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ABSTRACT
Objectives: This study aims to define the chronological, angular, and topographic classes in presumed idiopathic scoliosis and to investigate the 
frequency of generalized joint hypermobility, pain, neurological deficit, ankle deformity, Risser grade, and magnetic resonance imaging (MRI) 
findings in these patients.
Patients and methods: This cross-sectional, descriptive study included a total of 36 patients (11 males, 25 females; mean age 13.4±4.6 years; range, 6 to 
24 years) with idiopathic scoliosis between January 2015 and January 2019. Data including age, sex, complaint of pain, generalized joint hypermobility 
(based on Beighton score), neurological deficit, ankle deformity, and definition of scoliosis were recorded. Chronological, angular, and topographic 
classification were carried out. The Risser grade and MRI findings were noted.
Results: Of all patients, 30 (83.3%) were idiopathic, five (13.9%) were neuromuscular, and one (2.8%) was congenital scoliosis based on MRI findings. 
Of 13 (36.1%) spine MRI scans, six (46.2%) were intraspinal anomalies, four were syringomyelia (30.8%), one was Chiari type 1 malformation (7.7%), 
and one was hemivertebrae with diastematomyelia (7.7%). The highest rates of classes according to chronological, angular, and topographical 
classifications of idiopathic scoliosis were adolescent (17/30, 56.7%), low angular (24/30, 80.0%), and lumbar scoliosis (15/30, 50.0%), respectively. Ten 
patients (33.3%) complained of pain, while 23 patients (76.7%) had no neurological deficit and seven (23.3%) had hypoesthesia. Seventeen patients 
(56.7%) had generalized joint hypermobility.
Conclusion: Idiopathic scoliosis with non-severe spinal deformity may present with intraspinal neural axis abnormalities, even when it is 
neurologically intact. Based on our study results, it seems to be useful to consider whole spine MRI for the evaluation of thoracic and lumbar scoliosis.
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Idiopathic scoliosis was first defined by Kleinberg[1] 
for defining all cases in which “it is not possible 
to find a specific disease causing the deformity” in 
1922. Although the etiology of scoliosis has not 
been completely elucidated, it has been accepted as 
multifactorial. Recently, the prevention against visible 
disability and decrease in quality of life have focused 
on the identification of early stages of scoliosis with 
screening studies, since scoliosis has begun to occur 
in apparently healthy children.[2] Efforts for defining 
scoliosis with school screening have been gaining 
importance, as the occurring or progressing of the 
disease is mostly associated with multiple factors 
during any rapid period of growth.[3] Yılmaz et al.[4] 

reported, for the first time, the prevalence of adolescent 
idiopathic scoliosis with a Cobb angle above 10° as 
2.3% in an epidemiological study conducted in Turkey, 
and it is consistent with the literature with a prevalence 
ranging from 2 to 3%.[3]

The need for preventing scoliosis-associated 
disability (e.g., health problems in adult life, pain, 
and progressive functional limitations) is underlined 
by the International Scientific Society on Scoliosis 
Orthopaedic and Rehabilitation Treatment (SOSORT) 
as follows: If the Cobb angle at completion of growth 
exceeds an angle between 30° and 50° named as “critical 
threshold”, there is a higher risk of disability.[3,5] 
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The 2016 SOSORT guidelines present the evidence-
based clinical recommendations on the management 
of all growing patients with idiopathic scoliosis 
and report f low-charts for clinical practice of all 
the possible treatments which can be proposed for 
idiopathic scoliosis based on knowledge about an 
angular, chronological class of idiopathic scoliosis in 
addition to Risser grade, and pain status.[3] In addition, 
classifications of scoliosis have been endorsed by the 
SOSORT due to the fact that different scoliosis has a 
different prognosis.[3]

Magnetic resonance imaging (MRI) is used in 
idiopathic scoliosis with importance in the surgical 
setting. Nevertheless, beyond its importance in 
the symptoms and signs of neurological deficit, 
in the everyday use for deformity evaluation, this 
technique is not supported by the actual evidence, if 
it is used to rule out the diagnosis of non-idiopathic 
scoliosis.[6-9] Therefore, current literature prompts 
the hypothesis that physicians who diagnose 
idiopathic scoliosis would not be aware of etiology, 
unless they are curious about it and start to search 
it. However, the spinal deformity caused by scoliosis 
should be examined as a sign of a reason that has not 
identified, yet.

