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Abstract

This current case report describes two rare cases of children with both hearing loss and snoring.
Case I, a I7-month-old male patient, and case 2, an | |-year-old male patient, both presented
with nasal obstruction, snoring and hearing loss. Physical examinations showed obvious enlarge-
ment of the head circumference and special facial features. The two children underwent otolar-
yngology examinations, endoscopy, hearing tests, laboratory examinations for bone metabolism
markers, cranial computed tomography, X-rays and genome-wide exon sequencing. The first case
was diagnosed with craniometaphyseal dysplasia, which was relieved after giving a low-calcium
diet. The second case was diagnosed with osteopathia striata with cranial sclerosis by gene
sequencing. Snoring improved after medication and the speech and quality of life improved
with a hearing aid. Paediatric otolaryngological physicians need to have a deeper understanding
of congenital diseases involving the bones. Only by genetic testing to determine the pathogenesis
can those children be given the correct treatment, which is of great importance for improving
their prognosis.
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Introduction

Children with otolaryngological problems
often suffer with a stuffy nose, snoring
and mouth breathing along with hearing
impairment. The most commonly diag-
nosed condition is obstructive sleep
apnoea hypopnoea syndrome (OSAHS).!
In the diagnosis of this disease, physicians
need to carefully exclude maxillofacial
abnormalities and neuromuscular diseases.’
Maxillofacial abnormalities include micro-
gnathic deformity, Down’s syndrome and
giant tongue." A clinical understanding of
maxillofacial abnormalities and their impli-
cations in the diagnosis and treatment of
congenital diseases involving the bones is
currently insufficient. With the implementa-
tion of the precision medicine concept, this
current case report describes two rare dis-
eases that presented with similar symptoms,
but that yielded very different final diagno-
ses and ultimate intervention requirements.
The reporting of these two cases conforms
to CARE guidelines.’

Case report

Case |
In November 2015, a 17-month-old
male with snoring, nasal obstruction,

open-mouth breathing and poor hearing
response presented to the Department of
Otolaryngology and Head and Neck
Surgery, Shanghai Children’s Hospital,
Shanghai, China. The child was born by a
natural birth. Except for a large head cir-
cumference (38 cm), he did not have prena-
tal or perinatal complications. His length
was 49.3cm at 12 months of age. He was
found to have a stuffy nose at 2 months of
age, but that did not affect his quality of
life. At 6 months of age, the fibre nasal
laryngeal mirror showed bilateral posterior
naris stenosis, but he was not given special
treatment. By the time he was 1 year old,

nasal obstruction had become so serious
that he had to open his mouth to breath.
Physical examination at that time showed
the following: head circumference was
Slcm; the forehead was prominent; the
occipital bone was prominent; the nasal
ridge was swollen and widened; cartilage
was low; the distance between the eyes
was widened inconspicuously; the alveolar
bone was thick; the teeth were small; there
were 16 teeth; the fontanelle was not closed;
limb muscle tension and muscle force were
normal; he had no facial paralysis and no
abnormal nerve reflex. Nasolaryngoscopy
showed that the bilateral posterior nostril
openings were pinhole-sized; the nasal
base heaved and the hard palate bone was
thickened. The nasal endoscope with a
diameter of 1.8mm could not enter
beyond 3.5cm of the nasal cavity. No
abnormalities were found in the bilateral
tympanic membranes. Hearing examination
showed that tympanometry-acoustic immit-
tance testing was ‘B’ in both ears.
Otoacoustic emission was not elicited from
both ears. Auditory brainstem response
findings were as follows: 1~V waves of
both ears were slightly delayed and V
waves were elicited from 50 decibel hearing
loss (dBHL). There were no abnormalities
in intracranial pressure, vision or intelli-
gence (Figure 1).

