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Study Design: Single-center, observational, case–control study.
Purpose: Comparison and analysis of the metabolic and coagulative profiles in patients with idiopathic scoliosis, patients with con-
genital scoliosis, and healthy controls.
Overview of Literature: Serum melatonin deficiency has been a controversial topic in the etiopathogenesis of scoliosis. Low bone 
mineral density, low vitamin D3 levels, and high parathyroid hormone levels are common metabolic abnormalities associated with 
scoliosis that may be responsible for its pathogenesis. In addition to metabolic defects, several studies have shown coagulation de-
fects that either persist from the preoperative period or occur during surgery and usually lead to more than the expected amount of 
blood loss in patients undergoing deformity correction for scoliosis.
Methods: The study population (n=73) was classified into those having congenital scoliosis (n=31), those with idiopathic scoliosis 
(n=30), and healthy controls (n=12). After detailed clinicoradiological evaluation of all the subjects, 10-mL blood samples were col-
lected, measured, and analyzed for various metabolic and coagulation parameters.
Results: The mean serum melatonin levels in patients with idiopathic scoliosis were significantly lower than those in the healthy 
controls. Although the mean serum melatonin level in the congenital group was also low, the difference was not statistically signifi-
cant. Serum alkaline phosphatase and parathyroid hormone levels were higher in the scoliosis groups, whereas the vitamin D level 
was lower. No differences were observed in the coagulation profiles of the different groups.
Conclusions: Low serum melatonin levels associated with scoliosis can be a cause or an effect of scoliosis. Moreover, low bone 
mineral density, high bone turn over, and negative calcium balance appear to play an important role in the progression, if not the on-
set, of the deformity.
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Introduction

Scoliosis is the most commonly diagnosed spinal defor-
mity that affects 2%–4% of all children [1]. It is a three-
dimensional deformity, with extension of the interverte-
bral segment in the sagittal plane inducing lordosis, lateral 
intervertebral tilting in the frontal plane, and rotation in 
the axial planes of the spine. Any lateral deviation of the 
spine of >10º on an anterior-posterior radiograph of the 
whole spine associated with vertebral rotation is consid-
ered to indicate scoliosis [2]. Despite the availability of 
several studies on the subject, the etiology and pathogene-
sis remain unclear. Apart from genetics [3,4], asymmetric 
growth and development of the vertebrae, mechanics of 
an upright spine [5], and laxity of the paraspinal ligaments 
and muscles [6], there has been considerable interest in 
the metabolic profile of patients with idiopathic scoliosis. 
Melatonin deficiency is believed to play an important role 
in the development and progression of spinal deformity in 
adolescent scoliosis���������������������������������������� ���������������������������������������[7,8], although this hypothesis is con-
troversial [9,10]. Low bone mineral density (BMD), low 
vitamin D3 level, and high parathyroid hormone (PTH) 
level are among other metabolic abnormalities that are 
commonly associated with scoliosis; these may or may not 
play a role in its pathogenesis [1,11].

In addition to metabolic defects, several studies have 
shown coagulation defects that either persist from the 
preoperative period or occur during surgery and usually 
lead to more than the expected amount of blood loss in 
patients undergoing deformity correction for scoliosis 
[12-14]. In the present study, we analyzed the metabolic 
and coagulative profiles of patients with idiopathic and 
congenital scoliosis and compared them with each other 
and with those of healthy controls. Clinical identification 
of the metabolic factors responsible for scoliosis may be 
vital for the formulation of pre-symptomatic diagnostic 
tests that could help identify asymptomatic children who 
are at risk of developing scoliosis and symptomatic chil-
dren at risk of disease progression. It may also help iden-
tify targeted pharmacotherapy to stop disease progression 
in children with scoliosis. Preoperative identification of 
specific coagulation defects may enable the use of target-
ed, specific interventions to reduce the risk of bleeding.

Materials and Methods

An observational case–control study was performed to 

compare the metabolic parameters and coagulation pro-
files of patients with idiopathic and congenital scoliosis 
as well as healthy controls. Ethical clearance was obtained 
from the institutional ethics committee of the All India 
Institute of Medical Sciences (IRB approval no., IESC/
T-589/2015).