In the present study, we aimed to define the 
frequency of classes (e.g., chronological, angular, 
and topographic) endorsed by the SOSORT in our 
patients suspected of having idiopathic scoliosis, 
and to investigate the frequency of generalized joint 
hypermobility (GJH), pain, neurological deficit, ankle 
deformity, Risser grade status, and MRI findings in 
these patients.

PATIENTS AND METHODS

In this cross-sectional, descriptive study, 
patients who presented to the Physical Medicine 
and Rehabilitation Pediatric Rehabilitation Unit 
of Trakya University, Faculty of Medicine between 
January 2015, and January 2019, and were suspected 
of having idiopathic scoliosis were screened. Those 
with a previously known reason for neurological 
scoliosis (e.g., cerebral palsy, myelomeningoceles, 
and muscular dystrophy) or connective tissue 
syndromes were excluded. Inclusion criteria were 
as follows: having complete data obtained from 
medical files including age, sex, complaint of pain, 
GJH (Beighton scoring), neurological deficit, ankle 
deformity, definition of scoliosis with a Cobb angle 
of ≥10° and axial rotation at the apical vertebra. 
A written informed consent was obtained from 

each adult patient and/or parent of each child. 
The study protocol was approved by the Trakya 
University, Faculty of Medicine Ethics Committee 
(TÜTF-BAEK 2019/63). The study was conducted in 

TABLE 1
Clinical and radiological findings of scoliosis cases

n %
Presumed idiopathic scoliosis

MRI evaluation
Evaluated with MRI
Not evaluated with MRI

13
23

36.1
63.9

Scoliosis evaluated with MRI
Intraspinal anomalies was found
Not found

6
7

46.2
53.8

Scoliosis classification after MRI evaluation
Idiopathic
Neuromuscular
Congenital

30
5
1

83.3
13.9
2.8

Finally idiopathic scoliosis
Chronological classification

Infantile
Juvenile
Adolescent
Adult

0
9
17
4

0.0
30.0
56.7
13.3

Radiological evaluations
Angular classification

Low
Moderate
Moderate to severe
Severe
Severe to very severe
Very severe

24
4
2
0
0
0

80.0
13.3
6.7
0.0
0.0
0.0

Topographic classification
Thoracic
Thoracolumbar
Lumbar
Double curve
Three curve

8
4

15
2
1

26.7
13.3
50.0
6.7
3.3

Risser grading
Grade 0
Grade 1
Grade 2
Grade 3
Grade 4
Grade 5

12
1
3
5
2
7

40.0
3.3
10.0
16.7
6.7

23.3
Clinical evaluation

Beighton scoring
GJH
Not evaluated
Non-GJH

17
9
4

56.7
30.0
13.3

Pain/findings
Not neurologic deficit
Pain
Hypoesthesia

23
10
7

76.7
33.3
23.3

Ankle deformities
Unilateral valgus
No deformity
Bilateral valgus

13
11
6

43.3
36.7
20.0

MRI: Magnetic resonance imaging; GJH: Generalized joint hypermobility.



331Intraspinal problems and scoliosis

accordance with the principles of the Declaration of 
Helsinki.

Classifications of scoliosis

Initially, all patients were evaluated by a single 
physiatrist. Finally, medical records of a total of 36 
patients (11 males, 25 females; mean age 13.4±4.6 
years; range, 6 to 24 years) with the first definition 
of idiopathic scoliosis were included in the study. 
We used the classifications endorsed by the SOSORT 
Consensus.[3] Idiopathic scoliosis was classified as 
chronological, angular, and topographic. The 
chronological classification was based on the age of 
the case at the time of diagnosis: infantile (≤2 years 
and 11 months), juvenile (range, 3 to 9 years and 11 
months), adolescent (range, 10 to 17 years and 11 
months), and adult (≥18 years).