Case 2

In December 2017, an 1l-year-old male
with snoring, nasal congestion and poor
hearing presented to the Department of
Otolaryngology and Head and Neck
Surgery, Shanghai Children’s Hospital,
Shanghai, China. Previously diagnosed
with mental retardation and pituitary
growth hormone deficiency, he had been
receiving growth hormone therapy for
2 years. Physical examination showed the
following: a large head circumference of
62 cm; other special features of a prominent
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Figure I. Computed tomography, digital radiography and facial appearance of a |7-month-old male patient
that presented with snoring, nasal obstruction, open-mouth breathing and poor hearing response (case |):
(a and b) the bone density of the skull had increased significantly and the bone plate had thickened; (c) the
middle ear cavities were narrowed, while the lumen of the labyrinthine (vestibular, semicircular and
cochlear) bones had become sclerotic and the ossicular chain had thickened; (d and e) the sinus cavity was
small and the nasal cavity was obviously narrowed. The nasal bone was thickened with abnormal mor-
phology; (f) an X-ray image showed pronounced metaphyseal flaring in the distal femora and ‘Flask defor-
mation’ of the proximal metaphysis on both sides (Erlenmeyer flask configuration) and (g) the facial
appearance of the patient showed a wide nasal bridge, paranasal bossing, widely spaced eyes with an
increased bizygomatic width and a prominent mandible.
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forechead, flat face, high cheekbones, low
nasal bridge, epicanthus, high palate arch,
grade II tonsillar hypertrophy, but with
no tympanic membrane abnormality.
Audiometry showed (pure tone) the follow-
ing: moderate-to-severe mixed hearing loss;
bone conduction bilateral ears 21 dBHL;
air conduction right ear 56 dBHL, left ear
63 dBHL (the mean value of 500, 1k, 2k
and 4k Hz octaves). Acoustic reactance
was binaural type B. Fibreoptic nasophar-
yngoscopy revealed adenoid hypertrophy
and blocking of 2/3 of the posterior
nostril area.

Laboratory findings

In both children, the parathyroid hormone,
25-hydroxyvitamin D3, serum calcium,
serum phosphorus and 5-nucleotidase
levels were normal (Table 1). Serum osteo-
calcin, combined p-CrossLaps and serum

alkaline phosphatase were significantly
increased, indicating abnormal bone
metabolism.

Radiological examination

In case 1, cranial computed tomography
showed that the density of the frontal

skull, parietal, skull base and facial bones
had increased; the bone plate had thick-
ened; the upper and lower jaw protruded
and were thickened and wider. The maxil-
lary sinus had ossified. The middle ear
cavity had shrunk and the labyrinthine (ves-
tibular, semicircular and cochlear) bones
had become sclerotic. The mastoid cavity
had disappeared, ossified and had no tym-
panic effusion; and the ossicular chain had
thickened. The distal femur was significant-
ly enlarged; the metaphysis was flared; and
the femur and tibial diaphysis were hyper-
trophic — ‘flask deformed’. The clavicles
and ribs were sclerotic (Table 2). In case
2, cranial computed tomography showed
that the skull was obviously thickened; the
corpus callosum was small; and the
hypophysis was small. The mastoid process
of the middle ear was small, the ossicular
chain was thickened and there was no effu-
sion in the tympanum (Figure 2). There was
no significant abnormality in the femur.

Genetic testing

Both patients were tested using second-
generation sequencing by the Institute of
Genetics, Shanghai, China. In the first

Table |I. Bone metabolism data for two paediatric patients that presented with hearing loss and snoring.

Case |

Parameter First visit Second visit” Case 2 Reference range

Parathyroid hormone, pmol/l - 3.48 4.99 1.58-6.83

Serum osteocalcin, ng/ml - 95 140.80 14—16

Combined f3-CrossLaps, ng/ml - 1.76 2.06 0.04-0.78

25-hydroxyvitamin D3, ng/ml - 223 54.35 30-100

Serum alkaline phosphatase, U/l 884 673 305 104-345 (1-3 years old)
93-309 (46 years old)
86-315 (7-9 years old)
42462 (10—12 years old)

Serum calcium, mmol/l 2.44 243 2.35 2.2-2.75

Serum phosphorus, mmol/l 1.67 1.36 1.59 1-2.15 (I m-3 years old)
0.84—1.85 (4100 years old)

5'-nucleotidase, U/I 3 2 2 (N

?After 2 months on a low-calcium diet.
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Table 2. Radiological manifestations observed in two paediatric patients that presented with hearing loss

and snoring.

