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Adolescent Idiopathic Scoliosis: Males Versus Females
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Background: Treatment of adolescent idiopathic scoliosis (AIS) is one of the most challenging problems for spine surgeons. Although it 
has been previously demonstrated that curve pattern in AIS is different between males and females, there are, however, limited studies 
specially focused on the differences of AIS characteristics between the two genders.
Objectives: In current study, we compared the demographics and curve patterns in male and female patients with AIS.
Patients and Methods: A total of 68 girls and 17 boys with AIS were included in this cross-sectional study. The magnitude of curvature, 
thoracic kyphosis, flexibility and pattern of the deformity were measured on x-rays and compared between the two genders.
Results: Although girls were significantly younger (15.3 ± 2.5 versus 16.7 ± 2.1 years; P = 0.036), however, the Risser sign was the same. Most of 
the males were hypokyphotic (70.6%), while most of the girls had normal thoracic kyphosis (69.1%) (P = 0.001). The main scoliotic curve (77.2 
± 18.2 versus 59.6 ± 18.6 degrees) and flexibility (25.5% ± 18.2% versus 41.9% ± 18.6%) were significantly greater and lower in males, respectively 
(P < 0.05). The typical AIS pattern was present in 64.7% of boys and 95.6% of girls (P < 0.001).
Conclusions: The radiographic characteristics of AIS are substantially different between genders. In male patients, AIS is more severe and 
rigid compared to females. Also, hypokyphosis and atypical pattern of AIS are common findings in males compared to females.
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1. Background
Idiopathic scoliosis is a complicated three dimensional 

deformity and the most common spinal deformity (1). 
Adolescent idiopathic scoliosis (AIS) is the most com-
mon form of idiopathic scoliosis (over 80%) with an on-
set at puberty and female predominance (2-5). The report 
published by National Scoliosis Foundation in 2006 and 
previous studies had shown that 1 - 3% of school children 
suffer from AIS (6).

It has been demonstrated in previous studies that there 
are several differences between males and females with 
AIS. Although males and females are equally affected by 
mild AIS, however, the severe deformity is more prevalent 
in girls (2, 7-10). The progression of deformity stops when 
iliac epiphysis ossifies in girls. However, in boys, usu-
ally the curve increases until complete skeletal maturity 
(Risser V) (11, 12). The literature shows that outcomes of 
treatment are considerably different between girls and 
boys (12-18). Furthermore, the sexual differences can influ-
ence the extent at which deformity impacts the quality of 
life and self-image, which is shown by using the Scoliosis 
Research Society questionnaire (19). To our knowledge, in 
spite of extensive investigations regarding AIS, there are 
limited studies comparing the curve pattern and demo-
graphics between males and females with AIS (20).

2. Objectives
In the current study, we compared the curve pattern 

and demographic characteristics between Iranian male 
and female patients.

3. Patients and Methods
The study protocol was approved by the ethic board of 

our institution. Between 2010 and 2012, there were 93 
consecutive patients with AIS admitted to Shafa Yahyaian 
Hospital, Tehran, Iran and participated in the current 
cross-sectional study. Patients with previous history of 
surgical treatment, other types of scoliosis, skeletal dys-
plasia, neuromuscular disorders, endocrine disorders or 
soft tissue diseases were excluded. Six patients were ex-
cluded and the remaining patients underwent physical 
and radiographic evaluation. Parents were asked to sign 
the informed consent for participation.

After physical assessment, plain radiography in stand-
ing posteroanterior (PA) and lateral views and anterior 
bending PA view were performed. For lateral x-rays, the 
patient was asked to bend anteriorly (45 degrees) and 
completely flex the elbow (21). The magnitude of coronal 
curve was measured using Cobb’s method. The flexibility 
of the deformity was calculated by the below formula 
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and presented as percentage:
(The magnitude of coronal curve in standing PA x-ray - 

the magnitude of coronal curve in anterior bending PA 
x-ray / the magnitude of coronal curve in standing PA x-
ray) × 100.

