
I Med Genet 1991; 28: 27-33

Evidence for variable gene expression in a large inbred
kindred with autosomal recessive spondylocostal
dysostosis

Peter D Turnpenny, Richard J Thwaites, Farid N Boulos

Abstract
Seven members of a large inbred kindred with
autosomal recessive spondylocostal dysostosis
were examined clinically, radiographicaily, and
sonographically. The subjects were three adults,
one adolescent, and three children under 3 years of
age. One child was the offspring of a first cousin
marriage which showed quasi-dominant inheritance.
Six subjects had short stature owing to widespread
vertebral dyssegmentation with variable reduction
in rib number and rib fusion. One subject was of
normal stature, had limited vertebral dyssegmen-
tation, an extra rib, and no rib fusion. Five subjects
showed the plagiocephaly-torticollis sequence.
Four of the five male subjects had inguinal hernia-
tion on one or both sides. All subjects had normal
renal ultrasonography. The youngest subject died
of cardiopulmonary complications and is thought to
represent one extreme in the expressivity of the
gene in this kindred.

Spondylocostal dysostosis is a heterogeneous disorder
of vertebral dyssegmentation in which three distinct
entities are clearly described. Jarcho and Levin' were
the first to describe a severe autosomal recessive form
of a syndrome which now bears their names and is
also referred to as spondylocostal dysostosis type I. In
this condition, abnormal vertebral segmentation is
often associated with a decreased number of ribs
which have a 'crowded' origin from the thoracic
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vertebral bodies and 'fan out' to give a characteristic
'crab-like' appearance of the thorax on x ray. Death in
infancy owing to respiratory insufficiency is the rule.
Further reports of this condition have highlighted a
Puerto Rican ancestry in many cases.25 The condition
is amenable to prenatal diagnosis by ultrasono-
graphy.-7
A benign form of spondylocostal dysostosis

showing autosomal dominant inheritance has been
described.8-10 The main complications are relative
immobility of the spine and pain and weakness
associated with an upright posture.

Benign autosomal recessive spondylocostal dyso-
stosis is the most frequently described entity within
the group.7 11-18 Within this entity, however, there
are different phenotypes with, for instance, obvious
differences in the shoulder span between cases
described by Beighton and Horan,'7 and those
described by Castroviejo et al. 12 In addition, a variety
of associated malformations have been described,'92'
often relating to the structures which arise from the
paraxial mesoderm in embryological life. Such cases
begin to resemble malformations following the
VATER or VACTERL pattern. There is an additional
category of cases of spondylocostal dysostosis asso-
ciated with miscellaneous malformations.22-24 An
attempt has been made to delineate the groups by
phenotype cluster analysis.21
The subjects of this study are an Arab family who

were identified after the birth of two children in the
pedigree, subjects V1.1 and V1.3 in fig 1. It was
decided to examine them clinically, radiographically,
and the renal system non-invasively by ultrasound.
Seven subjects were identified and this is thought to
be the largest number so far available for study within
a single kindred.

Materials and methods
The pedigree (fig 1) was constructed from our own
knowledge of the family and from data available from
the area cytogenetics service. Affected subjects were
identified by direct questioning of the family.
A clinical examination was conducted and the

following data obtained: height, sitting height, span,
and head and chest circumference.
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Figure 1 Family pedigree.

10

Spinal radiographs of all the affected subjects were
made together with two sets of parents who were
obligatory carriers for the gene. Renal ultrasono-
graphy was performed in all cases. Karyotyping (G
banding) was done on two of the affected children. A
necropsy was performed on the child VI. 1 who died.

Results
All the affected subjects in this large inbred kindred
are the offspring of consanguineous marriages,
leaving no doubt that the mode of inheritance is
autosomal recessive. The father to son transmission,
V.5 to VI.2, is an example of quasi-dominance with
the safe assumption that the partner of V.5 is an
obligatory carrier. Many other consanguineous
marriages existed in the pedigree but only those in
direct line to the affected cases are included.
The results are summarised in tabulated form in the

table. The general stature in an affected adult is
shown in figs 2 and 3. Typical radiological findings
are illustrated in figs 4 to 6, contrasting a case of mild
involvement of the lumbar spine (fig 5) with one
showing severe disruption (fig 6). Similarly, the
appearances in a child (fig 4) can be compared with
those of an adult (figs 5 and 6) and it is noteworthy
that scoliosis is remarkably non-progressive over the
age range of these subjects. There were no apparent
neurological complications, though compression of

s...
,.s...
:

w: 1
E.
. a

Figure 2 General appearance ofcase V.3from the anterior
vew.
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Clinical features of affected family members.