A total of 73 consecutive patients who presented at the 
orthopedic outpatient department of the scoliosis clinic in 
our hospital from August 1, 2015, to December 31, 2016, 
were enrolled after they provided informed consent. The 
study population was divided into three groups, as those 
with congenital scoliosis (group A, n=31), those with 
idiopathic scoliosis (group B, n=30), and healthy con-
trols (group C, n=12). The inclusion criteria for the cases 
were as follows: (1) patient age <18 years, (2) idiopathic 
or congenital scoliosis, and ����������������������������(���������������������������3) no history of any previ-
ous surgery. The inclusion criteria for the controls were 
as follows: (1) age <18 years, (2) old fractures healed with 
conservative management, (3) soft tissue injuries of the 
ankle and the elbow, and (4) low back pain. The exclusion 
criteria for the cases were as follows: (1) patient age >18 
years; (2) previous surgery; (3) scoliotic deformity as a 
previously diagnosed part of a syndrome����������������;��������������� and ����������(���������4) neuro-
muscular, mesenchymal, or adult scoliosis. Exclusion cri-
teria for the controls were as follows: (1) patient age >18 
years; (2) any neoplastic condition; (3) renal or hepatic 
disorders; (4) personal or family history of scoliosis or any 
neurologic, endocrine, or psychiatric disorders; and (5) 
clinical evidence of any spinal deformity.

1. Clinical assessment

All the patients were subjected to detailed standard clini-
coradiological examination for scoliosis, including general 
examination for the presence of comorbidities, presence of 
other physical malformations and congenital deformities, 
local examination of the spine, rib hump, flexibility, and 
Cobb’s angle. Antero posterior, lateral, and side-bending 
full-length radiographs were obtained for all subjects (Fig. 
1). Patients who met the inclusion criteria were enrolled.

2. Sample collection

Samples were collected from all the subjects after over-
night fasting. It was ensured that the lights were switched 
off during the bed time hours on the previous night. 
Blood samples (10 mL) were collected by the first author 
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(K. A.) under aseptic conditions from the median cubital 
and cephalic veins from the non-dominant arm after tour-
niquet application. All the samples were collected between 
12 noon and 1:00 PM. After centrifugation, the serum was 
separated and stored at -40º Celsius for analysis. The fol-
lowing parameters were evaluated for all the subjects.

Metabolic parameters were as follows: serum melatonin 
(pg/mL, ELISA MT; Cloud-Clone Corp., Wuhan, China); 
serum calcium (mg/dL, Modular P electrolyte analyzer, 
ISE 900; Roche Diagnostic Corp., Indianapolis, IN, USA); 
serum alkaline phosphatase (ALP [IU/L], Modular P, ISE 
900; Roche Diagnostic Corp.); serum phosphate (mg/dL, 
Modular P electrolyte analyzer, ISE 900; Roche Diagnostic 
Corp.); serum PTH (pg/mL, Architect Intact PTH; Abbott 
Laboratories, Wiesbaden, Germany); and serum 1,25-OH 
vit������������������������������������������������amin�������������������������������������������� D (ng/mL�����������������������������������, ���������������������������������Architect VIT D������������������;����������������� Abbott Laborato-
ries). Coagulation profile was as follows: prothrombin 
time (PT, CA 1500; Sysmex America Inc., Mundlein, IL, 
USA)����������������������������������������������������; ��������������������������������������������������international normalized ratio�������������������� (������������������INR���������������,�������������� CA 1500������;����� Sys-
mex America Inc.); and activated partial thromboplastin 
time (APTT, CA 1500; Sysmex America Inc.).

3. Statistical analyses

Data were plotted in Microsoft Excel sheet (Microsoft 

Corp., Redmond, WA, USA)���������������������������� ���������������������������and analyzed using the sta-
tistical software STATA ver. 14.0 (Stata Corp., College 
Station, TX, USA). Categorical data are expressed as fre-
quencies and percentages. Normal and non-normal quali-
tative data are expressed as mean±standard deviation and 
median (minimum and maximum) values, respectively. 
One way analysis of variance followed by Bonferroni mul-
tiple comparison test was used to compare the continuous 
normal variables among the groups, while the Kruskal–
Wallis H test followed by Dunn test was used to compare 
the continuous variables following non-normal distribu-
tion. In addition, Pearson and Spearman correlation co-
efficients were used to determine the correlation among 
variables and the strength of such correlations. All p-value 
<0.05 was considered statistically significant.

