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Introduction - Methods

• Brace > Natural history

• Aim of the study: Brace and PSSE 
(complete non-operative treatment) 

for Adolescent Idiopathic Scoliosis (AIS)

• Prospective study
• SRS inclusion criteria
• (>10 years, Cobb angle 25ο – 40ο, Risser 0-2, 
• < 1year post-menarche, no prior treatment)
• 102 consecutive patients
• (87 females-15 males, mean age 12.8 years, Risser 0.48, Cobb 

Th 29.2ο , Cobb Lu 27.8ο)
• Average follow-up 26.4 months
• 7 drop-outs (6.8%), 95 included for main statistical analysis, 

paired t-test



Methods

Outcome parameters

1) Curve progression (>5ο)
2) Reaching surgical 

threshold >40ο

3) In-brace correction
4) Compliance
5) SRS-22 questionnaire
6) Angle Trunk Rotation 

(ATR) by scoliometer
7) Control Group (excluding 

PSSE compliance A)

Treatment protocol

• Cheneau type brace + PSSE
• Brace wearing time according to 

curve magnitude and growth 
stage

• PSSE 5 times/week, 30 minutes, 
1 supervised session/week –
BSPTS and Schroth

Brace
Compliance A
(full-compliance)

90%-100% of 
recommended 

hours

PSSE
Compliance A
(full-compliance)

5 days/week or 
more

Brace
Compliance B

(partial compliance)

70%-90% of 
recommended 

hours

PSSE
Compliance B

(partial compliance)
3-4 days/week

Brace
Compliance C
(no compliance)

<70% of 
recommended 

hours

PSSE
Compliance C
(no compliance)

< 3 days/week



Curve Progression
Main 

analysis
62 stable

65.3%
22 improved 

23.2%
11 progressed 

11.5%
Total 95 
patients

Success rate
88.5%
(84/95)

Worst case 
analysis

62 stable
60.8%

22 improved
21.6%

18 progressed
17.6%

7 Drop-outs (6.8%) 
considered as fails

Total 102 
patients

Success rate
82.4%
(84/102)

Surgical Range
Cobb angle 

>40ο

(surgical threshold)

6 
patients

6.4% Success rate
93.6%
(89/95)

Cobb angle 
>50ο

1 patient 1.1% Success rate
98.9%
(94/95)

Pre-
treatment

Post-
treatment

Statistical 
significance

Cobb 
angle

Thoracic

29.2ο

(25ο – 40ο)
Cobb angle

Thoracic

28.3ο

(10ο – 51ο)
95% CI

-0.45 to 2.06

p= 0.21

Cobb 
angle

Lumbar

27.8ο
(25ο – 40ο)

Cobb angle
Lumbar

26.1ο

(14ο – 39ο)
95% CI 

0.74 to 2.71

p= 0.0008*

Results 
Curve progression



Compliance
PSSE A

Compliance 
PSSE B

Compliance
PSSE C Total

Compliance 
brace A 62 (65.3%) 12 (12.6%) 3 (3.1%) 77 (81%)

Compliance 
brace B 4 (4.3%) 3 (3.1%) 2 (2.1%) 9 (9.5%)

Compliance 
brace C 0 (0%) 2 (2.1%) 7 (7.4%) 9 (9.5%)

Total 66 (69.6%) 17 (17.8%) 12 (12.7%)

Mean Cobb angle 
pre-treatment

Mean Cobb angle
in-brace

%
in-brace correction

Thoracic 29.1ο 14.9ο 49.71%

Lumbar 27.8ο 10.6ο 61.71%

Results 

Predictive factors (In-brace correction / compliance)



Pre-treatment Score Post-treatment Score Statistical 
significance

Pain 22.3 Pain 22.5 p= 0.17

Mental health 18.3 Mental health 18.9 p= 0.003*

Self-image 19 Self-image 20.4 p= 0.0001*

Function 22 Function 22.5 p= 0.0006*

Total SRS-22 81.4 Total SRS-22 83.6 p= 0.0001*

Pre-treatment Post-treatment Statistical 
significance

ATR
Thoracic

9.3ο

(4ο – 15ο)
ATR

Thoracic
7.1ο

(10ο – 51ο)
p= 0.002*

ATR
Lumbar

7.4ο
(3ο – 13ο)

ATR
Lumbar

5.1ο

(14ο – 39ο)
p= 0.001*

Results
Quality of Life - Aesthetics



Results
Control group

Compliance
PSSE A

Compliance 
PSSE B

Compliance
PSSE C Total

Compliance 
brace A 62 (65.3%) 12 (12.6%) 3 (3.1%) 77 (81%)