Also, thoracic kyphosis (TK) was measured using Cobb's 
method in the sagittal plane. Patients were divided into 
three groups, based on the magnitude of TK: hypoky-
phosis (TK ≤ 10 degrees), normal (TK between 10 - 40 de-
grees) and hyperkyphosis (TK ≥ 40 degrees). Magnetic 
resonance imaging was performed for patients who re-
quired surgical intervention and patients with abnormal 
superficial abdominal reflexes (22, 23) and atypical curve 
pattern (24-26). Two patients were excluded due to the 
presence of an abnormal neuronal axis, based on MRI.

The location and direction of the coronal curve were re-
corded (27). On standing PA x-rays, the curve at which the 
apex passed through the central vertical sacral line was 
considered as the main scoliotic curve and classified based 
on the location of the apical vertebra or apical disk space.

In the current study, the curves were classified as below:
- Upper thoracic (curve between T1 and T5 or T6, associ-

ated with a right or left T1 tilt, or elevation of first or sec-
ond rib and tilt of the shoulder into the concave side of 
the upper curve);

- Thoracic (apex between T2 and T11);
- Thoracolumbar (apex at T12, the T12-L1 disc or L1);
- Lumbar (apex at or below L1-L2 disc space).
Regarding the previous classifications for AIS (28) and 

scoliosis related neuronal axis abnormality (24, 25), the 
main scoliotic curves were divided into two typical and 
atypical groups. The typical group included:

- The right thoracic curve;
- The right thoracic/left thoracolumbar curve;
- The right thoracic/left lumbar curve;
- The thoracolumbar curve;
- The lumbar curve.
Also, the atypical curve patterns included:
- The left thoracic curve; 
- The left thoracic/right lumbar curve;
- The left thoracic/right thoracolumbar curve;
- The right and left double thoracic curve;
- The right long thoracic (King IV) curve;
- The right and left triple curve;
- The quadruple curve. 
Between typical curves, if the below patterns were pres-

ent, the deformity was considered as AIS with typical fea-
ture (based on the location of the apex and typical level) 

(25, 26):
- The right thoracic curve (T5 - 6 to T11 - 12, apex T7 - 8);
- The right thoracic/left thoracolumbar curve [King 1 

(right thoracic: T4 - 6 toT11, apex T8; left thoracolumbar 
T11 to L3 - 4, apex L2), KingII (right thoracic: T5 to T11, apex 
T9; left thoracolumbar T11 - L4, apex L2)];

- The right thoracic/left lumbar curve (right thoracic T3 - 
T5 to T10, apexT4 - T5; left lumbar T10 - L3, apex L1);

- The thoracolumbar curve (T9 - T10 to L3, apex T12 - L1);
- The lumbar curve (T12 - L4, apex L2).
Other cases of typical scoliosis that had no typical fea-

ture were considered as AIS with atypical feature.
The statistical analysis was performed with the statisti-

cal software SPSS version 15 (SPPS Inc., Chicago, IL, USA). 
Quantitative data were compared between males and 
females using independent samples t-test or Mann-Whit-
ney U test. The Quantitative data were compared utilizing 
chi-square test or Fisher’s exact test. A P < 0.05 was con-
sidered significant.

4. Results
Eighty five patients aged 15.6 ± 2.5 years (range: 12 - 20 

years) completed the study. There were 17 males (20%) and 
68 females (80%). The male patients were significantly 
older (15.3 ± 2.5 versus 16.7 ± 2.1; P = 0.036). However, the 
Risser signs of the two groups did not differ significantly 
(P = 0.929). Most of the males were hypokyphotic (70.6%), 
while most of the girls had normal TK (69.1%) (P = 0.001). 
Table 1 compares the magnitude of main scoliotic curve, 
the magnitude of the curve in anterior bending and the 
flexibility of the curve between girls and boys, showing 
that deformity and flexibility are significantly more se-
vere and situated lower in boys, respectively.

