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Abstract
Adolescent idiopathic scoliosis is considered as the most common type of scoliosis. A 13-year-old female complained of bilateral 
leg pain, left > right, and severe headache. She was referred to an orthopaedic physical therapy clinic. Spinal X-ray revealed 
right thoracolumbar scoliosis with Cobb angle of about 48°. The primary curve was in the lumbar vertebrae, directed to the left, 
and the secondary curve was in the thoracic vertebrae, directed to the right. Two surgeons recommended corrective surgery, 
while one recommended physiotherapy for 6 months. The third surgical opinion was based on magnetic resonance imaging 
that presented normal cervical spine, mild scoliotic deformity of lower dorsal vertebrae with right-sided convexity and of lumbar 
vertebrae with left-sided convexity, L4–5 broad based posterior and left posterolateral disc protrusion, and L5–S1 mild central 
posterior disc protrusion. At the final evaluation after 18 months of a corrective exercise program, the patient reported no symp-
toms at rest or with exercises. The improvement was evidenced by Cobb angle change from 48° to 21°, pelvic shift, and general 
spinal flexibility and strength. The current case report describes a specific corrective exercise protocol adapted to a case of 
adolescent idiopathic scoliosis that presented with bilateral leg pain.
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Introduction

Scoliosis is considered as a group of conditions associ-
ated with variable changes in the shape and position of the 
spine, thorax, and trunk [1]. It is characterized by the pres-
ence of a lateral curvature of the vertebral column in the 
coronal plane [2]. Scoliosis may be structural or functional. 
In structural scoliosis, the coronal plane curvature cannot 
be corrected by ipsilateral forward bending owing to the 
presence of a 3-dimensional deformity involving all planes. 
In turn, functional scoliosis becomes completely corrected 
upon forward trunk bending [2, 3]. The term ‘idiopathic sco-
liosis’ is used to describe structural scoliosis that is not as-
sociated with any specific disease causing spinal deforma-
tion [4]. Idiopathic scoliosis is further classified depending 
on the age of onset into infantile (up to 2 years), juvenile 
(3–9 years), and adolescent (  10 years). Adolescent idio-
pathic scoliosis (AIS) is the most common type of scoliosis, 
accounting for 80–85% of scoliosis cases [5].

The clinical features of AIS include asymmetry recog-
nized by a scapular prominence and a rib hump upon for-
ward bending. The patients frequently complain of backache 
and fatigue with minimal activity. The standard imaging mo-
dality used to diagnose structural scoliosis is plain X-ray. It 
enables an objective localization and measurement of ver-
tebral, rib, and pelvic deformities and further assess the ef-
ficiency of any conservative or surgical intervention [2].

In rehabilitation medicine, randomized controlled trials are 
somehow difficult to conduct because of problems in col-
lecting a homogenous large sample to increase the power of 

the study. Furthermore, it is often challenging to find a suitable 
placebo intervention owing to both ethical and practical rea-
sons. Moreover, it is usually hard to differentiate between the 
specific effect of exercise intervention and the therapeutic 
effect of the relationship between the patient and the thera-
pist, which may be modified by the therapist’s experience 
and faith in the applied therapeutic technique. Finally, it is 
always impossible to perform a double-blind study in reha-
bilitation research. On the other hand, performing good qual-
ity studies in not impossible; in fact, the Cochrane Library 
contains many systematic reviews on various rehabilitative 
interventions, which include randomized controlled trials of 
acceptable quality that try to overcome the previously men-
tioned difficulties [6].

The use of physical therapy as a conservative treatment 
for AIS is probably not broadly recommended by orthopaedic 
surgeons. A survey was conducted to screen the attitudes 
of the Scoliosis Research Society members toward physi-
cal therapy or physiotherapeutic scoliosis-specific exercis-
es (PSSE) applied in AIS. The majority of the respondents 
(about 263) prescribed neither physical therapy nor PSSE; 
their main reasons were lack of evidence and the sense that 
physical therapy had no value in these cases. Only 22% of 
the surgeons supported prescribing PSSE for AIS [7]. Cor-
rective exercises are among the most common physical 
therapy interventions to treat AIS. Zapata et al. [8] used cor-
rective exercises in cases of AIS. A year after the exercises, 
they found a significant improvement of Cobb angle com-
pared with relaxed standing for the primary lumbar curve. 
They ascribe this observation to the improvement of spinal 
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flexibility and mobility. On the other hand, no immediate im-
provement was demonstrated, which indicates that appro-
priate time is needed to achieve the required spinal results [8].