Compliance 
brace B 4 (4.3%) 3 (3.1%) 2 (2.1%) 9 (9.5%)

Compliance 
brace C 0 (0%) 2 (2.1%) 7 (7.4%) 9 (9.5%)

Total 66 (69.6%) 17 (17.8%) 12 (12.7%)

Control group:

• Compliance PSSE B and C 
(excluding full compliants with PSSE ) 

• More representative group to brace alone without PSSE

• Importance of PSSE compliance to enhance treatment result

Whole 
group

IBC 
Thoracic 

49.7%

IBC 
Lumbar
61.7%

62 
stable
65.3%

22 
improved 

23.2%

11 
progressed 

11.5%
Total 95 
patients

Success rate
88.5%
(84/95)

Control 
group

IBC 
Thoracic 

47.7%
(p=0.12)

IBC 
Lumbar
59.3%
(p=0.14)

20 
stable
68.9%

4 
improved

13.8%

5 
progressed

17.3%
Total 29 
patients

Success rate
82.7%
(24/29)

(p=0.03)*



Results
A-A compliance group

Compliance
PSSE A

Complianc
e PSSE B

Compliance
PSSE C Total

Compliance 
brace A 62 (65.3%) 12 (12.6%) 3 (3.1%) 77 (81%)

Compliance 
brace B 4 (4.3%) 3 (3.1%) 2 (2.1%) 9 (9.5%)

Compliance 
brace C 0 (0%) 2 (2.1%) 7 (7.4%) 9 (9.5%)

Total 66 (69.6%) 17 (17.8%) 12 (12.7%)

A-A compliance group:

• Fully compliant with both brace and PSSE

• Positive effect of adherence to treatment protocol

Whole 
group

IBC 
Thoracic 

49.7%

IBC 
Lumbar
61.7%

62
stable
65.3%

22 
improved 

23.2%

11 
progressed 

11.5%
Total 95 
patients

Success rate
88.5%
(84/95)

A-A 
compliance 

group

IBC 
Thoracic 

52.3%
(p=0.08)

IBC
Lumbar
62.6%
(p=0.10)

44 
stable
70.9%

18 
improved

29.1%

0 
progressed

0%
Total 62 
patients

Success rate
100%
(62/62)

(p=0.0002)*



Results
Case 6



Results
Case 5



Results
Case 47



Discussion - Comparability with other studies

Ø Negrini et al (2009)
Lyon / Sforzesco – SPoRT brace + SEAS 

48 subjects, SRS inclusion criteria
96% not progressed

0% > 45ο

Ø Kwan et al (2017)
Boston brace  + Schroth 

24 subjects, SRS inclusion criteria
79% not progressed

70.8% full brace compliance

Ø Ovadia et al (2009)
RSC brace (no PSSE)

93 subjects, SRS inclusion criteria
83.8% not progressed

Retrospective design (selection bias?)

Ø Kuroki et al (2015)
OMC brace (no PSSE)

31 subjects, SRS inclusion criteria
67.7% not progressed

Ø Aulisa et al (2015)
Lyon brace (no PSSE)

69 subjects, SRS inclusion criteria
98.5% not progressed

Only Single thoracic curves
No analysis for drop-outs (16.7%)

Ø Pasquini et al (2016)
Cheneau P brace (no PSSE)

37 subjects, SRS inclusion criteria
92% not progressed

Ø Weiss et al (2019)
Gensingen brace (no PSSE)

28 subjects, SRS inclusion criteria
85.7% not progressed

Ø BrAIST study
Weinstein et al (2013)

Boston brace (no PSSE)
242 subjects

SRS modified inclusion criteria (20ο – 40ο)
72% success rate (not reaching > 50ο)

Brace and PSSE

Ø Weiss et al (2019)
Gensingen brace (no PSSE)

28 subjects, SRS inclusion criteria
92.9% success rate (not reaching >50ο)

Brace alone (no PSSE)
(End result < 50ο)

Brace alone (no PSSE)



Strengths

• Large sample size (95 patients)
• Power calculation
• Group with high risk of progression
• Efforts to reduce selection and 

measurement bias (prospective 
database, consecutive patients, 
assessors blinded)

Limitations

• Follow-up stopped at the end of 
brace treatment

• No data for long-term
• No brace sensors to measure 

compliance
• No actual control group with 

brace alone

• A complete non-operative treatment with bracing and PSSE achieved a success rate of 88.5% (no progression >5ο)

• Similarly, only 6.4% > 40ο and 1.1% >50o

• Brace and PSSE, with good compliance and IBC, is effective and can significantly reduce the need for surgery

• Brace + PSSE > Brace alone

• Brace and PSSE significantly improved aesthetics and QoL

• Early detection is crucial

Conclusions
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