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FIG. 4
Audiogram Case 2 (1989 and 1993). Note deterioration from conductive to mixed sensorineural hearing loss.

bilaterally (Figure 6). Skeletal survey found the bony
changes of craniometaphyseal dysplasia (Figures 5b,
5c and 5d). Adenotonsillectomy and grommet
insertion was undertaken. Post-operatively her hear-
ing and upper airway were improved. Her urine and
serum biochemistry were normal apart from a raised
alkaline phosphatase (559 U/l). Calcitriol treatment
with a low calcium diet was commenced but unlike
the two previous cases with CDD, serum calcium
and calcium-creatinine ratios increased and the
alkaline phosphatase level returned to normal (211
U/l). After two years, no clinical evidence of bone
loss was apparent. Her cranial CT scan was
unchanged. There was no evidence of progressive

cranial nerve entrapment. The calcitriol and a low
calcium diet was stopped. She will continue to have
six monthly ophthalmic and ENT review, annual
renal ultrasound and a cranial CT to monitor her
condition to ensure that it remains stable without
treatment.

Case 4

The facial appearance of the father of Case 3 as a
child was similar to that of his daughter but it
gradually improved during childhood and adoles-
cence. He has never undergone any surgery. He has
not been troubled by epiphora, facial palsy, nasal
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Case 3 age five years (a) Facial appearance, (b) Plain chest X-
ray (midclavicular hyperostosis and sclerosis has resolved), (c)
Plain X-ray of femur with narrow diaphysis and widened
metaphysis "Erhlenmeyer flask" appearance, (d) Plain X-ray

of mandible (e) CT scan including temporal bones (1991).
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FIG. 6
Audiogram Case 3 age five years.

obstruction or hearing loss. They have autosomal
dominant CMD (Figure 7).

Discussion
These four patients demonstrate many of the

typical craniofacial abnormalities and clinical fea-
tures for which these syndromes are known, includ-
ing progressive bony facial deformity, nasal
obstruction and deformity, facial palsy, epiphora,
malocclusion, deafness and blindness.

FIG. 7
Father and daughter (Cases 4 and 3).

Nasal obstruction and deformity
Two of the commonest complaints in patients with

CMD or CDD are nasal obstruction and deformity
(Martin, 1978). Few reports of aetiology or treat-
ment outcomes exist. Adenoidectomy was per-
formed in four instances for nasal obstruction
associated with hearing loss (Martin, 1978) and
choanal stenosis has been treated surgically, all
without a mention of outcome (Kietzer and
Paparella, 1969). Three cases have had unsuccessful
rhinoplasties in which nasal obstruction and de-
formity remained a persistent problem (Macpherson,
1974; Shea et al, 1981; Morgan et al., 1990). Facial
recontouring for cosmetic deformity in Case 2
resulted in bony regrowth by six weeks post-
operatively. Regrowth occurred so rapidly that it
was considered possible that surgery stimulated bone
growth. Case 3 underwent an adenotonsillectomy
with symptomatic relief of upper airway obstruction
which was not entirely due to bony obstruction,
which is a reminder that conventional treatment
continues to have a role in the symptomatic manage-
ment of these patients.

Facial nerve
All three children (Cases 1, 2 and 3) had a facial

palsy. Case 2 had a bilateral facial palsy from 10 days
of age, Case 1 had a mild weakness of the left facial
nerve noted at one year of age which became a
complete palsy suddenly at the age of four. Case 3
had a mild left facial palsy which has not deterio-
rated further. It has been presumed that a dis-
turbance of facial nerve function develops from bony
encroachment upon the facial nerve along its course
in the temporal bone. The exact mechanism and
topographical site giving rise to a facial palsy has not
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been previously determined. From the CT scans we
can see that the facial canal is narrowed at the
geniculate ganglion (Figure le). Facial nerve decom-
pression has never been reported. We do not
recommend it as the benefits are likely to be
shortlived and the technical difficulties and risks
enormous (with a sclerotic mastoid, ivory-hard bone
and all landmarks obscured by bony overgrowth to
deal with). Optic nerve decompression has been
reported to be technically difficult with restenosis of
the optic canals after three years in one report and a
reduction in vision after attempted decompression in
another (Puliafito et al., 1981).

