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Growth Hormone Deficiency, Wormian Bones,
Dextrocardia, Brachycamptodactyly, and Other

Midline Defects
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We report on a 17-month-old boy with Wormian
bones, short stature, growth hormone deficiency,
developmental delay, brachycamptodactyly, dex-
trocardia, cryptorchidism, midshaft hypospadias,
hypoplastic left kidney, and imperforate anus.
This unique combination of abnormalities has
not been reported previously.
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INTRODUCTION

Hypospadias has been reported to occur with other
midline defects. We report on a child with a variety of
midline defects who also had brachycamptodactyly, Wor-
mian bones, and isolated growth hormone deficiency,
constituting what we feel is a new syndrome.

CLINICAL REPORT

A 17-month-old boy was referred for evaluation of short
stature. He was the second born to healthy nonconsan-
guineous parents. The family history was unremarkable
except for a maternal first cousin with hypospadias. The
mother smoked one pack of cigarettes per day and occa-
sionally drank alcohol. She had an upper respiratory
infection at 5 months gestation, and several days of a
febrile gastroenteritis at 7 months. The patient was born
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by repeat cesarean section at 39 weeks. Birth weight
was 1956 g (—4 SD) and length was 45.7 cm (10th cen-
tile). A low imperforate anus was repaired neonatally.
Additional defects were a penile hypospadias, bilateral
cryptorchidism, and an abnormal cardiac contour on
chest film. The phallus was not considered small. Chro-
mosomes were normal 46,XY. He was initially hyper-
tonic with truncal extension, which has improved with
time. He has been healthy except for repeated middle
ear infections resulting in the insertion of tympanos-
tomy tubes at age 12 months. Within 2 weeks of surgery
he began sitting without support and crawling. At 13
months he was pulling to stand and saying “mama.”
Shortly thereafter he was cruising, and by 15 months he
walked alone.

At a physical examination at 17 months the patient
was measured at a length of 68 cm (—5 SD, and height-
age of 7 months) and weighed 6.85 kg (—4 SD). The head
was high anteriorly and sloped to a low occiput (Fig. 1).
Occipto frontal circumference (OFC) was 45.5 cm (3rd
centile). The palpebral fissures sloped downward. The
eyelashes were dense, but in a single row. Inner canthal
distance was 2.5 cm (50th centile) and outer canthal
distance was 7.2 cm (25th centile). The ears were nor-
mally shaped and 5 cm long (50th centile); the right ear
was apparently low-set and posteriorly angulated. The
nasal bridge was high and wide, with a wide tip, small
alae, and a very short columella. The philtrum was
relatively smooth and the vermillion border was thin.
The palate was high with a wide alveolar ridge and
single midline maxillary incisor, although there was a
midline maxillary frenulum. The jaw was slightly re-
truded and lay in the general line of a posteriorly slop-
ing facial plane.

The chest had a greater anterior-posterior (AP) than
transverse diameter. There was a 1 cm unbilical defect.
The phallus was uncircumcised, and there was a ventral
midshaft opening and bilateral cryptorchidism. The anus
appeared normally placed. There was no limitation of
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Fig. 1. Propositus.

any joint motion except in the hands. Total hand length
was 7.2 cm (3rd centile), while middle finger length was
only 2.4 ecm (-5 1/2 SD). All fingers were distally ta-
pered and had fixed flexion contractures (Fig. 2). Finger-
tip dermatoglyphics included ulnar loops on right 2 and
5 and left 1, with whorls on all others. Palmar creases
were normal and axial triradii were in the T position.
The feet measured 9.3 cm (< 3rd centile) with short first
toes. There was no wrinkling or pigmentary change of
the skin.

Fig. 2. Short camptodactylous fingers.

Comprehensive developmental assessment showed
mild global delays with the following developmental
quotients: gross motor, 88; fine motor, 59; selfhelp, 82;
receptive language, 71; expressive language, 71; and
problem solving, 71. Some delay in fine motor skills was
attributed to the flexion contractures. There was also
some concern that lack of exposure to age appropriate
developmental toys may have influenced his per-
formance.