Case |

Case 2

The distal femur was significantly enlarged,
the metaphysis was flared and the femur
and tibial diaphysis were hypertrophic —
‘flask deformed’.

The clavicles and ribs were sclerotic.

Skull frontal, parietal, skull base and facial

Femur X-ray findings

Cranial and facial

computed bone density had increased. The bone
tomography plate had thickened. The upper and
findings lower jaw protruded, was thickened and

wide. The bone thickness in the fore-
head was 14.22 mm. The middle/lower
turbinate was significantly thickened.
The nasal septum was 8.44 mm thick and
the nasal cavity and posterior nostrils
were significantly narrowed. The
maxillary sinus was ossified. The

middle ear cavity had shrunk and the
labyrinthine (vestibular, semicircular and
cochlear) bones had become sclerotic.
The mastoid cavity had disappeared,
ossified and had no tympanic effusion.
The ossicular chain had thickened. The

There was no significant
abnormality in the femur.

The skull was obviously thick-
ened, the mastoid process of
the middle ear was small, the
ossicular chain was thickened
and there was no effusion in
the tympanum.

width of the optic canal was normal.

case, a heterozygous mutation in the
ANKH inorganic pyrophosphate transport
regulator (ANKH) gene was detected, so he
was diagnosed with craniometaphyseal dys-
plasia (CMD) (OMIM 123000). The second
case was found to have a c.228delA (exon 2)
mutation in the APC membrane recruit-
ment protein 1 (AMERI) gene, so he was
diagnosed with osteopathia striata with cra-
nial sclerosis (OSCS) (OMIM 300373).

Treatment

Case 1 received a low-calcium diet that con-
tained approximately 150mg per day
achieved by restricting calcium-rich foods
such as milk, beans or bean soup, oysters,
shrimp and cauliflower for 3 months. His
nasal congestion and snoring were signifi-
cantly improved and biochemical indicators

were also improved, but the hearing
and appearance remained unchanged.
Nasolaryngoscopy showed that the bilateral
posterior nostril openings were still pinhole-
sized, the nasal base was elevated and the
hard palate bone was thickened at 4 years
of age. Case 2 was treated by a physician at
another hospital for ‘snoring for several
years, hearing loss’” when he was 11 years
old. He was previously incorrectly diag-
nosed with ‘OSAHS and secretory otitis
media, mixed hearing loss’ and was recom-
mended for surgery in that hospital . When
he presented at our hospital for surgery, our
department found that the child had
special features. He was given mometasone
furoate aqueous nasal spray (one spray per
nostril, once a day for 2 months) and 5mg/
day montelukast oral, once a day for
2 months. He was then advised to undergo
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(d)

Figure 2. Computed tomography, digital radiography and facial appearance of an | |-year-old male patient
that presented with snoring, nasal congestion and poor hearing (case 2): (a and b) the skull bone plate was
thickened and increased density osteosclerosis was clearly observed; (c) the mastoid process of the middle
ear was small, the ossicular chain was thickened and there was no effusion in the tympanum. The tympanic
cavity and the tympanic antrum were well inflated. There was no stenosis or expansion of the internal
auditory canal; (d) an X-ray of the femur showed no significant abnormality and (e and f) the facial
appearance of the patient showed special features of a prominent forehead, flat face, high cheekbones,

low nasal bridge, epicanthus and a high palate arch.

genetic testing. After 2 months, the patient
underwent endoscopy, which showed grade
I1° tonsillar hypertrophy, adenoidal hyper-
trophy mildly and obstruction of 1/2 of
the posterior nostril. Snoring had been
improved. Then the child underwent poly-
somnography and hypoxia was not obvi-
ous. After wearing hearing aids, his speech

ambiguity improved, but comprehensibility
was still not good.

These case reports were
by the Ethics Committee of Jiahui
International Hospital, Shanghai China
(no. A-CR-2022001) and written informed
consent was obtained from the parents of
the paediatric patients for the publication

approved
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of their case reports and any accompanying
images.

