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MICROTIA AND EXTERNAL 
EAR ABNORMALITIES 

16

Iain Bruce and Jaya Nichani 

INTRODUCTION
Abnormal development of the external ear can affect hear-
ing, communication, education, cosmesis and increase 
the risk of recurrent infections. Our understanding of 
the consequences of unilateral hearing loss (UHL) upon 
childhood development continues to expand. While many 
children with unilateral hearing loss develop normally, 
some children experience negative effects upon develop-
ment. The management of the cosmetic consequences of 
microtia should not occur in isolation, but in combina-
tion with the rehabilitation of hearing loss resulting from 
congenital canal atresia (CCA). Failure to manage cosme-
sis and hearing loss in combination can result in delayed 
intervention for hearing loss and/or the compromising of 
reconstructive options and ultimate outcome.

ANATOMY OF THE EXTERNAL EAR
The pinna, external auditory canal and outer epithelial 
layer of the tympanic membrane constitute the external ear.

Pinna
The pinnae are paired structures with a cartilaginous 
framework. The inferior part of the pinna (lobule) does not 
have a cartilaginous framework and is only supported by a 

fibrofatty matrix. The helix is the outermost  cartilaginous 
curvature of the pinna. The curve of the antihelix runs 
inside and parallel to the curve of the helix. The antihelix 
divides superiorly to forms two crura: the superior crus 
and the inferior crus. The depression between the two 
crura is called the triangular fossa. Anterior to the antihe-
lix is the concave depression called the concha. The con-
chal bowl is subdivided into the cymba concha superiorly 
and the concha cavum inferiorly. The elevation of cartilage 
anterior to the entrance of the external ear canal is called 
the tragus. The antitragus is the inferior-most prominence 
of the antihelix curvature opposite the tragus, and the gap 
between the tragus and the antitragus is called the inter-
tragal notch. The cartilage of the pinna is continuous with 
the cartilaginous ear canal, thereby fixing it to the tem-
poral bone along with muscles and ligaments (anterior, 
posterior and superior ligaments). The intrinsic muscles 
of the pinna are poorly developed; the extrinsic muscles 
(anterior, posterior and superior) may be well developed 
in some individuals.

External auditory canal
The external auditory canal (EAC) extends from the con-
cha cavum to the tympanic membrane. It comprises a car-
tilaginous framework in its outer one-third and a bony 
canal in the medial two-thirds. The skin and the subcuta-
neous tissue lining the cartilaginous ear canal contain hair 
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166 Section 1: Paediatrics

follicles and glandular structures, whereas the bony canal 
is covered by a tightly adherent layer of epidermis. The 
external ear canal is 3–4 cm in length, with the anterior 
part of the canal being longer and more curved than the 
posterior canal.

Size and position of the external ear
At birth the anatomical landmarks of the pinna are fully 
formed. Subsequently, it grows to reach adult size by 
8–10  years of age, measuring approximately 60 mm in 
length. Generally, the superior margin of the pinna lies 
in line with the eyebrow, and the lower limit of the lobule 
is in line with the base of the nasal septal columella.1 It is 
inclined approximately 15–20° posteriorly and protrudes 
15–20 mm from the scalp.

EMBRYOLOGY OF THE EAR

External ear 
At 5 weeks of gestation, five paired structures (1, 2, 3, 4 
and 6 pharyngeal arches) are visible externally, lying close 
to the developing neural crest. Each pharyngeal arch has 
an internal endodermal pouch, an external ectodermal 
cleft and a mesenchymal core which gives rise to an asso-
ciated named blood vessel, nerve, muscle and cartilage. 
The external ear develops from the first two pharyngeal 
arches.2

Six nodular swellings called hillocks of His develop 
from the first and second arches, three on either side of the 
first pharyngeal cleft. Growth, differentiation and fusion 
of these hillocks result in formation of the pinna. The tra-
gus, helix and cymba concha develop from the hillocks 
arising from the first arch, while the concha cavum, anti-
helix and antitragus arise from the hillocks of the second 
arch. The developing pinna is initially located in the neck 
and, by 20 weeks of gestation, it ascends to reach its nor-
mal location.3

The EAC develops from deepening of the first pha-
ryngeal cleft. The first pharyngeal pouch deepens to 
contact the first cleft. As the embryonic connective tis-
sue proliferates between the first pouch and the first 
cleft, the contact between the two developing structures 
is lost and the meatal plate develops. The meatal plate 
starts to canalize between 21 and 28 weeks, forming 
the inner two-thirds of the EAC. The innermost portion 
of the meatal plate contributes to the outer layer of the 
tympanic membrane.

Middle ear
The first and second pharyngeal arches and the first 
pharyngeal pouch contribute to the development of the 
middle ear. The middle ear and the inner layer of the tym-
panic membrane develop from the first pharyngeal pouch. 
The ossicles develop from the first two pharyngeal arches 
( malleus and incus from the first arch and the stapes from 
the second arch).