Roentgenograms showed multiple Wormian bones with
open sutures (Fig. 3). There was a single midline maxil-
lary incisor with 2 unerupted lateral primary incisors
and 2 permanent central incisor buds. The middle and
distal phalanges were small (Fig. 4). Bone age was 1 1/2
year [Gruelich and Pyle, 1959]. The remainder of the
skeleton was normal. Enhanced cranial CT scan with
sellar cuts was normal. ECG showed left axis deviation,
and echocardiography showed rightward rotation of the
heart with normally oriented ventricles and a patent
ductus arteriosus. Intravenous pyelogram (IVP) showed
a small (52 mm length vs. 70 mm on the right) and
poorly functioning left kidney. Cystourethrogram failed
to show a patent urethra distal to the ventral opening.
Serum electrolyte, glucose, calcium, phosphorus, mag-
nesium, uric acid, total protein and albumin levels, and
complete blood count were normal. BUN remained ele-
vated around 30 with normal creatinine on 2 studies.
SGOT was slightly elevated at 53 (nl 10-42) with normal
SGPT, gamma GT, and lactic dehydrogenase (LDH). To-
tal T4 and thyroid stimulating hormone (TSH) levels
were normal. AM cortisol level was normal, with failure
to secrete growth hormone on L-dopa/arginine stimula-
tion according to the method of Weldon et al. [1975].



Fig. 3. Hand. Note Wormian bones in lambdoidal sutures and pari-
etal bones.

Fig. 4. Radiograph of right hand. Note flexion of interphalangeal
joints including thumb.

DISCUSSION

This child presents a unique combination of abnormal
skull growth with unusual face, growth hormone defi-
ciency, developmental delay, brachycamptodactyly, and
several midline defects.

Wormian bones can be seen in several entities, remem-
bered with the mnemonic ICHOP. The first is idiopathic,
with two or more bones being seen in a small percentage
of the general population. Cleidocranial dysos-
tosis was considered because of the patient’s narrow
shoulders, but the normal radiographic appearance of
the clavicles and pelvis along with other defects present
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make both the classic form and the similar-appearing
cases described by Goodman et al. [1975] and Yunis and
Varén [1980] unlikely. Hypothyroidism is excluded be-
cause the patient’s thyroid function is normal. Osteogen-
esis imperfects (OD occurs in several clinical forms with
varying severity of fractures and scleral hues [Byers and
Bonadio, 1985]. The sibs with OI reported by Heide
[1981] had brachycamptodactyly but were also blind and
lacked midline defects. Also included in the OI group is
Grant syndrome [Maclean et al., 1986], a combination of
abnormalities that also includes blue sclerae, abnormal
shoulder function, and bowed limbs. Our patient does
not appear to fit into this group of diorders. Pynknodys-
ostosis was also considered because of the growth fail-
ure, but lack of osteosclerosis excludes this diagnosis.

In arthro-dento-osteo dysplasia (Hajdu-Cheney syn-
drome), persistent Wormian bones may also be seen
[Herrmann et al., 1973), but our patient had no hyper-
extensible joints or osteolytic lesions.

Neuh&user et al. [1976] reported a series of patients
with short stature and abnormal skull growth from pre-
mature fusion of the posterior sutures (Craniofacial dys-
synostosis). The resultant increased frontal growth gave
a characteristic high broad forehead with downward
slope of the palpebral fissures. The nose was also pecul-
iar in some of their patients, with a very short nasal
septum and small nasal alae similar to our patient.
None of the other subjects had other defects similar to
our patient.

When the cardiac image is shifted rightward, one gen-
erally thinks of “dextrocardia,” a term that implies that
the ventricular mass is in the right chest [Garson, 1983].
This occurs in 3 conditions: mirror-image dextrocardia,
when the anatomic right ventricle is to the left and
anterior; ventricular inversion, when the ventricles are
malposed, giving left axis deviation like that seen on
our patient’s ECG; and dextroratation, when the ventri-
cles are normally positioned, and the heart is shifted
and rotated to varying degrees into the right chest.
Since the echocardiagram showed normal ventricle po-
sition, our patient had the third entity, dextrorotation.
This condition is less likely to be associated with abnor-
mal cardiac loop formation, and the unusually narrow
chest seen in our patient may have contributed to this
finding.