Most of the patients of two groups had typical pattern 
of AIS (64.7% in males, versus 95.6% in females) and the dif-
ference was statistically significant (P < 0.001). Tables 2 
and 3 represent the frequency of typical and atypical pat-
tern of AIS in the two groups. As shown, most of the pa-
tients had right thoracic curve (63.6% of males and 53.8% 
of females) followed by right thoracic/left lumbar pattern 
in the girls group (23.1%). In term of type of deformity, the 
difference between the two groups was not significant (P 
> 0.05). Between patients with typical deformity, there 
were only 11 patients with atypical feature, including nine 
girls and two boys (P = 0.656). The frequency of typical 
features between patients with typical pattern of AIS is 
presented in Table 4, revealing no significant difference 
between girls and boys (P = 0.729).

Table 1. Comparing the Curve Magnitude in Standing and Anterior Bending Postures and the Flexibility of the Curve Between Males 
and Females

Group Males (N = 17) Females (N = 68) P Value

Curve magnitude in standing posture (degree) 77.2 ± 18.2 (42 ‒ 104) 59.6 ± 18.6 (32 ‒ 120) 0.002

Curve magnitude in anterior bending posture (degree) 58.4 ± 20.7 (18 ‒ 90) 36 ± 19 (8 ‒ 100) < 0.001

Flexibility (%) 25.5 ± 18.2 (2.2 ‒ 64) 41.9 ± 18.6 (4 ‒ 81) 0.002
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Table 2. The Frequency of Typical Patterns in Males and Females

Type of Typical Deformity Males (N = 11) Females (N = 65) Total

Right thoracic 7 35 42

Right thoracic/left thoracolumbar 1 3 4

Right thoracic/left lumbar 1 15 16

Thoracolumbar 2 8 10

Lumbar 0 4 4

Total 11 65 76

Table 3. The Frequency of Atypical Patterns in Males and Females

Type of Atypical Deformity Males (N = 6) Females (N = 3) Total

Left thoracic 1 1 2

Left thoracic/ right lumbar 0 1 1

Left thoracic/ right thoracolumbar 0 0 0

Right and left double thoracic 3 1 4

Right long thoracic (King IV) 0 0 0

Right long triple curve pattern 1 1 2

Right long quadruple curve pattern 0 0 0

Total 6 3 9

Table 4. The Frequency of Features of Typical Patterns in Males and Females

Type of Feature Males (N = 11) Females (N = 65) Total

Right thoracic 6 32 38

Left thoracic/ right lumbar 1 5 6

Right thoracic/ left thoracolumbar (King I) 0 9 9

Right thoracic/ left thoracolumbar (King II) 0 1 1

Right thoracic/ left lumbar 2 7 9

Thoracolumbar 0 3 3

Lumbar 0 0 0

Atypical feature 2 8 10

Total 11 65 76

5. Discussion
The AIS is one of the most challenging deformities in 

adolescence and can be associated with several physical, 
psychological and financial problems for the patient, his/
her family and healthcare system. The treatment is always 
long lasting and complicated and, in spite of all of the ef-
forts and advances, it is not successful in several cases. It 
seems that one of the more important causes of treatment 
failure is incomplete knowledge of the nature of AIS and 
etiologic factors affecting the deformity and its prognosis.

The prognosis of AIS is affected by several factors, such 
as morphology of the curve, severity, age of onset, skel-
etal growth and rate of deformity progression. The AIS 
may resolve spontaneously, with growth, or may prog-
ress severely and even be associated with risk of mortality 
(1, 15). The progressive deformity may cause several body 

prominences, asymmetric waistline, uneven shoulders, 
injured self-image, pain, spinal degenerative changes, 
limitations in activities of daily living and, in severe cas-
es, disturbed pulmonary function (29-32).

In many cases, surgical intervention is necessary to im-
prove self-image and pulmonary function and to prevent 
the progression of deformity, which has been reported to 
be associated with favorable results (33). The rate of cor-
rection had been reported at 60 - 80%, utilizing modern 
instruments (34-36).

