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Absence/hypoplasia of tibia, polydactyly,
retrocerebellar arachnoid cyst, and other
anomalies: an autosomal recessive disorder

Lewis B Holmes, Raymond W Redline, Douglas L Brown, Amy J Williams,
Tucker Collins

Abstract
Absence or hypoplasia ofthe tibia has been
reported to occur as an isolated hereditary
malformation as well as a feature ofseveral
autosomal recessive and autosomal dom-
inant syndromes. We report three sibs with
absence or hypoplasia of the tibia in as-
sociation with other malformations whose
parents are first cousins once removed.
These infants appear to have a "new"
autosomal recessive syndrome.

(J7Med Genet 1995;32:896-900)

Absence or hypoplasia of the tibia is a rare
congenital malformation which may occur as
an isolated malformation or as part of a multiple
malformation syndrome (table 1) .113 We report
a family in which three affected sibs of related
parents had a syndrome of multiple anomalies,
including absence or hypoplasia of the tibia.
The other anomalies include a variable pattern
of pre- and postaxial polydactyly of the hands
and feet, syndactyly of the toes, shortening of
other long bones, and a cerebellar subarachnoid
cyst. This phenotype appears different from
those reported previously.
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Case reports
The mother was interviewed before and after
the birth of her second and third affected chil-
dren. In none of her pregnancies was there an

exposure to a known human teratogen. The
family history showed that the parents are first
cousins once removed. The mother had no

skeletal malformations and reported none in
her husband.
The first affected infant, a female, was born

at term in the Dominican Republic (table 2).
The mother was told by the physician who
delivered this infant that she had a large head,
unilateral cleft lip deformity, absence of the
diaphragm, and short legs with the feet turned
outwards and extra toes on the outer aspect of
each foot. No records were available to confirm
these findings.
The second affected infant, a male, was dia-

gnosed by prenatal ultrasonography at 20 weeks
of gestation as having a small (1 cm) cystic
mass in the posterior fossa, a unilateral choroid
plexus cyst, bowing of the radius and ulna and
polydactyly of both arms, absence of the tibia,

a club foot deformity, and polydactyly of both
feet. The pregnancy was terminated electively
after a prostaglandin infusion at 21 weeks of
gestation. This fetus weighed 360 g (normal
mean (1 SD) 353g (125)),'4 had a head cir-
cumference of 19 cm, crown-rump length of
20 cm (normal mean (SD) 18-9 cm (4 8)), and
crown to heel length of 24-5 cm (normal mean
(SD) 26 2 cm (3 6)). The head appeared en-
larged and had a hole (1 5 x 1 0 cm) in the
calvarium in the left occipital area. In as-
sociation with a visible bulge in the occipital
region (fig 1), there was a multiloculated
(1-5 x 10 cm) retrocerebellar subarachnoid
cyst in the posterior fossa and a normal ce-
rebellar vermis, which excluded the diagnosis
of a Dandy-Walker cyst. There was no cleft lip
or palate deformity. The facial features in-
cluded a prominent bridge of the nose, max-
illary hypoplasia, and small chin. The
diaphragm was intact. There was a long mes-
entery with a partial malrotation of the large
bowel. There was a single extra digit on the
ulnar aspect of each hand (fig 1), but no syn-
dactyly. The distance between the knees and
ankles appeared shortened. An extra well
formed toe was present on the inner aspect of
the left foot; there was no syndactyly. The
right foot showed an enlarged fifth toe with
duplication of the fifth toenail and syndactyly
between the fourth and fifth toes.
Postmortem radiographs showed absence of

the tibia and a bowed fibula (fig 2). There was
no synostosis of the tarsals, the ankle bones
were ossified, but the possibility of synostosis
could not be ruled out. There was no apparent
shortening of the radii. The extra digit was
associated with an extra metacarpal in the

Table 1 Phenotypes that include absent tibia

Autosonial recessive
(1) Isolated absence of the tibia8
(2) Tibia hemimelia, bifid femur, and split hand/foot3
(3) Tibia hemimelia and deafness'
(4) Tibia hemimelia and cleft lip/palate"'

Autosomal dominant
(1) Isolated absence of the tibia5
(2) Aplasia of tibia and preaxial polydactyly or absent

thumb4
(3) Tibia hemimelia and split hand/foot3
(4) Tibia hemimelia and duplication of ulna and fibula2
(5) Tibia hemimelia, shortened limbs, and

trigonomacrocephaly7
(6) Absence of tibia and radius6
(7) Sandrow's syndrome of duplication of hands and

feet, nose defect, and tibia hypoplasia'3
(8) Hypoplastic tibiae with postaxial polysyndactyly" 2
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Table 2 Phenotypes