Results

A total of 73 subjects, including 31 patients in group A 
(congenital scoliosis), 30 in group B (idiopathic scoliosis), 
and 12 in group C (healthy controls) were enrolled. All 
these patients were evaluated during their second visit to 
our outpatient department for various metabolic and co-
agulation parameters; their values were compared among 
the three groups.

Fig. 1. (A, B) AP and lateral radiographs of a 13-year-old girl with idiopathic thoraco-lumbar scoliosis. (C, D) AP 
and lateral radiographs of a 7-year-old girl with congenital thoracic scoliosis showing hemivertebrae at D3, 4, 5, 
and 6 levels with a bar between D5 and 6. AP, anterior-posterior.

A B
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1. Demographic and baseline characteristics

1) Age
All the subjects were 2–18 years of age. Group A had a 
mean age of 13.5±3.3 years with 12.9±5.2 for boys and 
13.9±3.0 for girls; the minimum age was 4 years, and the 
maximum age was 17 years. Group B had a mean age of 
13.4±3.0 years, with 13.6±3.5 for boys and 13.2±3.2 for 
girls; the minimum age was 5 years, and maximum age 
was 18 years. Group C had a mean age of 12.9±4.4 years, 
with 12.5±3.2 for boys and 13.2±3.2 for girls; the mini-
mum age was 5 years, and the maximum age was 18 years. 
There was no statistically significant difference in the age 
of the three groups (p=0.86).

2) Sex
Of the 31 patients in group A, 15 (48.3%) were girls and 
16 (51.7%) were boys. In group B, of the 30 patients, 15 
(50%) were girls and 15 were boys (45%). In group C, six 
(50%) of the 12 subjects were girls, and six (50%) were 
boys.

3) Cobb’s angle
The Cobb’s angles of all the subjects were measured by a 
single investigator (K. A.). The mean value of the Cobb’s 
angle for group A was 44.7º±20.2º, while that for group B 
was 49.4°±18.0°. There was no statistically significant dif-
ference between the Cobb’s angles of the two groups.

2. Metabolic parameters

1) Serum melatonin
The mean value of the serum melatonin in group A was 
142.27±34.6 pg/mL, lower than that in the controls (group 
C) who had a mean melatonin value of 184.2±64.8 pg/mL; 
however, this difference was not statistically significant 
(p=0.11) (Fig. 2). The mean melatonin value for group B 
was 127.19±75.1 pg/mL. This value was much lower than 
that for the controls, and the difference was statistically 
significant (p=0.02). The boys in ����������������������g���������������������roup B had a mean se-
rum melatonin level of 107.7±8.4 pg/mL, while the girls 
in group B had a mean value of 140.1±24.1 pg/mL (p=0.3); 
the mean serum melatonin level of the control group boys 
was 155.4±13.3 pg/mL, while that of the control group 
girls was 241.9±37.0 pg/ml. The difference between both 
the sexes was statistically significant (p<0.0001). On ap-
plying the correlation statistics, the Cobb’s angle was in-

versely related to the serum melatonin levels in group B, 
and the correlation was statistically significant (p=0.02). 
There was no correlation between the serum melatonin 
levels and the Cobb’s angle in group A.

2) Serum calcium
The mean serum calcium level was 9.3±0.49 mg/dL in 
group A, 9.2±0.5 mg/dL in group B, and 9.5±0.3 mg/dL 
in group C. None of the values was significantly different 
from the others. There was no difference in the serum cal-
cium levels of the boys and girls across all the groups.

3) Serum phosphate
Mean serum phosphate levels of group A (4.9±0.82 mg/
dL) and ������������������������������������������������g�����������������������������������������������roup B (4.8±0.4 mg/dL) were significantly high-
er than those of group C (3.9±0.34 mg/dL) (p<0.001).

4) Serum alkaline phosphatase
The mean serum ALP level of group A was 501.2±183.2 
IU/L, that of group B was 486.5±266.1 IU/L, and that 
of group C was 323.4±135.2 IU/L. Serum ALP levels in 
groups A and B were significantly higher than that in 
group C (p<0.001 and p<0.04, respectively). The ALP 
values of girls (509.2±45.7 IU/L) were much higher than 
those of boys (421.8±26.9 IU/L) within as well as across 
the groups.