The angular classification was based on the Cobb 
angle as follows: low (up to 20°), moderate (21 to 35°), 
moderate to severe (36 to 40°), severe (41 to 50°), severe 
to very severe (51 to 55°), and very severe (≥56°).

The topographic classification was based on the 
anatomic location of apex. 

Radiological evaluation

The angle degree of scoliosis was evaluated in the 
upright position, frontal to radiograph based on the 
Cobb and digital computer-assisted (semi-automatic) 
method. The angle was limited by the most tilted 
upper and lower end vertebrae. The landmarks 
used to evaluate Cobb angle were manually marked 
using a computer mouse and were, then, calculated 
automatically.[10]

The anatomic location of scoliosis was defined 
according to apex as follows: thoracic (from disc T1-2 
to disc T11-12), thoracolumbar (from T12 to L1), and 
lumbar (disc L1-2).[3,11] Double (S-shaped) and three 
curves pattern were also defined.

The Risser grading was done using the same 
posteroanterior X-rays to evaluate scoliosis. The MRI 
findings at the time of the first definition were also 
recorded.

Statistical analysis

Statistical analysis was performed using the IBM 
SPSS version 20.0 software (IBM Corp., Armonk, 

TABLE 2
Reclassification of presumed idiopathic scoliosis cases based on MRI findings

Presumable idiopathic scoliosis

Infantile Juvenile Adolescent Adult Total

n % n % n % n % n %

After MRI evaluation

Idiopathic scoliosis 0 9 17 4 30 83.3

Neuromuscular scoliosis 0 1** 3** 1*** 5 13.9

Congenital scoliosis 1* 0 0 0 1 2.8

Total 1 2.8 10 27.8 20 55.6 5 13.9 36 100.0
MRI: Magnetic resonance imaging; * Diastematomyelia, Hemivertebra; ** Syringomyelia; *** Chiari type 1 malformation.

Figure 1. An 11-year-old female with presumed idiopathic scoliosis (left lumbar) in the absence of neurological findings. 
Syringomyelia was detected based on whole spine magnetic resonance imaging. Finally, neuromuscular scoliosis was defined. 
(a) An aesthetic profile of trunk of patient affected by spinal deformities. (b) The trunk forward bending test (Adam’s forward 
test). (c) Cobb angle.

(a) (b) (c)
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NY, USA). Descriptive statistics were expressed in 
mean ± standard deviation (SD), median (min-max) 
or number and frequency.

RESULTS

Of a total of 36 patients, the mean age at the 
time of first evaluation in our outpatient clinic was 
13.4±4.6 (range, 6 to 24) years. The mean age at the 
time of the first diagnosis of scoliosis was 12.0±4.9 

(range, 1.5 to 24) years. Clinical and radiological 
findings are summarized in Table 1. Of all presumed 
idiopathic scoliosis patients, spine MRI was performed 
in 13 (36.1%) patients and MRI revealed intraspinal 
anomalies in six of them (6/13, 46.2%). Syringomyelia 
(4/13, 30.8%), Chiari type 1 malformation (1/13, 7.7%), 
and hemivertebrae with diastematomyelia (1/13, 7.7%) 
were also found (Table 2, Figures 1-3). Five cases 
redefined as neuromuscular scoliosis were painless 
(5/5), while two of them had hypoesthesia (2/5) and 
only one had GJH. Angular classifications of redefined 
cases were as follows: low (3/6), moderate (2/6), and 
severe (1/6). Topographic coronal plane curve patterns 
of redefined six cases were as follows: thoracic (3/6), 
lumbar (2/6), and three curves pattern (1/6). We found 
left-sided lumbar (2/6) and right-sided thoracic curve 
(4/6) in these cases. Neurological deficit was observed 
only in three cases.

