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Summary Seven patients with Treacher—Collins syndrome were studied. All of pa-
tients were children or teenagers. Helical CT scanner (Toshiba) was used to recon-
struct zygomatic arch and temporomandibular joint capsute on lateral aspect of tem-
poral bone in five patients of microtia and atresia of both ears and two patients of
narrow ear canals of both ears without microtia,

Three-dimensional reconstructions of computed tomography on lateral aspect of
temporal bone demonstrated various congenital abnormality including aplasia of zy-
gomatic arch in seven patients and dislocation of temporomandibular joint capsule

.' "Jomt L '_ © 2003 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Treacher—Collins syndrome (mandibulofacial dysto-
sis) consists of certain associated congenital and
famitial deformities of the ears, malar bones, lips,
chin and lower eyelids. The similarity between the
patients is very striking [1,2].

*Corresponding author. Present address: Department of Qto-
laryngology, Faculty of Medicine, University of Tokyo, 7-3-1
Hongo, Bunyo-ku, Tokyo, Japan. Tel.: +81-3-5800-8924;
fax; +81-3-3814-9486.

E-mail address: kimikaga-tky@umin.ac.jp (K. Kaga).

There are various otological and maxilofacial
problems such as bilateral microtia, atresia of the
ear canal, middle ear anomaly and mandibular
hypoplasia [3,6]. Patients affected by Treacher—
Collins syndrome can show aplasia or hypoplasia
of the zygomatic arch and dislocation of the tem-
poromandibular joint capsule. These anomalies
can be studied using conventional radiological
procedures such as computed tomography (CT).
However, CT provides only limited spatial rela-
tionships between the most important structures.
In contrast, three-dimensional reconstruction of
CT scans can provide more complete data of this
region.

0165-5876/5 — see front matter © 2003 Elsevier Ireland Ltd. All nghts reserved.

doi: 10.1016/].ijporl. 2003.67.001
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The purpose of this study is to describe the use of  structures of zygomatic arch and temporomandibu-
three-dimensional reconstructions of microtia and  lar joint capsule in Treacher—Collins syndrome with
atresia or bilateral narrow ear canal. This study  microtia and atresia or narrow ear canal of both
was designed to reveal three-dimensional abnormal  ears.

1. Fetus 2. Fetus
4Mos.( F} 6Mos.{ F}

7. 3Mos.( M) 8. 8Mos.(F)

11, dyrs.( M)

12. 6yrs.( F)

Fig. 1 The lateral view of 14 normal skulls: {1) five fetuses of different ages; (2) a necnate; (3) six infants and
children of different ages; (4) an adult. Zygomatic arch and temporomandibular joint capsule can develop with age.
After 1 year of age, the structures of zygomatic arch and temporomandibular joint capsule appear to be almost
similar to that of adult in morphology. In the younger ages and fetuses, those of both structures can poorly develop.
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2. Subjects and methods

Photographs of the lateral views of normal skulls
of the following subjects were studied: five fe-
tuses of different ages, a neonate, six children
(3 and 8 months; 1, 3, 4 and 6 years of age, re-
spectively), and an adult. The photographs were
taken at the medical museum of the University of

1. 2yrs.(M)

Tokyo. Also seven patients with Treacher—Collins
syndrome were studied. The profiles of patients
are listed in Table 1. All of these patients were
children or teenagers. Helical CT scanner {Toshiba
Co. Ltd.) was used for reconstructing the zygo-
matic arch and temporomandibular joint cap-
sule on the lateral aspect of temporal bone. Five
patients showed bilateral microtia and atresia.

Fig. 2 Three-dimensional reconstruction on lateral aspect of temporal bone of five cases with Treacher—Collins
syndrome. They showed bilateral microtia and atresia. Temporomandibular joints of Cases 1-5 with atresia of the
ear canal of both ears are dislocated to the skull base and absence of bony external auditory canal are clearly
demonstrated.
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 Table 1'. The profile of seven patients with Treacher—Collins syndrome.

- Absent . - MNarrow - - . Canal type-

-Patient - ..l .Sex. .. Age..... ... Bilateral .._ .= . Bilateral . _. ... - Hearing aid_.: .5

ynumber . . T L Tt (yeary . microtia . ear canal S I

| M 2 .. 'Present - “Atresia- -+ Bone conduction type

P S T S JUa 7 ‘.. Present . oAtresfan ' - Bone conduction type |

By s M T " “Present | i “Atresia - . .. Bone conduction type

o4 CF 8. . Present.. . iiiUAtresia ot - Bone conduction type:
F T -8 . Présent. .7 TAtresia:.” -~ 7 Bone conduction type
CF 13 - Absent T oNarrow -0 - - Canal type - -
- -F. <18

Two patients showed a narrow ear canal without
microtia.