Serum melatonin Serum melatonin 
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Fig. 2. Serum melatonin levels in all three study groups as well as 
sex-based classification of the values.
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5) Serum 1,25-OH vitamin D
The mean serum 1,25-OH vitamin D levels of group A, 
group B, and group C were 15.3±10.9 ng/mL, 13.4±11.1 
ng/mL, and 28.2±20.8 ng/mL, respectively. The vitamin D 
levels in groups A and B were significantly lower than that 
in group C (p=0.01 and p<0.001, respectively).

6) Serum parathyroid hormone levels
The mean serum PTH levels of group A, group B, and 
group C were 49.6±27.6 pg/mL, 50.5±24.6 pg/mL, and 
32.0±26.0 pg/mL, respectively. The serum PTH levels 
in groups A and B were significantly higher than that in 
group C (p=0.01 and p=0.00, respectively).

3. Coagulation studies

1) Prothrombin time
The mean PT in group A was 13.0±1.7 seconds; this was 
significantly higher than that in group B (PT 12.2±0.75 
seconds, p<0.05) although both were within the normal 
range. The PT in group A was also higher than that in 

group C (PT 12.4±0.74 seconds); however, the difference 
was not statistically significant.

2) Activated partial thromboplastin time
The mean APTT levels of group A, group B, and group C 
(35.6±6.6, 32.2±3.6, and 38.3±7.4 seconds, respectively) 
were within the normal range. We did not find any pre-
operative coagulation abnormality in any patient. All the 
results are summarized in Table 1.

Discussion

The pathogenesis and mechanisms leading to three-
dimensional deformity in a scoliotic spine have been a 
constant topic of discussion among scientists worldwide. 
Several factors are speculated to play a role in the patho-
genesis of scoliosis. In this study, we analyzed several 
metabolic factors implicated in the causation of scoliosis. 
In addition, we studied the coagulative profiles in scoliosis 
patients.

Table 1. Summary of various demographic parameters, metabolic and coagulative parameters in the three test groups and their statistical compari-
son with respective p-values

Variable CON AD CTRL

Multiple comparison 
(p-value)

CON vs. 
CTRL

AD vs.  
CTRL

AD vs. 
CON

Age (yr)     13.5±3.3    13.4±3.0      12.9±4.4

Sex

Male          16 (53.3)           9 (36.0)              8 (66.6)

Female          14 (46.6)         15 (60.0)             3 (25.0)

Cobbs angle (°)       44.7±20.2        49.4±18.07 Not applicable

Serum melatonin (pg/mL)   142.27±34.6  127.19±75.1      184.2±64.8 0.11 0.02 0.99

Serum calcium (mg/dL)       9.34±0.49        9.2±0.54        9.50±0.31

Serum phosphate (mg/dL)         4.9±0.82        4.0±0.40          3.9±0.34 <0.01 0.99 <0.01

International normalized ratio      1.17±016        1.3±0.07        1.19±0.06

Prothrombin time (sec)     13.09±1.70      12.2±0.75        12.4±0.74 0.39 0.99 0.06

A�ctivated partial thromboplastin 
time (sec)     35.6±6.6    32.2±3.6      38.3±2.4 0.52 0.01 0.11

Alkaline phosphatase (IU/L) 501.2±183.2 (162–881)   486.5±266.1 (174–1,502) 323.4±135.2 (26–475) <0.01 0.04 0.76

Vitamin D (ng/mL)     15.3±10.9 (3.2–58.5)      13.4±7.0 (5.1–32.2)       28.2±20.8 (8.4–79.7) 0.01 <0.01 0.99

Parathyroid hormone (pg/mL)         49.6±27.6 (14.7–122.4)        50.5±24.6 (10.1–113.2)         32.0±26.0 (3.6–109.1) 0.01 <0.01 0.91

Values are presented as mean±SD, number (%), or mean±SD (min–max). Bold type is considered statistically significant.
CON, congenital; AD, adolescent; CTRL, control; SD, standard deviation. 
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1. Serum melatonin

