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Abstract

Adolescent idiopathic scoliosis (AIS) is a clinically important condition causing significant morbidity in a group of otherwise healthy
patients. There is no widely accepted scientific theory for the aetiology of AIS. Research into environmental factors have not proved
any direct causal relationship [1]. The most promising research was related to underlying genetic factors. Wynne-Davies looked at
the genetic aspect of scoliosis in 108 patients with AIS, and found that 25% had other affected family members [2]. Twin studies
have revealed a higher rate of concordance of AIS in monozygotic twins than dizygotic ones, but the rate of concordance is not
100%, leading various authors to conclude that the aetiology is more of a polygenic inheritance pattern. [3,4] In a meta-analysis
Kesling found a concordance rate of 73% among monozygotic twins and 36% among dizygotic twins. In the vast majority of both
monozygotic and dizygotic twins with AIS, the direction of scoliosis in the coronal plain is in the same direction[3]. There have been
three reported cases of mirroring, two in dizygotic twins and one in siblings. [5,6] In these reported cases the degree of scoliosis
has been different. We report a rare case of AIS in monozygotic twins with exactly opposite scoliosis in the coronal plane and the
same degree and discuss the fluctuating asymmetry as a possible mechanism in the developmental aetiology of their scoliosis. Other
pathological conditions with mirror images manifestations in monozygotic identical twins are reviewed.
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Report of the Case

A 12-year-old schoolchild was referred with back pain of
several weeks duration following an episode of heavy lifting. A
thoracolumbar spine radiograph was ordered at the time, which

demonstrated a right thoracolumbar scoliosis centred at L2
vertebra with a Cobb angle of 16 degrees (Figure 1). At the first
orthopaedic consultation, her back pain had settled with rest and
simple analgesia. Clinical examination revealed a well-balanced
shape but Adams forward bending test revealed a mild concave
right curve. There were no skin or other abnormalities and
neurological examination was normal.
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Figure 1: Thoraco-lumbar radiograph of 1* twin with left scoliosis
from T12 to L4.

Examination of her identical twin sister, who was accompanying
her sister, revealed an identical curve concave to the left. Her X-ray
radiograph demonstrated a concave left thoraco-lumbar scoliosis
centred at L2 vertebra with a Cobb angle of 16 degrees (Figure 2).

Figure 2: Thorco-lumbar radiograph of 2™ twin with right scoliosis
from T12 to L4 mirror Image to the 1% twin.

Both sisters were pre-menarche and were of normal pregnancy,
normal birth and normal developmental milestones.

At the 3 years post presentation follow up, both sisters continued
to remain asymptomatic and have a well-balanced spine. Their
X-ray radiographs demonstrated both to be at Risser stage [V with
thoraco-lumbar scoliosis to the right and left respectively with a
Cobb angle of 16 degrees.

Discussion

The exact aetiology of AIS is not clear. Most authors suggest that
the evidence for a polygenic aetiology is growing. In this reported
case, a set of monozygotic twins interestingly had identically
opposite thoraco lumbar scolioses. Studies have revealed a higher
rate of concordance of AIS in monozygotic twins than dizygotic,
but the rate of concordance is not 100%, leading various authors
to conclude that the aetiology is of a polygenic inheritance pattern.
[3,4] In a meta-analysis Kesling found a concordance rate of 73%
among monozygotic twins and 36% among dizygotic twins[3]. In
the vast majority of both monozygotic and dizygotic twins with
AIS, the direction of scoliosis in the coronal plane is the same
side. There have been three reported cases of mirroring, two in
dizygotic twins and one in teenage siblings. [5,6] In these reported
cases the degree of scoliosis has been different in each twin.

Other developmental and pathological conditions with mirror-
image in monozygotic twins has been reported in isolated case
reports in different parts of the body and different pathological
conditions. They include solitary bone cysts of humerus [7], dental
anomalies [8], brachial arch syndrome in the face, [9], myopic
anisometropia in the eyes [10], posterior urethral valves [11] and
adenocarcinoma of the lungs [12]. We add Idiopathic scoliosis of
the spine in this case.

Cytogenic factors have been suggested for their pathogenesis.
However, fluctuating asymmetry has not been discussed as a
possible mechanism and explanation for their mirror-image
presentation.

In our case, we propose fluctuating asymmetry is a good explanation
for the mirror- image development of the deformity. Fluctuating
asymmetry is the asymmetry that results from the inability of
organisms to develop in precisely determined paths. Fluctuating
asymmetry is undoubtedly ubiquitous. It might be expected to and
in fact, usually does result in a normal (or binomial) distribution
of the signed differences between the sides and an equal mean
development on each side [13].

The aetiology of AIS is more complicated than a straightforward
polygenic inheritance. However, the developmental role in the
aetiology of scoliosis is underreported as intrauterine events
can have a significant determination upon the development of
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scoliosis. Floman in his case report scoliotic mirror imaging in
siblings and suggested that a single gene mutation is responsible
for these anomalies but he did not explain the element of ‘mirror
imaging’. He stated that environmental factors cannot be excluded
as contributing to the development of these spinal anomalies in
utero [5].

Veldhuizen, et al. proposed a two stage developmental cause of
scoliosis initially a small defect in the neuromuscular control
system and in the second stage during adolescent growth in which
the scoliotic curve is exacerbated by biomechanical factors [14].

Fluctuating Asymmetry has been suggested as a mechanism of
asymmetrical development. It is commonly used to estimate the
effects of minor developmental accidents. These accidents differ
between individuals, and there is also an individual difference in
resistance to these accidents or level of developmental instability.
Developmental instability (DI) has been described as the inability
of'an organism to buffer its development adequately against random
biological signal of (genetic) quality. As increased development
instability (DI) increases, the morphological asymmetries as a
fluctuating asymmetry (FA) increases [ 15]. In experimental biology
several studies on asymmetrical developments in insects and its
relation to the fluctuating asymmetry induced by environmental
stresses has been reported [16,17].

In human developmental asymmetry, Woolf and Gianas studied
fluctuating asymmetry in cleft lip propositi, their normal
sibs, parents, and the increased fluctuating asymmetry among
them [18]. Others subsequently looked at its relation in other
developmental abnormalities as an asymmetry in relation to facial
skeletal asymmetry during foetal development [19,20], dental
development asymmetry and human femur asymmetry [21] and
vertebral malformation of the spine[22].

Goldberg et al also looked at adolescent idiopathic scoliosis as
a development instability resulting in a loss of symmetry during
growth and its association with palmer dermoglyphics [23].

Although monozygotic twins come from the same zygote, their
intrauterine environment may be markedly different. Cleavage
can take place at differing times during development resulting
in uneven distribution of cytoplasmic components of the
egg, subsequently affecting the postzygotic maturation of the
foetus. This has been the explanation for differential congenital
abnormalities in monozygotic twins [22]. These differences in
postzygotic maturation and the developmental instability may be
the cause of the mirroring in this case presenting as a fluctuating
asymmetry development [23-25].

Most recently, Gonzalez-Ruiz JM et al looked on how can
fluctuating asymmetry help on the prognosis of scoliosis along its

progression course [26]. Floman in his paper discussion suggested
that a single gene mutation is responsible for these anomalies but
did not explain the element of ‘mirror imaging’ and he further stated
that environmental factors cannot be excluded as contributing to
the development of these spinal anomalies in utero [5]. Our paper
report this rare case and introduce these contributing environmental
factors and suggest a possible explanatory mechanism by the
well-established Developmental Incidence theory and the mirror
imaging by Fluctuating Asymmetry in developmental biology.
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