The purpose of the current case report is to present an 
effective treatment plan for a 13-year-old female patient who 
suffered from bilateral leg pain associated with AIS with Cobb 
angle of 48° and sought for a chance of physical therapy for 
6 months as an attempt to correct the deformity and avoid 
operative intervention.

The patient started physical therapy treatment in January 
2017 at the Orthopaedic Physical Therapy Clinic at the Faculty 
of Physical Therapy, Cairo University.

Ethical approval
The research related to human use has complied with all 

the relevant national regulations and institutional policies, 
has followed the tenets of the Declaration of Helsinki, and has 
been approved by the authors’ institutional review board or 
an equivalent committee.

Informed consent
The patient’s informed consent has been obtained for the 

publication of this case report.

Case description

History

A 13-year-old female patient complained of bilateral leg 
pain, left > right, and severe headache. She was referred to 
the orthopaedic outpatient physical therapy clinic. Spinal 
X-ray (Figure 1) revealed right thoracolumbar scoliosis with 
Cobb angle of about 48° in neutral position. The primary 
curve was in the lumbar vertebrae, directed to the left side, 
and the second curve was in the thoracic vertebrae, directed 
to the right side. Two surgeons recommended corrective sur-
gery, while one recommended physiotherapy for 6 months.

The third surgical opinion was based on magnetic reso-
nance imaging which presented the following:

1. Normal cervical spine.
2. Mild scoliotic deformity of lower dorsal vertebrae with 

right-sided convexity and of lumbar vertebrae with left-sided 
convexity.

3. L4–5 broad based posterior and left posterolateral disc 
protrusion.

4. L5–S1 mild central posterior disc protrusion.
The black signals at the X-ray represent gases in the colon.

Examination (0–6 months)

At the time of the initial examination, the patient reported 
bilateral knee pain and complained of cosmetic dissatisfac-
tion due to a pelvic shift. In the initial physical examination, the 
following findings were noted:

1. The pelvis severely shifted to the left.
2. Leg length discrepancy of about 2 cm right more than 

left by tape measurement.
3. Anterior tilting of the right ilium with posterior tilting of 

the left reported by palpation of anterior superior iliac spine.
4. Tight right quadratus lumborum tested by flexibility 

testing from side lying on the left side with the right lower 
limb outside the plinth downward and end feel of tightness 
before complete range of motion.

5. Tight both hamstrings tested by flexibility testing from 
supine lying with passive straight leg raising and end feel of 
tightness before complete range of motion.

Intervention (0–6 months)

In the first 6 months, the treatment program was conducted 
at a frequency of 3 sessions per week. It consisted of ther-
apeutic exercises, manual therapy, and proprioceptive train-
ing. The following items were implemented:

1. Advising the patient to use a foot insole to compen-
sate for the leg length discrepancy.

2. Infrared at the lower back for 15 minutes.
3. Stretching exercise for the right quadratus lumborum 

while the patient at her left side, upper chest rotated toward 
the plinth, left lower limb flexed more than 90° in the hip and 
knee, and the right lower limb extended outside the plinth. 
The therapist grasped at the iliac crest and pulled downward.

4. Stretching exercise for the left trunk muscles includ-
ing paraspinals, quadratus lumborum, and latissimus dorsi. 
The patient lay on her right side at the edge of the bed, plac-
ing roll at her lower ribs, while the therapist was fixating her 
lower limbs; the patient’s upper limbs were outside the plinth, 
allowing the gravity to stretch the muscles. The therapist main-
tained the alignment and applied overstretch at the lower ribs. 
The position was maintained for 20 seconds and repeated 
3 times.

5. Bilateral stretching for the hamstring muscles while the 
patient supine lying and straight leg raise start with one lower 
limb, then stretching the other, maintaining, stretching for 
20 seconds and repeating 3 times.

6. General spinal manipulation for right facets at lumbar 
vertebrae. The patient was at her left side with hips at more 
than 90° and uppermost knee flexed over the extended lower-
most one. The therapist rotated the chest and upper body to 
make the patient face the ceiling and applied a high-velocity 
low-amplitude thrust.

7. Mobilization of right ilium posteriorly and left ilium an-
teriorly.

8. Pelvic shift mobilization toward the right side. The thera-
pist stood at the right side of the patient and asked the pa-
tient to put her right arm at the therapist’s shoulder, grasped 
the pelvis of the patient with both hands, and then moved 
the pelvis from left to right.

9. Abdominal strengthening exercises started gradually 
from 2–3 sets, 10 repetitions. The patient lay supine, flexed Figure 1. Spinal X-ray revealing right thoracolumbar  

scoliosis that extends from T2–L3 with Cobb angle of 48° 
(26.08.2016)
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one knee, and extended the other to increase the core mus-
cles firing. The patient curled up till clearance of the scapulae 
while maintaining normal breathing.