Melatonin is a pineal hormone biochemically derived 
from the essential amino acid tryptophan [15,16]. The 
hypothesis that melatonin plays a role in the pathogen-
esis of scoliosis originated from experiments conducted 
by Thillard [17] in 1959 wherein he was able to induce 
scoliosis-like deformity in chicken by resecting their pi-
neal glands. Thereafter, several experiments have been 
performed by Machida et al. [18,19] that indicate the role 
of melatonin deficiency in producing scoliotic deformity 
in chicken and rats [18,19]. In another study, Machida 
et al. [8] reported an association between low melatonin 
levels and poor prognosis of adolescent scoliosis; they 
also reported that melatonin supplementation helped in 
stopping the progress of the curve, especially when the 
curve was less than 35°. In several human experiments, 
scientists have found contradicting results that have raised 
doubts about previous claims stating serum melatonin 
deficiency as the major factor in the development of sco-
liosis. Fagan et al. [10] found no significant differences 
between the urinary melatonin excretion of patients with 
adolescent idiopathic scoliosis and controls in a fracture 
clinic. Bagnall et al. [9] compared afternoon and midnight 
serum melatonin levels in seven girls with adolescent id-
iopathic scoliosis and seven controls to find no significant 
difference between the values.

In our study, the serum melatonin levels of patients 
with idiopathic scoliosis were significantly lower than 
those in controls. These findings contradict the report by 
Bagnall et al. [9]. One probable reason that could explain 
this could be the difference in the disease stage of the 
patients because Bagnall et al. [9] only included scoliotic 
deformities that had not progressed during the previous 
2 years. This may indicate that melatonin deficiency is an 
indicator of disease progression, not the disease itself. In 
this study, the serum melatonin levels were found to be 
inversely correlated with the Cobb’s angle in patients with 
idiopathic scoliosis. This indirectly points toward melato-
nin deficiency as an indicator of disease progression.

Serum melatonin levels in patients with congenital 
scoliosis are lower than those in controls. Low serum 
melatonin levels in congenital scoliosis, and in idiopathic 
scoliosis, can probably be attributable to the fact that body 
posture affects melatonin secretion in humans [20]. Thus, 
melatonin deficiency in patients with idiopathic and con-
genital scoliosis may be an effect rather than a cause of 

scoliosis. This hypothesis can well explain the inverse re-
lationship between Cobb’s angle and melatonin deficiency 
in idiopathic scoliosis patients.

2. ‌�Serum calcium, phosphorus, alkaline phosphatase, 
vitamin D3, and parathyroid hormone

Several studies have assessed the serum vitamin D3 levels 
in patients with scoliosis and compared them with those 
in healthy individuals. All studies report moderate to 
severe deficiency of vitamin D3 in patients with scoliosis 
than in controls [1,11]. Our study revealed similar results, 
with the mean levels of serum vitamin D3 in patients with 
congenital and adolescent scoliosis being significantly 
lower than in controls. Across groups, the serum vitamin 
D3 levels were significantly higher in boys than in girls. 
Within the groups, although levels were higher in boys, 
the difference was not statistically significant.

Vitamin D deficiency leads to negative calcium bal-
ance that results in increased serum PTH levels. These 
high PTH levels increase the bone turn over and bone 
demineralization. Although serum calcium levels in these 
patients are well maintained because of these compensa-
tory mechanisms, BMD is severely affected, as shown in 
many studies comparing the BMDs of patients with id-
iopathic scoliosis and controls. In our study, BMDs were 
not analyzed owing to logistical reasons. Serum PTH 
levels in patients with idiopathic scoliosis and congenital 
scoliosis were significantly higher than that in controls, 
indicating toward serum vitamin D3 insufficiency in these 
individuals that, due to the loss of negative feedback, 
could have led to these higher PTH levels. As expected, 
the serum calcium levels were within normal limits in all 
three groups with no significant difference. Serum ALP 
levels of the patients was significantly higher than that of 
the controls; this may be indicative of high bone turn ob-
served in these patients. High bone turn over along with 
low BMD in scoliosis patients presents a bone model that 
closely simulates the model created in post-menopausal 
osteoporosis, wherein the bone-specific and total ALP 
levels increase with age. Although the precise reason for 
this rise is highly debatable, several theories have been put 
proposed. Kamimura et al. [21] speculated that the cause 
of the increase in bone turnover with aging and back pain 
may be undiagnosed vertebral fractures, and it could be 
a response to fracture healing. In a study by Mukaiyama 
et al. [22], bisphosphonate therapy administered to post-
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menopausal women lowered the total ALP levels, and this 
decrease strongly correlated with decrease in bone-specif-
ic ALP. Decrease in the estrogen level of post-menopausal 
women enhances osteoclast activation due to decreased 
expression of osteoprotegerin protein, an inhibitor of 
receptor activator of nuclear factor kappa-Β ligand from 
the osteoblasts and stromal cells. It is well known that 
the activity of osteoblasts and osteoclasts is coupled by 
osteoclast derived complement component 3a [23]. This 
increased activity of osteoblasts leads to an elevated ALP 
levels. Bisphosphonates have not yet been used in scoliosis 
patients; however, their use may stop or even reverse sco-
liosis progression.