Several authors demonstrated a number of differences 
between girls and boys with AIS, in terms of pattern of 
the deformity, which should be considered in treatment. 
However, to our knowledge, although there are many 
studies regarding AIS, only a limited number of them 
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compared the characteristics of the deformity between 
males and females.

Recently, Suh et al. performed an epidemiologic survey 
in Korean adolescents and found that AIS is more preva-
lent in girls (4.65% vs. 1.97%). Also, they demonstrated that 
the curve pattern and severity of deformity are different 
in male and female patients. Only 3.91% of boys vs. 11.28% of 
girls had a curve between 20 - 29 degrees (37). In a similar 
study in China, Wang et al. (20) compared the curve pat-
tern and other radiographic variables between 359 males 
and 999 females with AIS ≥ 20 degrees. They found that 
atypical pattern is more prevalent in males (19.8% versus 
8.9%). They also demonstrated that the type of deformity 
is different between genders; however, the main thoracic 
curve was the most important curve type in males and 
females. In patients with severe typical AIS, including a 
major thoracic curve, the magnitude of thoracic scoliotic 
curve and TK were greater and the deformity was more 
rigid in males (20). Our findings confirm the previous 
studies. We found that the two genders are significantly 
different in terms of radiographic parameters. Although 
the males were significantly older than the females, how-
ever, the skeletal age was the same, based on the Risser 
sign. Most of the boys were hypokyphotic (70%), while 
most of the girls had normal kyphosis (about 70%). The 
main scoliotic curve was more severe and rigid in male 
patients. The typical pattern of AIS was found in 95.6% 
of girls, while atypical pattern was found in a consider-
able fraction of the boys (35.3%). However, the differences 
were not significant. The most prevalent typical pattern 
for both males and females was right thoracic pattern 
(63.6% in males and 53.8% in females), followed by right 
thoracic/left lumbar in girls (23.1%). Similarly, the most 
frequent typical feature in both genders was right tho-
racic feature. In contrast to our findings, in a retrospec-
tive study on Iranian patients, Ameri et al. observed that 
the pattern and severity of the deformity were the same 
between the two genders. However, they found that the 
curve was more rigid in males (18).

Although not investigated in the current study, several 
previous authors have found different outcomes of sur-
gical or nonsurgical treatment between male and female 
patients (12-18). For example, Yrjonen et al. found signifi-
cantly more curve progression with non-operative treat-
ment in male patients (31.4% vs. 21.6%) and explained poor 
compliance with brace wear, as one of the potential rea-
sons (13). However, others did not confirm these findings. 
Ameri et al. demonstrated that preoperative sexual differ-
ences did not affect the radiological outcomes of surgi-
cal treatment of AIS (18). Also, Marks et al. found similar 
results in their study (17).

With regard to several controversies in findings of stud-
ies, it seems necessary to compare the characteristics 
of the AIS and its course in males and females, in future 
prospective studies. There are several unsolved ques-
tions regarding the AIS and such studies can help to ex-
plain several of these problems. In a review study, Raggio 

(7) explained that gender differences in spine growth, 
morphology, stiffness, curve pattern and hormones, in 
combination with genetic factors, may contribute to the 
phenotype of the scoliosis. Also, he believed that these 
factors may affect the curve progression and response to 
treatment. Raggio explained that sexual dimorphism can 
impact diagnosis, treatment and outcomes (7).

Our study was limited by the number of male patients, 
which can bias the findings. Also, we investigated the 
patients of only one hospital and, for judging the differ-
ences between males and females with AIS, it is necessary 
to perform more extensive studies.

In conclusion, based on the findings of the current 
study, the radiographic characteristics of AIS differ sig-
nificantly between genders. The AIS is more severe and 
rigid in male patients. Hypokyphosis is present in most 
of the boys, while the normal kyphosis is found in most 
of the girls. Also, in contrast to the typical pattern of the 
deformity found in near all of the female patients, a sub-
stantial percentage of the male patients developed an 
atypical pattern of the deformity.
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