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Abstract. Whether visual impairment influences the prevalence of scoliosis in humans
or not remains controversial. The purpose of this study was to assess the prevalence of
scoliosis in blind women in a Mediterranean region.
Material and Method: A total of 26 blind women aged 40 years (median, range 20 - 67)
were screened for scoliosis. The existence of a possible trunk hump was measured by
the forward bending test using the Pruijis Scoliometer. Reading of an Angle of Trunk
Inclination (ATI) greater or equal to 7 degrees was used as a cut-off criterion for
radiological examination. Standing postero-anterior and lateral spinal radiographs were
obtained. Menarche and circadian rhythm was recorded.
Results : 11 out of 26 women had a scoliosis with an average Cobb angle of 19 degrees
(range 12 - 28). The average ATI was 8 degrees. Thoracolumbar was the most common
type of curve identified (9 out of 11, 6 were to the right and 3 to the left). The median
age of menarche was 13 years (range, 11 - 15). None of the blind women reported any
difficulty sleeping and had a circadian rhythm related to a 24-hour day.
Discussion: The prevalence of scoliosis was 42.3%, while the prevalence in the general
population in the same regime is 2.9%. Blind women had a later age of menarche (13
versus 12.58 yrs) compared with normal girls. The postural etiology of scoliosis in blind
people has been reported. The possible role of light in association to melatonin
production, age at menarche and high prevalence of scoliosis in blind women is
presented and discussed.
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1. Introduction
The cause of adolescent idiopathic scoliosis (AIS) in humans remains obscure. A wide range
of aetiological causes have been proposed including neuromuscular abnormalities, connective
tissue anomalies, vestibular dysfunction, melatonin secretion disturbance, platelet
microstructure anomalies, mechanical factors, growth related and developmental problems,
asymmetry of the brainstem, genetic factors, equilibrium dysfunctions and impairment of
proprioception. These concepts have lead to the idea that a disturbance of postural control is
involved but no single factor has been identified so far. Many authors consider that a
relationship exists between the origin of scoliosis and problems of balance in the patients.
Visual impairment has been shown to increase the prevalence of idiopathic scoliosis in
human subjects when compared to the prevalence of the general population [1-6].
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The objective of this study was to select data from scoliosis screening in an Institute of
blind women in a Mediterranean region and study the prevalence of scoliosis in relation to
the age at menarche, the lack of light stimulus and the possible role of melatonin.

2. Material and Method
2.1. The Study Population
A total of 26 blind women in an Institute for blind people with median aged 40 years (range
20 – 67 years) were screened for scoliosis. The causal pathologies for the blindness were
various: retina or refraction problems, crystalline lens abnormalities, or oculomotor
pathology. The patients with general neurological pathology were excluded.
2.2. The Measurements
The presence of a trunk hump was elicited by the forward bending test applying the Pruijis
Scoliometer. An Angle of Trunk Inclination (ATI) greater or equal to 7 degrees was used as a
cut-off criterion for radiological examination. For positive cases, a standing posteroanterior
and lateral spinal radiograph was obtained. The Cobb angle was measured and a curve of 10
degrees or more was used to define a scoliosis following SRS guidelines.
2.3. The Age at Menarche and Circadian Rhythm
The blind women were questioned about their menarche and their circadian rhythm was also
recorded.