10. Bridging exercises started gradually up to 3 sets, 10 
repetitions each, with 5 seconds hold. The patient was in 
crook lying position, sucked her abdomen, contracted glutei, 
then elevated her pelvis, maintained for 5 seconds, and re-
laxed.

11. After about 4 months, we started to make mobilization 
with movement for thoracic rotation with the patient sitting on 
a ball to balance her pelvis (for lower thoracic spine T10–11).

12. Anteroposterior balance training on a balance board, 
anteroposterior direction, in front of a mirror for 5 minutes 
(after 4 months).

During the first 6 months of treatment with this exercise 
program, the patient complained of leg pain only, but at the 
end of these 6 months, the leg pain improved by 60% as 
expressed by the patient. At the end of the first 6 months, 
X-ray was performed to record any changes reflected in Cobb 
angle. The angle measured about 35°, with about 13° reduc-
tion from the previous record. Furthermore, the pelvic shift 
was improved, as seen in Figure 2.

Figure 2. X-ray revealing 35° Cobb angle with improvement  
in pelvic shift

Examination (6–12 months)

The second clinical examination, performed after 6 months, 
revealed improvements in the following:

1. Pelvic shift, noted at X-ray and with inspection.
2. Flexibility of the right quadratus lumborum (with the 

same stretching position).
3. Flexibility of both hamstrings (passive straight leg raise).
4. General body balance (the patient was able to main-

tain her balance at a balance board in the anteroposterior 
direction for 5 minutes).

Intervention (6–12 months)

Thoracic rotation revealed during the second clinical as-
sessment represented the main target for correction in the 

next 6 months (6–12 months) with a frequency of 2 sessions 
per week. The treatment program used in the next 6 months 
included the following:

1. Core training exercises in the form of:
a. Abdominal exercises (3 sets, 10 repetitions each).
b. Bridging exercises (3 sets, 10 repetitions each, with 

5-second hold).
c. Half-bridging exercise (1 set, 10 repetitions on each side) 

with the patient in crook lying position with one lower limb 
flexed and the other extended. The patient was advised to 
contract lower abdomen and glutei, then raise her pelvis and 
extend the lower limb.

d. Plank exercise (1 set, 10 repetitions, with 5-second 
hold). The patient lay prone on her elbows and toes, then el-
evated her body weight on 4 points: both elbows and tip toes, 
maintaining the back straight for 5 seconds.

e. Side plank exercises (1 set, 10 repetitions, with 5-sec-
ond hold on each side). The patient was side lying, flexed her 
knees to 90°, maintained the whole body in one line, supported 
her body at her elbow and knee while raising the pelvis.

2. Bilateral stretching exercises for hamstring muscles 
to maintain their flexibility.

3. Manipulation bilaterally at lumbar vertebrae to main-
tain lumbar mobility.

4. Posterior manipulation at the right ilium. From supine 
lying, the therapist passively elevated the patient’s right 
lower limb up to 45°, with hip flexion and full internal rota-
tion to lock the hip joint, and provided a low-amplitude pulling 
thrust and anterior manipulation at the left ilium. With the 
patient in supine lying position, the therapist grasped just 
above the ankle, elevated the left lower limb till 10°, and 
internally rotated the hip, then applied a high-velocity low-
amplitude thrust.

5. While sitting on ball, bilateral shoulder extension ex-
ercise with the use of an elastic band (3 sets, 10 repetitions 
each, with 5-second hold). The patient was sitting on a Swiss 
ball. In front of a wall bar, she was instructed to maintain 
her pelvis levelled. The therapist used a medium resistance 
green elastic band at the wall bar above the patient’s shoulder 
level, then the patient was instructed to bilaterally extend her 
upper limbs while the back was erect.

6. While sitting on a ball, thoracic rotation toward the left 
side with an elastic band (3 sets, 10 repetitions each). The 
patient was sitting on a Swiss ball, the wall bar was at her 
right side, and a medium resistance elastic band was at her 
shoulder level. The patient was asked to grasp the elastic 
band while her both shoulders remained at 90° flexion, 
then rotate toward the left side against resistance.

7. Balance training on a balance board in anteroposterior 
and mediolateral directions for about 5 minutes in each di-
rection in front of a mirror. The therapist stood at a side of 
the patient to give her instructions to maintain her balance 
and for the patient’s safety. The exercise was graded from 
open eyes to closed eyes and from wide base of support to 
narrow base of support.