In addition, a normal child, a patient with
isolated non syndromic microtia and aural atre-
sia, and a patient with Treacher—Collins syn-
drome were compared to superimpose the lateral
face and the lateral aspect of temporal bone by
three-dimensional reconstructions of CT.

3. Resulits

Three-dimensional reconstructions of computed
tomography on lateral aspect of temporal bone
demonstrated various congenital abnormality
in" all patients including aplasia of zygomatic
arch and dislocation of temporomandibular jeint
capsule.

4.

. Photographs of lateral view of normal skulls

are shown in Fig. 1. In this picture, it is
shown that even after birth zygomatic arch
and ternporomandibular joint capsule could de-
velop. However, before birth development of
both structures could be very poor.

. Cases 1-5 with bilateral microtia and atresia

of both ears were demonstrated to have agen-
esis of zygomatic arch and dislocation of tem-
poromandibular joint capsule to the skull base
(Fig. 2).

. Cases 6 and 7 with bilateral narrow ear canal

without microtia showed aplasia of zygomatic
arch and also dislocation of temporomandibular
joint capsule from the skull base showing bone
clefts (Fig. 3).

Fig. 4 demonstrates a comparison of the re-
construction of the lateral view of skull,

Fig. 3 Temporomandibular joints of Cases 6 and 7 with narrow ear canal without microtia are dislocated to the skull

base because of aplasia of zygomatic arch,
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Fig. 4 A comparison of reconstruction of lateral face. Typical zygomatic arch and temporomandibular joint: {1} a
and b is a 4 years old child; {2) a and b is a 7 years old child with isolated no syndromic microtia and atresia; (3) a
and b is a 7 years old child (Case 2) of Treacher—Collins syndrome with microtia and atresia of both ears.

zygomatic arch and temporomandibular joint
in: {1} a normal child; (2) a typical patient with
isolated non-syndromic bilateral microtia and
atresia; and (3) a 7 years old child {Case 2)
with Treacher—Collins syndrome with bilateral
microtia and atresia. This comparison revealed
that only the patient with Treacher—Collins syn-
drome showed aplasia of zygomatic arch and
dislocation of temporomandibular joint capsule.

4. Discussion

Our study using the Helical CT scanner to recon-
struct lateral aspect of temporal bone in patients
with Treacher—Collins syndrome demonstrated age-
nesis or aplasia of the zygomatic arch and that the
temporomandibular joint capsule is dislocated to-
ward the skull base according to absence of bony ex-
ternal auditory canal [1,3]. However, patients with
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isolated non-syndromic bilateral microtia and atre-
sia of the ear canal demonstrated normal structure
at the zygomatic arch and the temporomandibular
joint capsule which was located anteriorly to the
mastoid [3-5,7].

In real skulls of normal young infants, the zygo-
matic arch and the temporomandibular joint cap-
sule do not develop well. Moreover, in real skulls
of normal fetuses, both structures’ development
is very poor. In normal development, around the
first year of life, temporomandibular joints develop
well, deciduous teeth appear and chewing abilities
begin,

Embryologically, the external auditory canals
starts to recanalize during the sixth intrauter-
ine month [8]. In Treacher—Collins syndrome, this
canalization and the formation of zygomatic arch
are arrested prematurely. The recanalization of the
external ear canal does not take place and also the
underdevelopping zygomatic arch, mastoid process
and mandible can cause poor temporomandibular
joint and its dislocation in an abnormal direction.
This is very similar to temporomandibular joints in
those of normal fetuses.

In conclusion, from the results of this study, it
is evident that three-dimensional reconstruction
of CT scans is a safe and reliable procedure for
studying patients with Treacher—Collins syndrome.
Three-dimensional reconstruction of CT scans pro-
vide reliable spatial analysis of the zygomatic arch
and the temporomandiabular joint capsule. The
images obtained with these procedures are useful
for revealing anatomical abnormalities. They are

also usefut for recognizing surgical landmarks and
for evaluating chewing abilities.
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232235,

Four pediatric patients whose biluteral auditory cortices were dumaged by herpes encephalitis at an early age were studied.
Their brain CT and MRI scans demonstrated common bilateral lesions of the auditory cortices. Their auditory perception
was investigated by meuns of behavioral and objective hearing tests and auditory perception tests. All four patients
showed mild or moderate hearing loss in the behavioral hearing test and normal auditory brainstem responses but did not
manifest total deafness. Moreover, perception tests involving speech. environmental sounds and music demonstrated that
most auditory perception ability had been lost in all patients. On reaching school age. the patients were enrolled in schools
for the deaf or special schools for handicapped children. Key weords: auditory agnosia. auditory cortex, herpes encephalitis,

sehoo! education.