Age at examination
Sex M/F
Height (crown-heel length) (cm)
Sitting height
(crown-rump length) (cm)

Span (cm)
Head circumference (cm)
Chest circumference (cm)
Upper:lower segment
body ratio (expressed
as: sitting height/
height less sitting
height)

Height:span ratio
Vertebral dyssegmentation*

Cervical
Thoracic
Lumbar

Rib number
Right
Left

Rib fusiont
Right
Left

Plagiocephaly-torticollis
Inguinal hernia(e)
Karyotype

V.3

20 y
M

148

68-5
NR
58
90

V.4

31 y
F
131-5

61
153
52 5
81

V.5

29 y
M

139

68
NR
59.5
99

0-86 0-87 0-96
- 0-86 -

VI.1 VI.2

21/2 mth 25 mth
M M
50 (crown-heel) 72

32 (crown-rump) 42
NR NR
37-7 51 5
325 47-5

1-78

+ + + +

++ ++ ++ ++

+ ++ ++ +

11 11 11 10
11 10 10 11

+ + ++

+ ++ +

+ -+

Left - None

+

1 40

++
++

11
9

++

+

VI.3

31 mth
M
80 5

44.5
90 5
48 5
56

1-24
0-89

+ -+

Bilateral Bilateral Left
Normal 46,XY Normal 46,XY

+ +

++ +

++ +

11 13
10 12

++_

++_

+

* + = Relatively mild changes in the vertebrae. + + =Multiple hemivertebrae.
t+ =Fusion of ribs predominantly at their origins. + + =Fusion present also between the shafts of adjacent ribs.
NR=not recorded.

Figure 4 AP radiograph ofthe spine in case VI.3.

V.8

15 y
F
148

75
147-5
52-6
78

1-03
1 00
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Figure 6 AP radiograph of the spine in case V.4.

FigureS AP radiograph ofthe spine in case V.3.

the spinal cord is a theoretical risk. Figs 7 and 8
illustrate the mild changes found in the spine of case
V. 8. All cases had a similar degree of disruption of the
cervical spine, and all the six severely affected
subjects had a similar involvement of the thoracic
spine. Involvement of the lumbar spine, as illustrated,
was variable in extent. The obligatory carriers, V.1,
V.2, V.6, and V.7, all had normal x rays of the full
spine.

Short stature was a marked feature in the affected
subjects, ranging from -3 SD in VI.3 to -6 SD in
V.4 and V.5. The upper to lower segment body ratios
make it clear that short stature was the result of
shortening of the vertebral column, although this is
not so evident in V.5 despite severe dyssegmentation.
This ratio must be related to age for a meaningful
interpretation in the children. Although the data for
the height:span ratio are incomplete, the measure-
ment in two severely affected cases, V.4 and VI.3,
emphasises disproportionate shortening of the
vertebral column. Subject V.8 was a well proportioned
subject whose centile height was greater than the
severely affected cases but still low at just less than
-2 SD.

Figure 7 AP radiograph of the spine ofcase V.8 illustrating
mild disruption ofthe lumbar spine.
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Figure 9 Appearance, showing plagiocephaly-torticollis
sequence, ofcase V.8.

Figure 8 AP radiograph ofthe thoracic spine in case V.8.

The craniofacial dysmorphism, plagiocephaly-
torticollis sequence, was manifest in five subjects
including V.8. Indeed, it was because of this that she
was identified (fig 9). Cases V.4 (fig 10) and VI.2 had
no obvious plagiocephaly and there was no apparent
correlation of this dysmorphism with the extent of
vertebral disruption.
The head circumference in cases V.3, V.5, and

VI.2 was large (95th centile for VI.2 and >97th
centile for the other two). The sib of VI.2 had also
been investigated for a large head, suggesting a
separate familial macrocephaly in this part of the
kindred.

Inguinal herniation was a prominent feature in
males with four out of five affected, two of these
bilaterally. Renal ultrasonography in all cases was
normal. Karyotyping (G banding) was normal in the
two cases studied.
The child VI.2 was born in another hospital.

