agreement with patients (shared decision-
making). This approach explains why patients who used the 
brace for more hours (in the first BWT quartile) were also 
those with the worst curves (statistically significant differ-
ence). Additionally, these patients demonstrated the highest 
compliance, which could be attributed to their motivation 
due to the importance of the curve. Finally, this factor may 
explain the slight but statistically significant increase in 
most subgroups of END > 50 and scoliosis progression rates 
in the highest BWT quartile. Nevertheless, also the improve-
ment rate and the percentage of patients < 30° increased in 
the first quartile. All in all, this factor reinforces the study’s 
message that the more patients use the brace, the better the 
results they can achieve.

This study possesses several strengths, including a large 
patient cohort that was prospectively collected, which 
enhances the statistical robustness of the findings. It utilises 
objective compliance measures across a significant portion 
of the population. The real-world clinical setting and per-
sonalised, shared decision-making approach augment the 
clinical applicability of the results. However, these factors 
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