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Scoliosis comes in many forms including 
congenital, neuromuscular, syndromic and 
idiopathic. The most common scoliosis seen 
in the pediatric population is the idiopathic 
form, classified as infantile, juvenile or  
adolescent. Adolescent idiopathic scoliosis 
(AIS) is the most common form, which  
presents from age 11 to 17 years. AIS is  
defined as a spinal curvature of 10 degrees 
or more seen in the coronal plane. Although 
the definition for scoliosis is based on  
what we see in two-dimensional  
images, it is actually a three-dimensional  
deformity. Therefore, scoliosis represents  
a spinal deformity in the coronal, sagittal  
and axial planes. It has a prevalence of  
about 3 percent in the general adolescent 
population.1,2 Curves progress in  
approximately 10 percent of patients  
with AIS before skeletal maturity, and  
large curves (greater than 50 degrees)  
may be associated with adverse  
health outcomes. 
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Following the completion of this article, the 
reader should be able to:

1.	 Define idiopathic scoliosis.

2. Understand how growth is important in  
the prognosis of curve progression.

3. Learn valuable non-operative options  
that help manage curve progression.

learning objectives

Adolescent idiopathic 
scoliosis accounts for 
about 90 percent of 
the idiopathic forms of 
scoliosis. Some pieces 
of the puzzle that make 
up idiopathic scoliosis 
have been discovered, 
but not enough have 
been found to explain 
the whole picture. 
Promising links to  
vitamin D levels have 
been seen in recent 
studies performed 
internationally.3 Studies 
are underway research-
ing the genes linked 
to scoliosis,4 though 
reasons why some 
individuals develop it 
and others do not are 
unknown.

The curves in adoles-
cent idiopathic scoliosis 
have the highest po-
tential of progression 
at the peak of adoles-
cent growth velocity. In 

females this peak  
growth velocity  
typically occurs just  
before menarche.  
There are radiograph-
ic signs that can help 
physicians estimate 
where adolescents are 
on the pubertal growth 
velocity curve, such as 
the closure of the tri-
radiate cartilage in the 
pelvis, the Risser stag-
ing of the iliac crest, 
or a bone-age hand 
X-ray. The onset of 
the adolescent growth 
spurt is around age 11 
in females and age 13 
in males. Peak growth 
velocity usually occurs 
between the closure of 
the triradiate cartilage 
and before Risser stage 
I. On average, this is 
around age 13 in  
females and age  
15 in males.

table 1. Types of  
scoliosis.5

type	 age

Infantile	 < 4

Juvenile	 4-10 	
	 years

Adolescent	 11-17 	
	 years

table 2. Prevalence and female-to-male ratio of 
different curve magnitudes in AIS. 

	 curve	 prevalence	 female: 
		  (percent)	 male ratio

	 11°–20°	 1.5–3	 1.4:1

	 21°–40°	 0.2–0.5	 2.8–5.4:1

	 >40°	 0.04–0.3	 7.2:1

figure 1.  Risser grade. 

During this time of  
rapid growth, it is  
important to monitor 
the curve magnitude 
closely. This requires 
X-rays of the spine  
every four to six 
months to look for 
signs of progression. 
As part of the scoliosis 
X-rays, the pelvis can 
also often be seen and 
help assess skeletal 
maturity. 

Only about 10 percent 
of those diagnosed 
with adolescent  
idiopathic scoliosis 
will require some form 
of treatment. Bracing 
treatment is indicated 
in curves that are  
between 25 to 30 
degrees with signs of 
significant growth  
remaining, or if there 
are signs of rapid  
progression or strong 
family history. Good 
prognostic signs  
include curve  
magnitudes less  

than 20 degrees and 
advanced skeletal  
maturity (Risser stage 
≥2). Females have a 
higher risk of their 
curves progressing to 
30 degrees or more. 
When curves are  
approaching 30  
degrees and the Risser 
stage is 3 or less, most 
surgeons will initiate 
bracing treatment. 

A variety of braces  
are used. The most 
common forms in use 
in the United States 
can be classified as  
full-time braces  
(Boston and Wilming-
ton) or nighttime brac-
es (Charleston or  
Providence). Full-time 
braces are designed 
to be used through-
out the day in stand-
ing, sitting or supine 
postures; they can be 
prescribed anywhere 
from 13 to 23 hours a 
day. Nighttime braces 
aggressively bend the 

1

2 3 4 5

open fused



12

spine and are designed 
for use in a recumbent 
position for about 10 
hours at night. The goal 
of bracing treatment is 
not to correct or cure 
the scoliosis, but to halt 
further progression. 
Several studies have 
confirmed the efficacy 
of bracing for reduc-
ing the progression 
of high-risk curves.6,7,8 
A recent prospective 
study from Europe 
combining exercises 
with bracing demon-
strated better results 
than bracing alone.9 It 
is important to inform 
patients and families 
that the patient’s curve 
at the initiation of brac-
ing is likely to be the 
curve they will contin-
ue to have even if the 
treatment is successful. 
Exercise programs can 
be implemented along 
with bracing that may 
help improve flexibility, 
comfort and compli-
ance with the overall 
treatment plan. These 
are discussed below.