Features Case 1 Case 2 Case 3
(female) (male) (male)

Retrocerebellar (arachnoid cyst) "Fluid on brain" + +
(by history)

Ventriculomegaly ? + +
Cleft lip + - -
Diaphragmatic agenesis + ? ?
Malrotation of colon ? + ?
Radius shortened ? - +
Tibia hypoplasia/absence + + +
Polydactyly
Hands (postaxial) + +
Feet + - +

(Post) (Pre)
Syndactyly of toes 4-5 - +

hands and with an extra metatarsal in the feet.
Chromosome studies on amniocytes with
Giemsa, Dappi, and Methyl A3 stained meta-
phases showed a normal 46,XY karyotype.
The third pregnancy was monitored by pre-

natal ultrasonography, which suggested by 12
weeks of gestation that the fetus had a club
foot deformity. Prenatal ultrasonography at 19
weeks of gestation identified dilated lateral ce-
rebral ventricles, a retrocerebellar cyst (fig 3),
shortening of the tibiae, and polydactyly of
the feet. After an elective termination by a
destructive procedure, the neuropathology and
status of the diaphragm, heart, intestine, liver,
spleen, and gonads could not be assessed.
There was no cleft palate or polydactyly of
either hand. There was preaxial polydactyly of
both feet (fig 4), medial rotation of the feet,
and shortened tibiae. Radiographs showed
shortened and broad tibiae and fibulae and
widening of the metaphyses of both femora.
Chromosome studies with Giemsa and CA3DA

Figure 1 A picture offetus 2 which shows the prominent
occiput, small chin, postaxial polydactyly of the hands and
feet, and shortened lower leg with positional foot deformity.

Figure 2 The postmortem radiograph offetus 2 which
shows complete absence of the tibia and a bowed fibula.

banding of seven metaphases showed a normal
46,XY karyotype; 24 metaphases were
counted.

Subsequently, this couple has had two nor-
mal pregnancies. These were followed by pre-
natal sonography with no abnormalities
identified and normal infants were born at
term.
HOX genes of several different classes have

been implicated in limb development. As part
of a larger survey of infants with multiple mal-
formations, we performed Southern blot ana-
lysis using probes for several HOX genes,
looking for structural arrangements. DNA was
obtained from infants 2 and 3, the mother, and
the father. A total of 10 jig was digested with
restriction enzymes, screened by Southern blot
analysis and probed with cDNA clones for the
HOXD10, C9, and A9 genes. 15-17 An an-
omalous band of 4-5 kb was identified in
HindIII digested DNA from infant 2 when
probed with the HOXD10 cDNA. HOXC9
and HOXA9 restriction patterns were identical
to all other fetuses tested in the survey (data
not shown). No anomalous HOXD10 band
was found in DNA from infant 3, the mother,
or the father. Additionally, this band was not
seen in samples from 25 other infants with
multiple malformations or in normal adults.

Discussion
In a review of the phenotypes of malformation
syndromes associated with absence or hypo-
plasia of the tibia (table 1), we could identify
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Figure 4 Preaxial polydactyly of the feet offetus 3.

Figure 3 Three images of the intracranial structures in the third affected pregnancy.
(Top) Transverse view of the posterior fossa at 19 weeks shows slightly small cerebellum
(between curved arrows). The cisterna magna (straight arrow) measured 6 mm in
anteroposterior diameter which is normal. (Middle) Image slightly more inferior and
oblique compared to above shows elongated cyst (labelled "C") in the posterior fossa.
Prenatally, this suggested either a Dandy-Walker variant or an arachnoid cyst. The
sonographic appearance of this cyst was identical to that seen in the second affected fetus.
(Bottom) Transverse image more superiorly shows dilatation of one of the lateral ventricles
(labelled "V"). The lateral ventricle in the upper half of the calvarium is not as well seen

owing to noise but was also dilated. Choroid plexus (arrow) is seen in the dilated
ventricle.