DISCUSSION

In this study, we attempted to define the 
chronological, angular, and topographic classes in 
patients suspected of having idiopathic scoliosis 
and to investigate the frequency of GJH, pain, 
neurological deficit, ankle deformity, Risser grade, 
and MRI findings in these patients. Our study results 
showed that the incidence of intraspinal deformity 
in presumed idiopathic scoliosis, including the low 
Cobb angles was 42.6% and 50% of them had an 
intact neurologic status. The most common problem 
was the syringomyeli. We believe that this study is 
valuable as it contributes to the existing literature 
and underlines the data required for the practical 
management of idiopathic scoliosis. It also provides 
an opportunity to discuss the association between 

Figure 2. Chiari malformation in 19-year-old female with 
presumed idiopathic scoliosis (right thoracic) diagnosed 
using whole spine magnetic resonance imaging (level of 
brainstem to sacrum). Finally, neuromuscular scoliosis was 
defined.

(a) (b) (c)

Figure 3. A 12-year-old male with presumed idiopathic scoliosis (left lumbar) in the absence of neurological findings. (a) An 
aesthetic profile of trunk of patient affected by spinal deformities. (b) A frontal radiographic study. (c) Magnetic resonance imaging 
evaluation showing diastematomyelia at the level of Th10-Th11 intervertebral discs (the spinal cord is divided longitudinally into 
two parts by a fibrous septum). Finally, congenital scoliosis was defined.
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idiopathic scoliosis, intraspinal anomalies, and need 
for MRI evaluation.

In the present study, the female-to-male ratio 
was found to be consistent with a recent prospective, 
cross-sectional epidemiological study conducted in 
Turkey (the ratio of affected girls-to-boys was reported 
as 251 to 118).[4] With an etiological point of view, 
most of the patients were idiopathic compatible with 
the classical knowledge stating that scoliosis was 
secondary to another pathological process in about 
20% of cases, while the remaining 80% were cases of 
idiopathic scoliosis.[3] In addition, 30% of idiopathic 
scoliosis were juvenile, and it was the second prevalent 
problem after adolescent scoliosis. We prefer to use 
infantile and juvenile scoliosis as separate terms as 
in the James classification instead of the term early-
onset scoliosis, which is used currently, given the fact 
that infantile scoliosis has a different prognosis. It has 
a regressive prognosis, resulting from intrauterine 
malposition and is not three-plane deformity.[3,12,13]

In our study, the most common rate of growth 
status was found to be Risser Grade 0, the first 2/3 
of pubertal development, in which the linear growth 
rate of the skeleton was the highest.[3] Interestingly, 
four of six cases with intraspinal deformity were also 
Risser Grade 0. Indeed, bracing, the most effective 
treatment option of conservative treatment, has been 
recommended by the 2016 SOSORT guidelines for the 
treatment of still growing (Risser Grade 0-3) idiopathic 
scoliosis cases with a mean curve above 20°±5° Cobb, 
and with demonstrated progression of deformity or 
increased risk of worsening.[3] Therefore, similar to 
our cases, a definition of cases in an acceptable stage 
may create the opportunity for the bracing. Our 
study findings are consistent with Yılmaz et al.[4] who 
reported the low angular class (10° to 15°) as the most 
prevalent angular group of the adolescent idiopathic 
scoliosis in their epidemiological study carried out in 
Turkey in which intraspinal deformities were unable 
to be evaluated due to its epidemiological nature. In 
addition, the aforementioned authors reported the 
most common scoliosis pattern as a single curved 
(69.3%), followed by a double curved (29.3%), and the 
most common topographically as lumbar scoliosis. 
However, we found thoracic scoliosis in the second 
place differently of reported in the study of Yılmaz et 
al.[4] as thoracolumbar scoliosis.