The overall goal of 
non-operative thera-
pies is to prevent the 
curve or curves from 
progression to greater 
than 45 to 50 degrees. 
Most surgeons will  
begin discussing  
surgery when curves 
reach this magnitude. 
Studies on the natural 
history of idiopathic 
scoliosis have shown 
that curves with  
severe magnitudes 
greater than 45 to  
50 degrees can prog-
ress. Large-magnitude 
curves continue to 

progress by about 0.5 
to 2 degrees per year, 
even after skeletal  
maturity.10,11 The primary 
medical concern with 
further curve progres-
sion into adulthood is 
that pulmonary func-
tion can be affected in 
curves greater than 80 
degrees. Adults with 
these severe curve 
magnitudes do have 
slightly higher rates of 
reported back pain and 
associated disability.

Surgery involves the 
use of metal screws 
that are inserted into 
the bones of the spine 
and then connected to 
strong metal rods that 
help hold the spine in a 
corrected position. The 
surgeon will correct 
the spinal alignment 
to an optimal position, 
often resulting in a 
1- to 2-inch increase in 
height for the patient. 
The surgical procedure 
also involves tech-
niques that help stimu-
late fusion of the bones 
of the spine. Typically,  
6 to 18 months  
following posterior  
spinal fusion (PSF),  
the bones of the spine 
involved with the  
surgery will have  
fused into one long 
bone that will maintain 
the corrected position. 

Post-operative proto-
cols vary. At Dayton 
Children’s, patients may 
begin physical therapy 
and return to school 
within three to four 
weeks. Under the guid-
ance of experienced 
staff, they can begin 

figure 2a. Mandy Duman, DPT demonstrates an 
example of a full-time brace.

figure 2b. Here she 
demonstrates an  
example of a nighttime 
brace designed to be 
worn lying down.

low-impact sporting 
activities such as biking 
at four months, and 
then full athletic  
activity after six 
months.

scoliosis and exercise

Physical therapists have 
long known the bene-
fits of exercise. Improv-
ing flexibility, strength, 
coordination, balance 
and aesthetics while 
also reducing pain are 
both short- and long-
term patient goals. Our 
European colleagues 
have embraced the 
concept of Physiother-
apeutic Scoliosis-Spe-
cific Exercises (PSSE) 
as an essential part of 
the treatment of AIS. 
The United States has 
been slow to adopt 
this approach as phys-
ical therapists require 
specialized training to 
effectively evaluate and 
treat scoliosis.

There are several differ-
ent exercise protocols 
that have been utilized 
in the treatment of sco-
liosis including Schroth, 
Scientific Exercise 
Approach to Scoliosis 
(SEAS) and Pilates ex-
ercise (PE). A system-
atic review performed 

in 2014 demonstrated 
that PE was effective in 
reducing low back pain 
in addition to  demon-
strating improved flexi-
bility, dynamic balance 
and enhanced muscular 
endurance.12

Scolio-Pilates® is a 
specialized treatment 
approach developed 
by Karena Thek, who 
lectures internationally 
on the topic and has 
developed a compre-
hensive exercise pro-
gram that incorporates 
many of the principles 
of exercise and scolio-
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sis that have emerged  
recently from Europe 
and the Society on  
Scoliosis Orthopaedic 
Rehabilitation and  
Treatment (SOSORT) 
consortium.13 Dayton 
Children’s is the first 
hospital to receive 
training and adapt a 
specialized treatment 
approach for all  
scoliosis patients. The  
team of orthopaedic 
rehabilitation therapists 
received training  
last summer in this 
approach with three of 
the physical therapists 
currently involved in 
case studies and further 
intensive training. PSSE 
are not traditionally part 
of the physical therapy 
undergraduate or grad-
uate curriculum and the 
approach requires spe-
cialized training to be 
used effectively. Several 
studies from Europe, 
with level I evidence,  
support exercise as 
playing an important 
role in the conservative 
treatment of AIS.14 

AIS can be challenging 
to assess and treat from 
a physical therapist’s 
perspective and requires 
close communication 
between the spine 
specialist and therapist. 
Unlike most of the con-
ditions that therapists 
treat that are two- 
dimensional, scoliosis 
occurs in a three- 
dimensional framework 
involving the coronal, 
sagittal and horizontal 
planes. The physical 
therapist works closely 
with the growing  
adolescent to improve 
their proprioception, 
aesthetics and core 
strength.