8. Mobilization for pelvic shift toward the right side.
9. Gait training exercises on a treadmill for 10 minutes 

to improve posture and cardiovascular fitness (speed level: 
from 5 to 7). The patient was instructed to maintain her 
back straight and give the same timing for both lower limbs.

Examination (12–18 months)

At the end of the next 6 months, another X-ray was per-
formed, which revealed improvement in the following:

1. Cobb angle decrease to 22°.
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2. The position of iliac bone and pelvic shift.
3. Dorsolumbar rotation (this improvement was compen-

sated by cervical region, especially atlanto-occipital joint 
and head shift toward the right side, as seen in Figure 3).

4. No complaining of headache.

Intervention (12–18 months)

The treatment protocol in the next 6 months (12–18 months) 
was the same as in the previous 6 months, with the addi-
tion of the following:

1. Cervical spine manipulation. The patient was supine 
lying and her head outside the plinth, while the cervical spine 
at neutral position. The therapist side-bent the head of the 
patient to the end of range and rotated till the end-feel, then 
applied a high-velocity low-amplitude thrust bilaterally.

2. Manual correction of the cervical spine for head shift. 
The patient lay supine with the head outside the plinth. The 
therapist stabilized the head by one hand and the other hand 
grasped the cervical spine, mobilizing it from left to right.

3. Bilateral stretching for both sides of the neck. Upper 
trapezius and scalene stretching. The therapist side-bent 
the head of the patient till the spring end-feel, then main-
tained the stretch for 15 seconds.

4. Training at a multidirectional balance board (circle bal-
ance board) in front of a mirror, graded from a squared balance 
board to a circle one.

5. Gait training on a treadmill for 20 minutes, with a grad-
ual increase to 30 minutes.

6. Mini-squat exercises with a roll behind the upper back 
to remain erect. The patient slid her back on the roll during 
the mini-squats.

7. Strengthening exercises for hip abductors and exter-
nal rotators with the use of an elastic band attached above 
the knee and side-walking with mini-squats.

At the end of the treatment period (after 18 months), ad-
ditional X-ray was performed and revealed an improvement 
in Cobb angle by only 1° to reach 21°. Cervical compensa-
tion was further improved and flattening of the lumbar curve 
was observed, as seen in Figure 4.

Discussion

The most commonly used physical therapy intervention 
for the treatment of AIS is manipulation with exercises. There-
fore, the current approach in the case report focused on ma-
nipulation with corrective exercises and reflected a reduc-
tion in Cobb angle, monitored 3 times during the treatment. 
The initial Cobb angle, measured before the treatment, was 
48° and reduced to 21° after 18 months of manipulation with 
exercise. The improvement was reflected in the dorsolumbar 
rotation, as demonstrated in routine X-ray, and pelvic shift 
reduction. The overall flexibility and strength of trunk and leg 
muscles improved. Furthermore, the active ability to correct 
and maintain the corrected position of the spine improved 
at the end of the follow-up period, which helps to preserve 
the reported mechanical improvements. The patient’s com-
plains of headache and poor back shapes disappeared at 
the second follow-up period, after 12 months. The program 
of treatment was individualized on the basis of the result of 
the initial physical examination and followed up during the 
total period of intervention.

A previous study showed the effectiveness of PSSE to 
avoid failure and reduce the need for bracing with minor 
Cobb angle < 25°. The applied exercise program improved 
Cobb angle by 5.3° at skeletal maturity [9]. Furthermore, 
a supervised physical therapy program for 8 weeks in the 
form of spinal stabilization exercise was found effective in 
reducing low back pain and improving function in patients 
with AIS as measured by the Numeric Pain Rating Scale 
and the Patient-Specific Functional Scale scores, respec-
tively [10].

Cobb angle reduction was associated with disappearance 
of sagittal plane curvature of the spine, as seen in Figure 4. 
The normal kyphotic and lordotic curves of the spine in the 
sagittal plane help to distribute the overall weight over the 
vertebral segments and increase the shock absorbing capacity 
of the spine. Absence of these normal curves disturbs the 
normal distribution of forces over the spine and lower ex-
tremities and predisposes to overuse injuries. The current 
observation of minimized sagittal plane curves may be ex-

Figure 3. Improvement in Cobb angle (22°) after 12 months  
of the physical therapy program Figure 4. X-ray after 18 months of the physical therapy treatment
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plained in the sight of scoliotic deformity. The failure of sagit-
tal plane curvature development during growth may be re-
flected by a frontal plane curvature appearing in idiopathic 
scoliosis. Until now, there is no more than a narrative re-
view reporting this relation of sagittal plane vertebral shape 
with frontal plane deformation observed in scoliosis. An em-
phasis was put on the biomechanics and biology of vertebral 
shape during growth to explore the cause of spinal scoliosis 
development [3]. A relation may exist between sagittal and 
frontal plane curves, which may explain the reason for idio-
pathic scoliosis; the issue needs further research with a com-
prehensive biomechanical follow-up since birth until maturity.