Prenatal ultrasound was performed because of the
affected father but no spinal abnormality was detected.

CASE VI. 1
This infant was beset with problems from birth, being
a low birth weight baby of 2275 g at 37 weeks'
gestation. By 3 months of age he had had two

Figure 10 Case V.3 without craniofacial dysmorphism.

hospital admissions with aspiration pneumonia
following vomiting and was diagnosed as having
gastro-oesophageal reflux. From that time he failed to
thrive and was again admitted at the age of 41/2
months. A degree of right heart failure was present,
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an echocardiogram was thought to be normal, and his
symptoms were considered to be the result of a small
thorax and relative pulmonary insufficiency. He
improved a little on diuretic therapy but at 6 months
of age was admitted with a sudden deterioration of his
condition and died. At necropsy he was found to have
a large patent ductus arteriosus, right ventricular
hypertrophy, and a membraneous left diaphragm.

Discussion
It is well accepted that spondylocostal dysostosis is a
heterogeneous condition15 and much of the published
work to date has concentrated on reporting and
delineating different phenotypes and modes of inheri-
tance. The question of variable gene expression
within a particular entity has not been directly
addressed, but the seven affected members of this
kindred lend themselves to such an analysis.
The pedigree points to an autosomal recessive mode

of inheritance and a single gene defect seems likely.
The condition has been described in association with a
chromosomal translocation in three reports,9 26 27 but
in all other instances, where tested, the karyotype has
been normal. Similarly, the association with lysergic
acid diethylamide intake in early pregnancy is an
isolated report and quite likely to be coincidental. In
the mouse embryo, experimental induction of hemi-
vertebrae has been achieved by subjecting the preg-
nant mouse to hypoxic conditions during a critical
period.29 30 While it is unlikely that such an exo-
genous insult has much bearing on the human
condition, which clearly follows defined modes of
inheritance, it does provide plausible clues for an
aetiology which focuses on metabolic processes in
embryological life that are altered because of a
defective enzyme or protein, the result of a single
mutant gene. It can be postulated that variable
expressivity occurs because the susceptible meso-
dermal tissues have a diverse developmental course to
run and many modifying influences will come to bear
on the differentiating structures before the end result
is realised.

In the cases of this study, there were clear
variations in the degree of disruption of the lumbar
vertebrae, and it could be argued on the basis of rib
number that there was also a spectrum of disruption
in the thoracic spine. Cases V.8 and VI.1 appear to be
extremes in the spectrum of expressivity. While a
large patent ductus arteriosus in VI. 1 undoubtedly
contributed to the death of the infant by secondary
pulmonary hypertension and right heart failure, he
had amembranous left diaphragm, also a mesodermally
derived structure. The vertebral involvement in V.8
was so relatively mild that one cannot be sure whether
she was, in fact, a homozygote or a heterozygote.
None of the other large number of sibs, V.9 and V. 10,
was examined because none was volunteered by the

family as an affected subject. It is therefore not known
whether one or both parents, IV.1 and IV.2, were
obligatory carriers.

It is recognised that the plagiocephaly-torticollis
sequence can occur as a result of imbalanced cervical
vertebrae.31 32 This is presumed to be the cause in the
cases which manifest this deformation but it is not
clear why V.4 and VI.2 were spared. One could also
postulate that a separate linked gene is involved which
is lost in some subjects through crossover.

Inguinal herniation has also been recognised in
other cases of spondylocostal dysostosis,21 but in this
family was particularly prominent. It is not clear
whether this is part of the gene expression or whether
it is acquired owing to poor abdominal musculature or
increased intra-abdominal pressure secondary to a
shortened trunk or both.

Significant advances in our understanding of
spondylocostal dysostosis, and other types of vertebral
dyssegmentation, will depend on future identification
of the gene product(s) and, ultimately, the gene(s).

We thank Dr Hannah Cohen, Cytogenetic Service,
Emek Hospital, Afula, Israel, Dr Zully Kohan,
Kaplan Hospital, Israel, and Professor Peter Beighton,
Cape Town, South Africa, for helpful comments and
suggestions. We also thank Miss Jennifer Coward for
secretarial assistance in preparing the manuscript.
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