While the level of  
evidence for conserva-
tive treatment of AIS is 
not high due to lack of 
randomized control tri-
als and strong outcome 
measures,15 there are 
many benefits to  
the use of scoliosis- 
specific exercise. Many 
patients are currently 
not receiving any treat-
ment as they fall under 
the “wait and see” cate-

figure 3. Pre-operative scoliosis curve and the 
correction obtained post-operatively with the rods 
and instruments used to hold the correction.

figure 4. Scolio-Pilates approach using reformer.

gory, but would benefit 
from postural retraining, 
core strengthening, 
breathing education and 
relief as needed. Since 
beginning the Scolio- 
Pilates® program at  
Dayton Children’s in 
September 2017, over 
200 patients have used 
this approach. The goal 
is to provide every pa-
tient with optimal care 
and support with our 
comprehensive ap-

figure 5. Scolio-Pilates approach using wedge.

proach to scoliosis.  
A new orthopaedic/ 
rehabilitation office in 
Troy will open in 2018.

The Scolio-Pilates®  
program is a three- 
dimensional exercise 
program, tailored to 
the individual and their 
specific spinal curve, as 
a proactive treatment 
during observation and 
bracing phases.  
Exercises focus on  



14

references 

1. Asher MA, Burton DC. 
Adolescent idiopathic 
scoliosis: Natural history 
and longer term treat-
ment effects. Scoliosis. 
2006;1:1748-1761.

2. Weinstein SL,  
Dolan LA, Cheng JC, 
Danielsson A, Morcu-
ende JA. Adolescent 
idiopathic scoliosis.  
Lancet. 2008;371: 
1527-1537.

3. Balioglu MD, Aydin C, 
Kargin D, et al. Vitamin- 
D measurement inpa-
tients with adolescent 

idiopathic scoliosis.  
J Pediatr Orthop B. 2017 
Jan;26(1):48-52.

4. Xu L, Huang S, Qin X, 
et al. Investigation of  
the 53 markers in a 
DNA-based prognostic  
test revealing new  
predisposition genes for 
adolescent idiopathic 
scoliosis. Spine  
(Phila Pa 1976). 2015 
Jul;40(14):1086-91.

5. Konieczny MR, 
Senyurt H, Krauspe R.  
Epidemiology of  
adolescent idiopathic  
scoliosis. J Child Orthop. 
2013 Feb;7(1):3-9.

spinal elongation with 
postural control,  
corrective breathing 
techniques, correc-
tive spinal positioning 
toward neutral, and 
strengthening within 
those corrective  
positions. Patients work 
directly with physical 
therapists throughout 
the program, starting off 
weekly, then progressing 

to monthly maintenance 
as they are being mon-
itored by orthopaedic 
surgeons. Benefits may 
include improved  
postural awareness,  
pain reduction, im-
proved tissue symmetry, 
improved endurance 
and activity tolerance, 
increased strength and 
mobility, and improved 
breathing capacity.14  

figure 6. Scolio-Pilates approach –  
side lying exercises.

figure 7. Scolio-Pilates approach using wall bars.

The goal is to establish 
independence with the 
patient, so that they 
may perform these 
postural corrections 
throughout their day,  

every day. Over time, 
they will be able to 
maintain their own  
spine neutral in static 
and dynamic positions.

6. Weinstein SL, Dolan 
LA, Wright JG, Dobbs 
MB. Effects of bracing  
in adolescents with  
idiopathic scoliosis.  
N Engl J Med. 
2013;369(16):1512-1521.

7. Bowen JR, Keeler KA, 
Pelegie S. Adolescent 
idiopathic scoliosis  
managed by a nighttime 
bending brace.  
Orthopedics. 2001 
Oct;24(10):967-970.

8. Wiley JW, Thomson 
JD, Mitchell TM, Smith  
BG, Banta JV. Effec-
tiveness of the Boston 

brace in treatment of 
large curves in  
adolescent idiopathic 
scoliosis. Spine  
(Phila Pa 1976). 2000 
Sep;25(18):2326-2332.

9. Rożek K, Potaczek 
T, Zarzycka M, Lipik E, 
Jasiewicz B. Effective-
ness of treatment of 
idiopathic scoliosis by 
SpineCor Dynamic  
Bracing with special 
physiotherapy  
programme in  
SpineCor System.  
Ortop Traumatol  
Rehabil. 2016 Oct;18(5): 
425-434.



15

CME questions

4.	Bracing is typically 
used when an 
adolescent presents 
with significant 
growth remaining 
and a Cobb angle:

a.	<10 degrees

b.	10 to 20 degrees 

c.	25 to 30 degrees

d.	> 50 degrees

5.	Orthopaedic 
surgeons estimate 
pubertal growth 
velocity curve using:

a.	Risser staging of the 
Iliac crest

b.	Closure of the 
triradiate cartilage in 
the pelvis

c.	Bone-age hand X-rays

d.	All of the above

6.	Patients typically 
return to school/
activities of daily 
living (ADLs) and 
begin physical 
therapy _____ 
following posterior 
spinal fusion:

a.	2 weeks

b.	4 weeks

c.	8 weeks

d.	6 months

7.	Physiotherapeutic-
Scoliosis Specific 
Exercises (PSSE) play 
an important role 
in the conservative 
management of 
scoliosis and are 
supported with  
level 1 evidence:

a.	True

b.	False
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