Discussion

Abnormal facial skull development can lead
to nasal congestion, open-mouth breathing
and snoring. In this current case report,
both children presented with nasal obstruc-
tion, snoring and hearing loss. Physical
examination showed obvious enlargement of
their head circumference and special features
of their general appearance. No tympanic
effusion was found in either case, but hearing
loss was observed in both. Therefore, genetic
testing was recommended.

In case 1, genome-wide exon sequencing
revealed that there was a heterozygous
mutation in the ANKH gene. The ANKH
gene is the only known gene related to auto-
somal dominant CMD.* The clinical mani-
festations caused by this mutation were
consistent with the clinical manifestations
of case 1 and they were diagnosed CMD
(OMIM 123000). CMD is a rare hereditary
bone dysplasia disease characterized by
skull hyperplastic sclerosclerosis with an
abnormally long diaphyseal bone.’ It was
first reported in 1954.% It is an autosomal
recessive or dominant genetic disease.’
CMD is characterized by progressive diffu-
sion of skull bone hypertrophy with distinct
clinically wide nasal bridge, lateral nasal
eminence, bilateral zygomatic  width
increase and a prominent mandible. Tooth
eruption may be delayed or even impossible
due to bone hypertrophy and alveolar bone
hardening. Enlargement and hardening of
the skull can cause compression of the cra-
nial nerves, leading to hearing loss and
facial paralysis, and it can even reduce life
expectancy of patients with CMD. There is
a requirement for regular neurological and
ophthalmic examinations and hearing test-
ing. The risks of decompression surgery
are high. Currently, calcitonin therapy or
calcitriol supplementation is used for low-

calcium diet therapy.® In case 1, a low-
calcium diet was administered and his
nasal congestion and snoring were signifi-
cantly improved; and the biochemical indi-
cators were also significantly improved, but
the hearing and appearance remained
unchanged.

In the second case, after whole-genome
exon sequencing, a c.228delA (exon2)
mutation in the AMERI gene was found
that resulted in an amino acid change.
This gene mutation can lead to OSCS
(OMIM 300373). This disease is rare and
mainly manifests with special features of
general appearance like those observed in
case 1. X-ray examinations of the long
bones and the metaphyseal area of the
pelvis were often associated with linear stri-
ated osteosclerosis, accompanied by cranio-
sclerosis (Table 2). The mode of inheritance
is X-linked dominant inheritance and the
pathogenic gene is AMERI, also known
as WTX.” The second case was diagnosed
with OSCS. The disease is an X-linked
dominant inheritance and is rare in males,
usually resulting in fetal or postnatal
death.'® Females with this condition gener-
ally manifest with characteristic facial fea-
tures. The mother of this patient was not
affected, but the mother’s sister has similar
features such as a prominent forehead, wide
eye spacing, conductive hearing loss and
slightly lower intelligence than the general
population, but she was not willing to
undergo a genetic examination. Case 2
was administered drugs to speed up ade-
noid atrophy to improve upper airway
obstruction and his snoring was clearly
under control. The hearing aid helped him
improve his quality of life.

The parathyroid hormone, 25-hydroxy-
vitamin D3, serum calcium, serum phos-
phorus and 5-nucleotidase levels were
normal in both cases (Table 1). An increase
of 25-hydroxyvitamin D3 caused by patho-
logical factors could be excluded. However,
serum osteocalcin, combined f-CrossLaps
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and serum alkaline phosphatase were signif-
icantly increased, indicating abnormal bone
metabolism. Alkaline phosphatase and
osteocalcin can be sensitive biochemical
indicators of bone growth and development
in children.'" Alkaline phosphatase is a
marker of the early differentiation of osteo-
blasts.'? Serum osteocalcin can directly
reflect the status of bone formation."
Serum osteocalcin mainly appears during
the mineralization and formation stage, so
it is a marker of osteoblast maturation.''
The expression of alkaline phosphatase
and osteocalcin during the process of new
bone formation parallels that of the devel-
opment of osteoblasts, with their levels
increasing with the differentiation of osteo-
blasts and then decreasing with the matura-
tion of osteoblasts."® The reciprocal
relationship between the expression pattern
of alkaline phosphatase and osteocalcin
and the development of osteoblasts helps
to maintain homeostasis.'* Serum com-
bined f-CrossLaps is one of the most valu-
able methods for evaluating osteoclast
activity and bone resorption.'” In the cur-
rent two cases, alkaline phosphatase,
serum osteocalcin and serum combined
p-CrossLaps levels were increased, which
was suggestive of enhanced osteogenesis
and active osteoclasts. The increased levels
of alkaline phosphatase and osteocalcin
(suggesting  osteogenesis) were more
pronounced than the increased serum com-
bined f-CrossLaps (suggesting osteogene-
sis), so both children showed significant
signs of osteosclerosis, such as increased
head circumference and skull thickness.