Hypospadias occurs in 2-8.2/1000 liveborn males
[Leung et al., 1985]. A complicated interplay of tissue
growth and induction and hormone influence is needed
for proper urethral development between the 8th and
12th gestational weeks [Bellinger, 1981]. This defect
may occur as an isolated defect with both autosomal
recessive [Frydman et al., 1985] and autosomal domi-
nant inheritance [Page, 1979; Lowry and Kilman, 1976].
Leung et al. {1985] found that 20% of their 264 hypo-
spadias patients had at least one additional birth defect.
Nine had bilateral cryptorchidism, 4 had imperforate
anus, and 35, 14, and 28 had other nonspecified defects
of the limbs, urinary tract, and cardiovascular system,
respectively.

Syndromal hypospadias is seen in combination with
hypertelorism in the G and the BBB syndrome(s). Some
researchers think these can be differentiated in later
life by facial differences [Cordero and Holmes, 1978].
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Our patient did not resemble patients with either syn-
drome. In their review of the G and BBB syndromes,
Funderburk and Stewart [1978] found prominent fore-
head (2/12 vs. 2/15) and imperforate anus (3/19 vs. 2/15)
to be equally distributed between the two syndromes.
Antimongoloid slant of palpebral fissures (3/15), short
hands (1/15), cryptorchidism (6/15 vs. 1/18), and cardio-
vascular anomalies (3/14 vs. 1/5) were seen more fre-
quently in the BBB syndrome. Our patient’s mother had
relative hypotelorism, making inheritance of either syn-
drome through her an unlikely explanation for the oc-
currence of hypospadias in her son and nephew.

Our patient had several midline field defects, as de-
fined by Opitz and Gilbert [1982]. This combination of
defects can be seen in the VACTERL association. In 90
cases of imperforate anus, Filippi [1972] found 4 cases of
cryptorchidism, 3 of “atrophy” of a kidney, and 6 of
hypospadias. He listed no cases of camptodactyly or
brachydactyly. Khoury et al. [1983] found 4 cases of
dextrocardia among their VACTERL patients. We do not
know what form of dextrocardia was seen or if this was
isolated or in combination with other cardiac defects.
Hersh et al. [1986] reported a child with the VACTERL.-
like Townes syndrome who was the first with that syn-
drome to have hypospadias and congenital heart dis-
ease. This syndrome includes abnormally shaped ears
and radial defects not seen in our patient.

Camptodactyly is seen in several syndromes, as sum-
marized elsewhere [Welch and Temtamy, 1966; Good-
man et al., 1972; Gordon et al., 1969; Poznanski, 1984].
Grosse [1974] reported a family with the Rabenhorst
syndrome. The family reported by Say et al. [1976] had
triphalangeal thumbs and patellar dislocation not seen
in our patient. Canti et al. [1980] added a unique family
to the list of associations: the Guadalajara camptodac-
tyly syndrome and later the Guadalajara II syndrome
[Cantui et al., 1985]. None of these bear clinical resem-
blence to the condition seen in our patient. Hall et al.
[1982] provided an extensive review of distal arthrogry-
posis. Other than short stature, there were no other
similarities to our patient.

The relatives reported by Edwards and Gale [1972]
with camptobrachydactyly had similar hand features,
but only the presumed homozygous child (VI-8) had hy-
pospadias. The sibs with W syndrome [Pallister et al.,
1974] had less extensive camptodactyly, a high forehead
and short philtrum and nasal septum similar to those of
our patient, but also had other skeletal defects not seen
in our patient. Patient 8 of Currarino and Waldman
[1964] had bilateral 4 and 5 camptodactyly, ptosis, left
ureteropelvic obstruction, and possible pituitary dwarf-
ism. Their patient 12 had imperforate anus, club feet,
hydrocephalus, and absent right pectoral muscle.

The association between midline facial defects and
growth hormone deficiency is well known. Rappaport et
al. [1977] reported 5 children with the association of
growth hormone deficiency and single upper central in-
cisor. Since absence of the midline maxillary frenulum
may the the most subtle finding of the holoprosen-
cephaly sequence, presence of a midline frenulum makes
our patient’s single tooth less likely to be associated
with holoprosencephaly. Two premanent central incisor

tooth buds and a normal cranial CT scan confirm this
assumption.

In summary, we present a patient with several mid-
line defects seen in the VACTERL association: cranio-
facial features of craniofacial dyssynostosis, brachy-
camptodactyly, Wormian bones, growth hormone defi-
ciency, dextrocardia, and developmental delay. To our
knowledge, a similar pattern of abnormalities has not
been previously reported. He appears to have a new
syndrome, but there is insufficient information to spec-
ulate on its mode of inheritance.
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