3. Coagulation profile

Patients undergoing posterior instrumentation for sco-
liosis or other spinal deformities have an increased risk of 
excessive intraoperative bleeding. The exact cause of this 
excessive bleeding remains unclear; however, few theo-
ries have been proposed to explain the failed hemostasis, 
including dilutional coagulopathy that reduces the con-
centration of the coagulation factors and platelets [24,25], 
consumption coagulopathy following the activation of the 
fibrinolytic pathway, abnormal levels of calmodulin that 
affects platelet function, or inherent coagulation abnor-
malities in scoliosis patients [26].

In this study, we measured and compared PT, APTT, 
and INR values of the patients with adolescent scoliosis, 
those with congenital scoliosis, and controls. Ryan et al. 
[12]������������������������������������������������������� reported that 62% of scoliosis patients have an abnor-
mal PT compared to 33% of controls. Moreover, factor X 
levels were significantly lower in patients than in healthy 
controls��������������������������������������������������� ��������������������������������������������������[12]. Several studies have focused on the derange-
ment of coagulation parameters during the surgery, rather 
than on preoperative abnormalities for the higher blood 
loss. Stanitski et al. [27] attempted to predict the bleeding 
tendencies among 36 patients and found an increase in 
the PT. Bosch et al. [13] used thromboelastography and 
serial PT, APTT, and fibrinolysis score to concluded that 
the mechanism for increased bleeding in patients with 
idiopathic scoliosis undergoing posterior spinal fusion ap-
peared to be fibrinolysis; they recommended the routine 
use of antifibrinolytics in scoliosis surgery.

In this study, we found no significant difference in the 
PT of the adolescent scoliosis patients and controls; how-
ever, there was a significant difference between patients 

with congenital scoliosis and adolescent scoliosis; patients 
with congenital scoliosis had higher PT values than those 
with adolescent scoliosis, although both values were with-
in the normal range. APTT values were within the normal 
range for all three groups. Considerable importance has 
been given to the bleeding tendencies of patients during 
posterior instrumentation observed in adolescent scolio-
sis. In the present study, we attempted to evaluate whether 
any preoperative coagulation disturbance existed in pa-
tients with adolescent or congenital scoliosis. Our results 
completely contradicted the findings of Ryan et al. [12] 
who found coagulation defects in 62% of the patients with 
scoliotic deformities. However, our findings support the 
report of Bosch et al. [13] and Brenn et al. [14] who found 
that the preoperative coagulation profiles of scoliosis pa-
tients were normal. Both studies suspected the changes in 
the hemostatic mechanisms in the intraoperative period 
to be responsible for the high blood loss during surgery 
for scoliosis [13,14].

The relatively small sample size is a limitation of our 
study. However, to our knowledge, this is the first study to 
include most of the metabolic parameters associated with 
the etiopathogenesis of scoliosis along with coagulative 
screening. In addition, unlike most previous studies that 
included only adolescent girls, we included both boys and 
girls aged <18 years with idiopathic scoliosis. To the best 
of our knowledge, no study has included congenital sco-
liosis patients in their sample.

Treatment strategies for scoliosis that have been used 
thus far have been curative in nature. The primary reason 
for the inability to develop a preventive strategy is the lack 
of understanding of the etiopathogenesis of scoliosis. A 
detailed understanding of these is crucial for developing 
targeted pharmacotherapy and other treatment strategies 
to prevent the onset and progression of scoliosis.

Conclusions

Through this study, we conclude that low serum melato-
nin levels associated with scoliosis can be a cause or an 
effect of scoliosis, although further research is required to 
confirm this hypothesis. Moreover, low bone mineral den-
sity, high bone turn over, and negative calcium balance 
appear to play an important role in the progression, if not 
the onset, of the deformity. 
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