INTRODUCTION

The mechanism of hearing loss in patients with bilat-
eral auditory cortex lesions remains controversial (1,
2). This manifestation is known as auditory agnosia
or cortical deafness {3-10) and in adult patients i3
usualiy caused by two episodes of cerebral infarction.
However, in pediatric cases, it is frequently caused by
herpes encephalitis (11-14} and not by cerebrovascu-
lar accident. Adult cases have been extensively stud-
ied but pediatric cases have rarely been reported
because the residual hearing of these patients is not
well documented from the developmental and educa-
tional standpoints (14). Herein, we report four cases
of children with auditory agnosia after herpes en-
cephalitis which were studied from the neurotologic.
neuropsychologic and educational standpoints, in or-
der to determine differences from adult cases.

CASE REPORTS

Cuse |

This patient was a right-handed girl whose delivery
was uneventful. Her early development was normal
and she responded well to auditory stimuli. When she
was 6 months old she suffered from herpes encephali-
tis. A brain CT scan revealed bilateral lesions of the
auditory cortices and a left frontal lesion (Fig. 1).
Subsequently, she became indifferent to sounds and
could not distinguish any sound. Conditioned orien-
tation reflex audiometry showed threshold elevation
of 60 dB HL (Fiz. 2} but the auditory brainstem
response (ABR) threshold was 20 dB (Fig. 3). She
was diagnosed as having auditory agnosia as a se-
quela of herpes encephalitis. As she could still not
speak at the age of 6 years, she was enrolled in a
school for handicapped children during her elemen-

€ 2003 Taylor & Francis. ISSN 0001-6489

lary, junior high and senior high school years, She is
now 19 years old.

Case 2

This patient was a right-handed boy whose delivery
was uneventful. His early development was com-
pletely normal. He began to speak several words
using mimicry when he was 12 months old. When he
was 14 months old he suffered from herpes encephali-
tis, which was diagnosed based on increased serum
levels of herpes simplex virus antibody. At the age of
2 years, he had spoken no intelligible words. Al-
though he responded well to visual stimuli, he had no
interest in auditory stimuli and only rarely responded
to environmental sounds. Conditioned orientation
reflex andiometry revealed an increased threshold to
60 dB hearing level (HL) (Fig. 2). However, ABR
showed a normal threshold of 15 dB HL (Fig. 3). A
brain CT scan revealed a low-density area in the
bitemporal auditery cortex that was more prominent
in the right as opposed to the left hemisphere. The
patient was diagnosed with auditory agnosia, as man-
ifested by destruction of the bilateral auditory cortex
caused by herpes encephalitis,. He was enrolled in a
schoo] for the deaf until graduation from high school.
In his daily life he can hear but cannot distinguish
speech, environmental sounds and music. However,
he can write and can communicate using sign lan-
guage. His brain MR scan at the age of 10 years is
shown in Fig. ]. He is now 28 years old.

Case 3

This patient was a right-handed boy. His develop-
ment was normal until the age of I year and 3
months when he suffered from herpes encephalitis.
Upon examination, it was found that he did not

DOI 10.1080/0001648031 0001060
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Fig. 1. Brain MRI! scans of the four cases after herpes
encephalitis. Note the bilateral lesions in the superior tem-
poral gyrus. including the auditory cortex.

respond 1o sound and could not speak any words.
His brain CT and MRI scans demonstrated bilateral
lesions of the superior temporal gyrus, including the
auditory cortex (Fig. 1). Conditioned orientation
reflex audiometry showed threshold elevation of 50
dB HL but ABR showed a normal threshold of 20 dB
HL. Speech discrimination, perception of environ-
mental sounds and music and auditory comprehen-
sion were all totally impaired. Speech therapy was
started when he was 1 year and 7 months old. When
he was 3 years and 6 months old, sign language {cued
speech) was introduced at a school for the deaf. At
the age of 6 years. he could use > 220 words. and
2-word sentences for communication. He is now 17
years cld and a student at a high school for the deaf:
he uses sign language to communicate.

Cuse 4

This patient was a right-handed boy whose delivery
was uneventful. His development was normal. He
could hear and talk with friends of the same age until
the age of 2 years and 7 months. when he suffered
from herpes encephalitis. Thereafter he did not re-
spond Lo any sound stimuli or speak any words. His
brain CT and MRI scans demonstrated bilateral le-
sions of the superior temporal gyrus, including the
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Fig. 3. ABRs of the four cases after herpes encephalitis showing normal configurations and thresholds.

auditory cortex (Fig. 1). Conditioned orientation
reflex audiometry showed a threshold elevation of 50
dB HL but ABRs demonstrated a normal threshold
of 20 dB HL. Subsequently, the patient responded to
several environmental sounds and voices, but could
not distinguish any speech or music. He was enrolled
in a school for the deaf. Initially, he communicated
using gestures. At the age of 5 years, sign language
was introduced and he could use two- and three-word
sentences for communication. However, finger
spelling, letters and lip-reading remained difficult 1o
learn. He is now 18 years old.