In addition, differential diagnosis
is required in these types of case.
Craniodiaphyseal dysplasia is a rare scleros-
ing bone dysplasia with skull and long
tubular bone dysplasia, which is character-
ized by craniofacial bone and long bone
hypertrophy.'® The main clinical manifesta-
tions are malformations that include short
stature, skull deformity, widened eye

distance, protrusion of the jaw and lateral
posterior protrusion of the spine.'® Mental
retardation is also common.'” X-ray exam-
ination shows obvious thickening of the
metaphyseal cortex, widespread osteoscle-
rosis and hyperplasia of the craniofacial
bone and the limb long bone, and frequent
involvement of the vertebrae.'® Stem epiph-
yseal end dysplasia (metaphyseal dysplasia)
is a congenital and familial bone dyspla-
sia.'” Its clinical manifestations include the
following: knock knees, mild limited elbow
extension, no tenderness of the wider meta-
physis and wider collarbone, mandibular
protrusion, dental caries and disordered
tooth arrangement.”® A small number of
children have spinal deformity and bone
fragility.!” X-ray examination shows that
the long bone end is symmetrically widened
and the metaphysis of the long diaphysis
has a flask shape with osteosclerosis, man-
ifestations that are often accompanied by
swelling of the pubic ramus.?! Stony bone
disease,?! also known as marble bone, pri-
mary brittle bone sclerosis or sclerosing
proliferative bone disease, is a rare disorder
of bone development and metabolism,
whose main characteristics are increased
whole-body bone density, brittle and hard
bone, narrow or even lost marrow cavity
and serious anaemia.*? This disease is an
autosomal dominant or autosomal recessive
genetic disorder and the vast majority of
cases have the recessive form.””> The
human skull is composed of 29 bones; 20
of which form the human facial skull,
another mandible belongs to the irregular
bones and the other eight belong to the
flat bones. There are paired parietal and
temporal bones, as well as an unpaired
frontal bone, sphenoid bone, occipital
bone and ethmoid bone. Together, these
bones form the skull to protect brain
tissue and form the facial features. The
common feature of metaphyseal dysplasia
and osteopathia striata cranial sclerosis is
that the flat bones of the skull are obviously
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involved, so the impact on the facial fea-
tures is obvious.

Children that have a stuffy nose, special
facial features, a large head and snore
should be considered to have a bone metab-
olism disease. In addition to the skull,
the long bones of children with craniodia-
physeal dysplasia are also affected, so they
will be short. The lesions of children with
metaphyseal dysplasia mainly involve the
long bones. Although the mandible will
also be affected as an irregular bone, it
has little effect on other flat bones of the
face and skull, so the abnormal face is dif-
ferent to that observed in case 1. Sclerosis
of the skull base and the reduction of nasal
sinuses are particularly significant in chil-
dren with osteopetrosis. Computed tomog-
raphy findings are very similar to those of
case 1, but the parietal, frontal and facial
bones can be unchanged or have only slight
changes, so changes to the facial features
are not as obvious as those observed in
case 1.

In conclusion, paediatric otolaryngolog-
ical physicians need to have a deeper under-
standing of congenital diseases involving
the bones. More attention should be paid
to the presence of congenital diseases
where children have symptoms of nasal
obstruction, mouth breathing, snoring, spe-
cial facial features or abnormal growth.
Only by genetic testing to determine the
pathogenesis can those children be given
the correct treatment, which is of great
importance for improving their prognosis.
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