Schreiber et al. [11] studied the effect of Schroth exer-
cise combined with a standard physical therapy program in 
AIS. The follow-up continued to 12 months and revealed im-
provements regardless changes in Cobb angle. A further work 
studied the combined effect of adding Schroth exercise to 
inside brace in cases of AIS. Schroth exercises with brac-
ing were found more effective than bracing alone in improv-
ing Cobb angle and trunk rotation [12]. A similar result was 
obtained by adding Schroth exercise to standard care of pa-
tient with AIS [13]. Improvements were also observed in terms 
of pain scores and back muscle endurance after 3 months 
of Schroth exercises [14].

Direct physical therapy intervention is extremely impor-
tant and found superior to prescribed home programs with 
minimal visits. Supervised exercise intervention turns out 
more effective than only one treatment in reducing pain and 
improves function in low back pain associated with AIS [10, 
15]. The close observation and assessment during treat-
ment help to explain the source of biomechanical faults and to 
correct and minimize their consequences. During the pro-
gression of treatment, the weekly visits may be minimized, 
and a home program is more emphasized with regular re-
assessment to follow curve progression, as currently used 
in the case report.

The benefit of exercise intervention in cases of AIS ex-
tends to prevention of curve progression in several published 
reports [16]. Exercises successfully stopped the progres-
sion of scoliotic curve by more than 5° in Cobb angle com-
pared with the control group without exercise intervention. 
The results supported the evidence of a beneficial effect of 
PSSE for AIS with mild curves during the period of growth 
before skeletal maturity [17]. These findings are in line with 
the growing evidence of the benefit of an early specific exer-
cise intervention to decrease curve progression in mild (< 20° 
Cobb angle) growing AIS as reported by recent guidelines [1]. 
Further research emphasized the beneficial effect of adding 
orthotics to specific exercises in cases of AIS. Improvements 
were observed in respiratory function and back muscle en-
durance [18].

Reports imply that the main problem of vertebral rotation 
associated with AIS may be greatly associated with a muscle 
strength problem. The recorded myoelectric activity of muscles 
revealed asymmetry between both trunk sides. The asymmetry 
was corrected by using strengthening exercises; improve-
ment was found in 12 female subjects with growing AIS [19]. 
Further reports explored the relation between AIS and the 
strength of trunk muscles. No rotational strength asymme-
try was observed at baseline before supervised strengthen-
ing training intervention. The training program extended for 
4 months proved ineffective in controlling AIS curves [20].

A recent randomized controlled trial compared the effec-
tiveness of bracing versus exercises on Cobb angle in cas-
es of AIS. The conclusion was that bracing and exercises 
showed similar effectiveness in patients with AIS. Bracing 

was found superior to correct the spinal deformity, while exer-
cises were more efficient from the functional and psycho-
logical perspectives [21]. Furthermore, the choice of bracing 
must be individualized in accordance with the severity of 
deformity and patient’s personality [22].

Although the literature is very rich with clinical studies 
exploring the effect of specific exercises on curve progres-
sion and severity, there is a lack of high-quality evidence to 
recommended their effectiveness for AIS patients [23]. Fur-
ther high-quality studies are needed to support the efficiency 
of exercise intervention in those cases [22]. Nevertheless, 
moderate evidence comes from a recent meta-analysis on 
the effectiveness of exercises in reducing Cobb angle, angle 
of rotation, thoracic kyphosis, and lumbar lordosis. Further-
more, there is low-quality evidence that exercises reduced 
the average lateral deviation of the trunk. Additionally, mod-
erate-quality evidence supports the role of exercises in im-
proving quality of life in patients with AIS [24].

Finally, basic body awareness therapy was found ex-
tremely important for managing patients with AIS. Adding 
body awareness therapy to bracing improved scoliosis in 
terms of curve magnitude, trunk deformity, and postural de-
viations [25]. Core stabilization exercise was used in the 
current work to increase the patient’s ability to actively con-
trol and correct the spinal deformity associated with AIS. 
Further studies supported its effectiveness in reducing rota-
tion deformity and pain. It was proved superior to traditional 
exercises in conservative rehabilitation of AIS patients. There-
fore, it is particularly recommended to add stabilization ex-
ercises to the current protocol of exercises for patients with 
AIS [26].
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