3. Results
3.1. The Measurements
11 out of 26 women recorded a scoliosis, with an average Cobb angle of 19 degrees (range 12
- 28). The average ATI was 8 degrees (range 7 to 10 degrees). Thoracolumbar curves were
the most common type identified ( 9 out of 11). 6 thoracolumbar curves were to the right and
3 were to the left. Of the remaining two cases, one had a lumbar curve to the right and the
other a thoracic curve to the right.
3.2. The Age at Menarche and Circadian Rhythm
The median age of menarche of the 26 blind women was 13 years (range, 11 - 15). All blind
women reported no difficulty in sleeping and had a normal 24-hour day circadian rhythm.
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4. Discussion
The present study has demonstrated a prevalence of scoliosis in women with visual
impairment as 42.3% against that of the general population in Greece of 2.9% [7].
4.1. The Postural Aetiology of Scoliosis in People with Visual Impairment
Vision by its function of environment exploration contributes to the postural control of the
trunk. There is an association between idiopathic scoliosis and postural control in which
vision is involved. Ponseti et al [8] found ocular problems in 32 patients with idiopathic
scoliosis. In their study, the severity of the ocular lesions was related to the severity of the
idiopathic scoliosis. Oculomotor modifications have also been found in association with
idiopathic scoliosis. Close connections between the anomalies of the propio-oculo-labyrinthin
and the scoliosis have been reported [9]. A genetic cause for posterior basicanium (PB)
asymmetry and significant semi-circular canal malformation has also been reported in people
with AIS [10]. Several studies report a family association of complete horizontal gaze palsy
and severe progressive scoliosis [11]. In the series of Catanzariti et al [6] 18 out of 26
children who were visually impaired had a non-evolving three-dimensional scoliosis.
4.2. The Role of Melatonin in the Aetiology of Scoliosis in People with Visual Impairment
Data relating to scoliosis and melatonin in humans is relatively sparse and that already
published does not clearly support a role for melatonin producing scoliosis in humans. The
observation that experimental pinealectomy and a deficiency of melatonin (the principal
product of the pineal gland in newborn chickens) leads to a spinal deformity similar to
idiopathic scoliosis in man [12-14] lead to the development of a new neuroendocrine
hypothesis for the cause of idiopathic scoliosis. However, no alteration in serum or urinary
melatonin in patients with AIS has been recorded [15-18]. Moreover, an increased incidence
of scoliosis has not been observed in children after pinealectomy or pineal irradiation because
of pineal neoplasias, although they have may lack serum melatonin [19,20]. Thus the data
regarding human melatonin levels is mixed at best and the melatonin deficiency as a
causative factor in the aetiology of AIS cannot be supported.
4.3. Hypothesis
Melatonin is the main mediator that transfers changes in environmental light to human cells.
Thus the diurnal variation of melatonin is due to environmental light conditions. Melatonin
production is stimulated by darkness. Under conditions of darkness melatonin production
increases and light reduces the melatonin production [21,22]. Bellastella et al [23] studied a
group of 11 totally and 16 partially blind adult patients and found elevated melatonin levels
both in patients with total blindness and in those with light perception compared to controls.
Erren in 2002 [24] suggested that a lower incidence of cancer in blind people may be due to
greater melatonin production.
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The results of the current study suggest that melatonin might be involved in the
pathogenesis of human idiopathic scoliosis in a way that could explain the higher prevalence
of scoliosis in people with visual impairment. Melatonin overproduction due to lack of light
stimulus in these people leads to late menarche and longer exposure to possible coexisting
detrimental factors in the pathogenesis of AIS.
4.4. Melatonin and Age at Menarche
A controversy exists whether blind girls with no light stimuli experience delayed puberty.
Zacharias in 1964 [25] reported an earlier age at menarche while Thomas in 1967 [26]
reported no difference and Segos in 1995 [27] noted blind girls have a later age of menarche.
Jafarey et al in 1971 [28] reported that artificial lighting results in a decrease in the age of
menarche. Retinal responses to environmental lighting mediate an expanding list of
neuroendocrine effects, including control of pubescence, ovulation, and a large number of
daily rhythms [29]. Sexual maturation can be delayed in experimental animals by exogenous
melatonin administration or by short day exposure [30,31]. Animals kept in constant
darkness show a delay in sexual maturation. However, the neuroendocrine pathways, which
mediate the effects of blindness upon human sexual development, are not completely
understood. Melatonin acts on the gonads indirectly, reducing the secretion of gonatotropines
and mainly that of LH. Blind women presented late age at menarche (median age 13 yrs) in
this study, as opposed to non-blind individuals (mean age 12,58 years in Greece). In view of
these results, it is hypothesized that blindness and the delay sexual maturation might render
blind women to longer exposure to the detrimental causative factors of AIS, leading to the
increased reported prevalence of the condition.
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Abstract. Extra-spinal skeletal length asymmetry have been reported for the upper
limbs and periapical ribs of patients with thoracic adolescent idiopathic scoliosis.
This paper reports (1) a third pattern with relative lengthening of the ilium on the
concavity of lower spine scolioses, and (2) a fourth pattern of relative lengthening
of the right total leg and right tibia unrelated statistically to the severity or side of
lower spinal scolioses. The findings pose the question: are these anomalous extraspinal left-right skeletal length asymmetries unconnected with the pathogenesis of
AIS. Or, are they indicative of what may also be happening to some vertebral
physes as an initiating pathogenic mechanism for the scoliosis?
Key words: Scoliosis, etiology, bilateral symmetry, pelvis, legs

1. General introduction
An anomalous feature detected in girls with AIS is extra-spinal left-right skeletal
length asymmetries (Figure 1). Upper limb length asymmetry with relative lengthening
on the convexity of right thoracic and thoracolumbar AIS curves was reported in clinic
patients [1-3], in preoperative patients [4], and very recently in school screening
referrals [5]. A second site reported was periapical rib lengthening on the concavity of
right thoracic AIS in girls (RT AIS-F)[6]. Together with other clinical as much
experimental evidence the periapical rib finding was used to assemble a thoracospinal
concept of etiopathogenesis for the initiation of RT AIS-F [7]. Subsequent research
using radiological and mathematical techniques did not confirm the rib findings [8,9].