The assessment of children with idiopathic scoliosis 
should be combined with the evaluation of GJH due 
to the fact that GJH is recommended as a potential 
factor of a higher risk of scoliosis progression.[3] More 

than half of the cases with idiopathic scoliosis had 
GJH, consistent with 51.4% previously reported by 
Czaprowski et al.[14] On the contrary, the presence of 
joint hypermobility was not found to be associated 
with the presence of scoliosis by Bozkurt et al.[15] and no 
significant relationship between GJH prevalence and 
scoliosis curve size or curve pattern was reported.[15,16]

Over time, idiopathic scoliosis has been reported 
to be accompanied by many problems.[7,8,17] While 
intraspinal problems are one of the main etiological 
causes in the development of scoliosis, it does not 
always present with abnormal neurological findings, 
pain or at a young age as reported previously in the 
literature. In our study, 50% of the patients were 
neurologically intact. In a recent study, the incidence 
of intraspinal neural axis abnormalities in severe 
spinal deformity was reported as 42.6%, and 65.1% 
of them were reported as neurologically intact, 
similar to our study results from non-severe spinal 
deformities. Indeed, 37.5% of reported abnormalities 
were located in thoracic and 31.3% in the cervical 
region, and the most common problem was found 
in the syrinx.[7] Interestingly, our incidence of total 
intraspinal anomalies was quite similar; however, only 
one of the cases had severe scoliosis. In addition, pain 
(rarely disabling) occurs in about 32% of patients with 
adolescent idiopathic scoliosis,[18] consistent with our 
findings of idiopathic cases. However, five patients 
redefined as neuromuscular scoliosis were painless in 
our study.

In our study, we used the 2016 SOSORT guidelines 
to define classes of scoliosis in accordance with the 
recent literature, in which classifications are relevant 
for conservative care.[3] The right convex thoracic with 
or without left lumbar curve is usually accepted the 
typical curve pattern in adolescent idiopathic scoliosis, 
and left thoracic, particularly in males, is accepted as 
the atypical curve pattern.[19,20] Further investigation is 
needed for an atypical curve (e.g., a curve less than six 
segments [a short curve], kyphosis near to curve’s apex, 
decreased rotation of apex, and rapid progression) and 
sclerosis or osseous destruction (e.g., an infection 
or underlying tumor).[20,21] Unfortunately, intraspinal 
problems (e.g., syrinx or tethered cord) occasionally 
show the same curve pattern as typical scoliosis.[20] 
In our study, most of the scoliosis with intraspinal 
problems were topographically thoracic. These findings 
support that thoracic scoliosis is more prone to the 
worst prognosis than double structural ones.[22] It was 
also shown that the syrinx in thoracolumbar or lumbar 
spine scoliosis had a much lower caudal extent and 
lower level of syrinx/cord ratio than the syrinx located 
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on the thoracic spine.[23] The most dominant side of 
scoliosis in cases with an intraspinal deformity in 
our study (right-sided thoracic and left-sided lumbar, 
respectively) differed from a left-sided thoracic curve 
in studies which reported it as usually associated with 
an intraspinal pathology.[22,24]

In the clinical practice, MRI should be performed 
to rule out the diagnosis of neural axis abnormalities 
such as Chiari malformation, syringomyelia, 
diastematomyelia, and tethered spinal cord, which is 
found in patients with presumed idiopathic scoliosis 
in the absence of neurological findings. Magnetic 
resonance imaging can be beneficial for these purposes, 
when performed from the level of the brainstem to 
the sacrum.[6-8] The most common complaint related 
to a Chiari I malformation is posterior cervical or 
occipital pain due to the compression of dural or neural 
structures by the herniated cerebellar tonsils.[25,26] 
However, our case was painless. Therefore, we should 
underline MRI use in thoracic scoliosis in accordance 
with the adage of early is on time, on time is late, and 
late is unacceptable.

Nonetheless, this study has some limitations. 
First, the sample size is small and further large-
scale studies are needed to confirm our findings. 
Second, this study was conducted using convenience 
sampling of the scoliosis patients who were admitted 
to the pediatric rehabilitation unit of physical 
medicine and rehabilitation outpatient clinic and, 
thus, it may not be a representative of the entire 
scoliosis population.

In conclusion, our study results highlight the 
importance of considering scoliosis as a sign for 
intraspinal anomalies and exclude it before scoliosis 
is defined as idiopathic. In clinical practice, it may be 
useful to consider whole spine MRI for the evaluation 
of thoracic and lumbar scoliosis, even in the intact 
neurological evaluation to prevent disability related 
to scoliosis and improve early detection of intraspinal 
neural axis abnormalities.
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