none just like the three sibs we report. Since
their parents are unaffected and are related, it
is most likely that this disorder is the result of
a rare autosomal recessive gene. We did identify
two phenotypes which showed some similarity.
First, Burn et all8 reported two sisters who were
considered to have orofaciodigital syndrome
with tibial dysplasia and had been born to
parents who were first cousins. Their facial
features included a broad and flattened nasal
bridge, cleft palate in one, micrognathia, and
hamartomas of the tongue. Their skeletal ab-
normalities included pre- and postaxial poly-
syndactyly, proximal shortening of the tibia
with a generalised mesomelia, and shortened
and poorly ossified bones in the middle phal-
anges. Both girls were delayed developmentally,
had a bilateral conductive hearing loss, and
had oculomotor apraxia. A CT scan ofthe head
showed mild cerebral atrophy in one sister, but
not in the other. Burn et al'8 noted that two
other sets of similarly affected sibs have been
reported with mesomelic shortening of all limbs
and flared metaphyses. Our patients differ in
having retrocerebellar arachnoid cysts, having
no hamartomas of the tongue in the one infant
examined carefully (case 2), and no general
mesomelia. It is particularly important to note
that these children had proximal shortening of
the tibia, whereas the shortening was distal in
our patients. Secondly, Al-Awadi et al"l and
Naguib and Al-Awadi'2 reported a brother and
sister with hypoplasia of the tibia, syndactyly
of toes 2-3, and postaxial polysyndactyly of
both hands. Their parents were related; the
mother had syndactyly, the father had poly-
dactyly, and a sister had polysyndactyly, raising

898

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.32.11.896 on 1 N
ovem

ber 1995. D
ow

nloaded from
 

http://jmg.bmj.com/


Absencelhypoplasia of tibia, polydactyly, retrocerebellar arachnoid cyst, and other anomalies: an autosomal recessive disorder

the possibility that the affected sibs were ho-
mozygous for a dominant gene. The family we
report differs in that neither parent had a limb
malformation and in the other malformations
present.
The potential causes of absence orhypoplasia

of the tibia could include errors in several
different aspects of limb development. For ex-

ample, cells from the primitive streak have
been shown to migrate to the lateral plate
mesoderm.'9 An abnormality of this process

could affect the limb bud which forms from
the mesenchyme cells in the lateral plate meso-

derm. By using coils placed between the som-

ites and the early chick limb bud, Stephens et

al202' have shown that both Hensen's node and
the adjacent axial (somite) structures affect
early chick limb morphogenesis between stages
11 and 15. They showed that the limb was

induced by several different somites; their find-
ings suggest that a deficiency of one portion of
a long bone could be the result of the lack of
an influence from specific somites.

Vertebrate HOX genes at the 5' end of the
A and D clusters are activated sequentially over

two to three days during the development of the
limb.2223 The fact that HOX gene expression in
the mouse closely parallels the expression in
humans'5 16 made it logical to use available
HOXA9 and HOXD1 0 probes, as well as a

third HOX gene (HOXC9), to search for struc-
tural abnormalities in these regions using DNA
from the affected fetuses. While our initial
finding of an abnormal restriction fragment in
the HOXD 10 region of affected fetus 2 was

intriguing, subsequent analysis of DNA from
the similarly affected sib (fetus 3) showed a

normal restriction pattern. Therefore, we have
no evidence that any of these three genes are

involved in this syndrome.
Abnormalities in the transcription factors,

such as HOX, Pax- 1, and Msx- 1, and zinc
finger proteins have been associated with mal-
formations of the developing axial spine and
limb. Mutations in these genes are examples
of the types of primary abnormality that could
produce the hereditary disorder we report. For
example, disruption of the HOXd-13 gene in
the mouse produced several abnormalities, in-
cluding fusion of sacral vertebrae 3 and 4,
reduction in the size or absence of digits, and
postaxial polydactyly in the forelimbs.24 Mice
homozygous for undulated"ae have a point
mutation in the homeobox gene in PAX-1,
in association with multiple vertebral and rib
anomalies.25 Deletions in the GLI-3 gene, a

zinc finger protein, occur in the Greig ce-

phalopolysyndactyly syndrome26 in which
affected subjects have craniofacial ab-
normalities, occasionally hydrocephalus, and
preaxial polysyndactyly of the hands and feet.
The mechanism by which deletions in the GLI-
3 gene causes these malformations is not

known; this gene is expressed normally in the
interdigital space, as well as craniofacial non-
limb structures and brain.27 Msx-1 is expressed
at sites where epithelial mesenchymal in-
teractions are occurring and its expression is
diminished in embryos homozygous for limb-
less. 28

We have confirmed in prenatal screening that
the malformations of the lower legs in fetuses 2
and 3 could be detected as early as 12 menstrual
weeks. This was suspected because of the pres-
ence of the appearance of a "club foot" de-
formity, as was the case in the 16 5 week fetus
with absence of the tibia reported by Ramirez
et al.29

In summary, we have described a new con-
stellation of anomalies characterised by tibial
anomalies, polydactyly, and a large retro-
cerebellar arachnoid cyst which appears to
have an autosomal recessive inheritance pat-
tern.
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