Otological findings

Previous reports describing gross hyperostotic
changes of the annulus and promontory, a markedly
constricted additus and attic, the ossicles enveloped,
and the Eustachian tube and both labyrinthine
windows obstructed by bony overgrowth (Kietzer
and Paparella, 1969; Shea et al., 1981; Morgan et al.,
1990) are consistent with ours. The conductive
hearing loss found in Cases 1, 2 and 3 could be
accounted for by the middle ear findings which
included gross bony overgrowth and encroachment
upon the attic and around the ossicles. There was
complete obliteration of the middle ear cavity in
Case 2 (Figure 3f). The ossicles appeared normal in
Case 1 (Figure 1). Grommet insertion did provide
some benefit for the conductive loss associated with
otitis media with effusion found in all three children
at an early stage. Narrow external auditory canals
may prevent further grommet insertion as occurred
in Case 2. Shea et al. (1981) performed a stapedect-
omy and total ossicular replacement graft for a
stapes which was fixed in the oval window by bone
with an improvement in the conductive hearing loss.
How long the hearing result lasted is unreported.
Given the natural history of progression of bony
overgrowth and the possibility that surgery stimu-
lates this in CDD, a bone anchored hearing-aid for a
conductive loss (as in Case 1) has been dismissed due
to the risk that bone may overgrow the bone
anchored implant fixture and/or the final abutment.

The aetiology of the sensorineural hearing loss
which develops in severe CMD and in CDD has not
been identified before. Three mechanisms have been
suggested: 1) bony encroachment upon the auditory
nerve in the internal auditory canal; 2) extensive
bony closure of both labyrinthine windows; and 3)
bony invasion of the cochlea (Kietzer and Paparella,
1969). We noted no abnormalities in the cochlear
structures in any of our cases on their CT scans.
Narrowing of the internal auditory meati was present
in Cases 1 and 2 but not in Case 3. A sensorineural
hearing loss has developed only in Case 2 to date. It
is known, however, that the IAM can be very narrow
in association with normal hearing if the constriction
occurs slowly, allowing for compensation in the
blood supply (Dr P. D. Phelps, personal commu-
nication). A fourth possible aetiology is disruption of
the flow of cochlear fluids. However, cochlear

aqueduct constriction was not evident in CT scans
of Case 2 when a marked sensorineural hearing loss
had developed. Hence, most of the evidence does
suggest that narrowing of the IAM, with compromise
of the auditory nerve, gives rise to the sensorineural
hearing loss associated with these syndromes. As
such, a cochlear implant would not be appropriate.

Epiphora
Syringing and probing of the nasolacrimal ducts

was not useful. Dacryocystorhinostomy provided
some symptomatic benefit, but restenosis is likely
to occur in the more severe forms of these
syndromes (as in Case 1).

Medical management
As long as the underlying bone modelling

defect(s) in these disorders remains largely unex-
plained, medical therapy will be experimental. The
regulation of bone turnover and hence the main-
tenance of calcium balance and homoeostasis
involves parathyroid hormone (PTH), calcitriol (1-
25 (OH)2 Vit D3) and calcitonin. In bone, PTH
increases the number and osteolytic activity of
osteoclasts and osteocytes, thereby mobilizing both
calcium and phosphate. Vitamin D metabolites (1-25
(OH)2 Vit D3) are necessary for this process.
Treatment with calcitriol and a low calcium diet is
suggested to be effective in depleting the bony
skeleton with the risk of hypocalcaemia, decalcifying
the normal skeleton, and nephrocalcinosis. However,
calcitriol has been found to stimulate osteoclastic
resorption in osteopetrosis without producing hyper-
calcaemia if dietary calcium was severely restricted
(Key et al., 1988). Calcitriol stimulates the resorption
of bone by promoting recruitment and differentia-
tion of monocytic precursors to form multinucleated
osteoclasts on actively remodelling bone surfaces
(Roodman et al., 1985). On the basis that net bone
formation would be diminishing using calcitriol and a
low calcium diet, this treatment was commenced in
all three children. The low calcium diet was to
prevent further deposition of mineral in bone and
allow the calcitriol-induced osteoclasts to reduce the
skull bone mass. In CMD (Case 3) the urine calcium/
creatinine ratios were intermittently raised suggest-
ing that there was some mobilization of mineral from
bone as a result of calcitriol treatment. In CDD
(Cases 1 and 2) calcitriol in conjunction with a low
calcium diet caused no appreciable increase in the
urine calcium-creatinine ratio and no change in
serum calcium levels. Once this treatment had been
used in Cases 1 and 2 with no appreciable arrest of
progression of bony growth over a period of more
than two years, alternative therapies were sought.
Bone biopsy histopathology has found increased
numbers of osteoblasts. Hence, therapy directed at
the osteoblasts was sought and is now under trial.
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Conclusion
Nasal obstruction with choanal stenosis is often the

earliest presenting complaint in these rare syn-
dromes. The hearing abnormality appears to pro-
gress from a conductive to a mixed sensorineural loss
in CDD. We found both middle ear and I AM
abnormalities exist in CDD. Surgical intervention in
these conditions is palliative, technically difficult due
to the ivory-hard bone and the benefits are short-
lived. The underlying pathophysiological abnormal-
ity is yet to be fully understood. The aim of medical
treatment is to disrupt the underlying bone disorder.
Arresting net bone growth in the early stages would
avert the devastating consequences in the severe
forms of CMD and CDD. Early diagnosis is crucial
to allow early commencement of medical therapy as
well as appraisal of likely prognosis and surgical
outcomes.
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