DISCUSSION

Severe auditory deficit due 1o bilateral lesions of the
primary auditory cortex is very rare. The resulting
hearing problem is referred to as auditory agnosia or
cortical deafness. The first case of auditory agnosia
due to bilateral auditory cortex lesions was reported
by Wernicke and Friedlander in 1883 (3), and led to
investigations of the auditory cortex in the brain.
However, few histological studies have subsequently
been reported in the literature concerning bilateral

auditory cortex lesions in the autopsied brain (2. 4, 5,
8).

Well-known underlying diseases of auditory ag-
nosia in children include Landau-Kleffner syndrome
and cerebrovascular accidents such as moyamoya
disease. However, because of the extremely low inci-
dence of auditory agnosia in children, little interest
has been paid to it and its manifestation may often be
undiagnosed. Auditory agnosia as a sequela of herpes
simplex encephalitis has only recently been discussed
(11-14). Herpes simplex encephalitis is known to lead
to focal brain necrosis, particularly in the temporal
orbitofrontal regions of the brain. However. lan-
guage-related sequelae in children caused by focal
brain lesions are very limited. Our four patients,
having being diagnosed with herpes encephalitis,
showed common bilateral temporal lesions of the
auditory cortices, which indicated typical auditory
agnosia. The early onset of auditory agnosia made
their education very difficult, Three of the patients
went to schools for the deaf and one was educated at
a school for handicapped children. Their audiograms
showed residual hearing but they could not hear in
practice. However, all of the patients can now read

A
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and write Japanese characters. although not perfectly.
Because of very slow development of the concept of
grammar, they experienced difficulty in communicat-
ing effectively with others. Written communication is
almost impossible, despite some writing ability. How-
ever, stgn language is very useful as a communication
tool.

In adult patients with auditory agnosia, the bilat-
eral auditory cortices usually exhibit localized lesions
as a result of two different episcdes of cerebral
infarction. Usually. adult patients with auditory ag-
nosia have impaired central hearing but their ability
to use language is not totally impaired if the language
center is not involved. Thus, they can read and
communicate by writing.

In the previous literature concerning autopsied
cases with bilateral auditory cortex lesions, pure-tone
thresholds were categorized as either mild or severe
threshold elevation (I. 2. 5). However, thresholds
varied across studies. For example, some cases
demonstrated mild threshold elevation, while others
showed thresholds that were markedly elevated. Not
all audiograms were completely analyzed during the
clinical course for the reported patients across cases’
studies. Another problem with previous studies is
that only one audiogram was analyzed for each pa-
tient. However, in our previously reported adult au-
topsy case (2), the pure-tone audiogram was analyzed
throughout the clinical course, and progressive
threshold elevation was observed. At an early stage
after the onset of disease, the patient showed mild
threshold elevation. Later examinations revealed that
the thresholds became progressively worse and finally
reached severe to profound levels 1 year before his
death (2). It is very important to note that the four
cases of children with auditory agnosia presented
herein showed only mild or moderate threshold eleva-
tion during the developmental period, which may
suggest partial damage of the auditory cortices or the
auditory function of the extrageniculate pathway in
each case.

Finally, we emphasize that, due to auditory ag-
nosia, our pediatric patients showed profound com-
munication disorder. Their present handicaps. despite
early, intensive and continuous training, suggest that
a more fundamental language deficit is likely 1o occur
in the developing than the mature brain. The commu-
nication training and education of these patients can
lead to some, but not complete. improvement in their
communication ability. In the present educational
setring, schools for the deaf are better than other
schools because they cater for such very rare cases as
these who require special education.
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A special lecture: Universal Newborn Hearing Screening:
—Development in Japan and Auditory Neuropathy—
Kimitaka Kags, MD
Department of Otolaryngology, Graduate School of Medicine University of Tokyo

In Japan, last 30 years, hearing screening of infants has been conducted regularly in the health centers at age of
3-4 months, 6 months, 9 months, 1 year and 3 years. However, last 3 years, universal newborn has been in-
troduced to several prefectures. Thereafter, we have encountered a new problem which is absence of auditory
brainstem responses but normal DPOAE. This problem is regarded as auditory nerve disease or auditory neu-
ropathy. Auditory nerve disease was reported by us in 1996 and auditory neuropathy was reported by Starr et al in
1996. In addition, there are other new problems in universal newborn hearing screening. At present, otology and
neurotology of newborns is expected to establish newly.
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