Inner ear
At week  4 of gestation surface ectodermal cells of the 
neural plate differentiate into sensory cells and form 
the otic placode. The developing otic placode lies close 
to the embryonic hindbrain, which contributes to the 
 development of the vestibulo-cochleo-facial ganglion 
complex. The otic placode invaginates and forms the otic 
vesicle, which gives rise to the membranous labyrinth. The 
bony labyrinth forms from the periotic mesoderm.

Facial nerve
The facial nerve originates from neural crest cells. The 
neural crest cells arising from the hindbrain are closely 
related to the developing pharyngeal arches. The neurons 
of the first three branchial arches are derived from the neu-
ral crest cells (rhombomeres) and form cranial nerves V, 
VII and IX. The development of these cranial nerve nuclei 
occurs around the fourth week of embryogenesis and is 
complete by 16 weeks. Ossification of the Fallopian canal 
continues into the late foetal period. As the development 
of the facial nerve and the second arch are closely linked, 
abnormalities of the facial nerve are often associated with 
a malformed stapes.

DEVELOPMENTAL ANOMALIES 
OF THE EXTERNAL EAR

Preauricular sinus
The opening of a preauricular sinus is found in front of 
the helix, leading into a sinus tract lined with squamous 
epithelium (Figure 16.1). The tract lies in the subcutane-
ous tissues lateral to the temporalis fascia superiorly and 
parotid fascia inferiorly, and with a tortuous and branch-
ing course. The terminal portion of the tract is adherent to 

Figure 16.1 Left preauricular sinus.
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the cartilage of the helix. Preauricular sinuses are postu-
lated to develop from defective or incomplete fusion of the 
hillocks of His during auricular embryogenesis. An alter-
native theory suggests that isolated or localized folding of 
ectoderm during auricular embryogenesis is the cause of 
preauricular sinus formation.4

Preauricular sinuses occur sporadically or may be 
inherited. Sporadic abnormalities are generally unilateral 
and bilateral preauricular sinuses are more likely inher-
ited. Preauricular sinuses may be associated with several 
syndromes, most notably branchio-oto-renal syndrome. 
It has been suggested that preauricular sinuses may be 
linked with anomalies in the region of chromosome 
8q11.1-q13.3.5 Renal anomalies are commonly associated 
with external ear anomalies, particularly preauricular 
sinuses, with these patients often investigated using renal 
ultrasound to detect concurrent renal abnormalities. To 
aid selection of patients for renal ultrasonography, the fol-
lowing criteria have been suggested:6

• maternal history of gestational diabetes 
• family history of ear anomalies or hearing loss 
• associated craniofacial abnormalities 
• associated cardiac abnormalities 
• associated gastrointestinal abnormalities 
• associated limb abnormalities. 

The authors suggest that a preauricular sinus, or any other 
external ear abnormality, associated with any of the above 
findings is an indication for a renal ultrasound.

INDICATIONS FOR SURGERY

The decision to operate is usually influenced by the fre-
quency and severity of infective episodes, chronicity of 
sinus discharge and the development of unsightly overly-
ing skin inflammation (Figure 16.2). Incision and drainage 
should be avoided in acute infections due to the risk of 
sinus disruption and seeding, and less likely facial nerve 
injury. Acute infections are best treated with intravenous 
antibiotics and in severe cases needle aspiration with 
microbiology culture of the aspirate.7

SURGICAL TECHNIQUE

Several techniques have been suggested for excising pre-
auricular sinuses including curettage, microdissection and 
wide local excision. When selecting a surgical technique, 
the fact that the sinus may branch extensively and be 
adherent to the pinna cartilage must be taken into con-
sideration. Curettage is no longer routinely performed 
due to high recurrence rates and unsightly scarring. 
Microdissection techniques rely upon identification of the 
extent of the sinus and its branches, with lacrimal probes 
and methylene blue being used to delineate the sinus. The 
‘supra-auricular’ approach involves identification of the 
plane of the temporalis fascia and dissection of the soft tis-
sue between this plane and the helix of the pinna, remain-
ing posterior to the parotid fascia, and without a formal 
attempt to identify the extent of the sinus and its branches. 

The resultant wide local excision is considered to give the 
lowest recurrence rate. Care must be taken to avoid facial 
nerve injury in revision cases and when skin and soft- 
tissue inflammation is extensive.7

Preauricular appendages
Preauricular appendages result from abnormalities of 
embryogenesis of the external ear8 and may be unilateral 
or bilateral, solitary or multiple. These appendages have a 
fibrofatty core and often contain a cartilaginous compo-
nent. They are usually found along a line drawn from the 
tragus to the angle of the mandible, reflecting origin from 
the first branchial arch. An increased risk of associated 
permanent hearing loss has been suggested in infants with 
preauricular appendages (Figure 16.3).9

INDICATIONS FOR SURGERY

Operating upon preauricular appendages is undertaken to 
improve cosmesis and facial symmetry. Surgery is usually 
undertaken after 1 year of age. Preauricular appendages 
associated with microtia may be operated upon to improve 
facial symmetry while waiting for the child to reach an age 
when ear reconstruction is considered.

SURGICAL TECHNIQUE

Appendages may contain a deeply extending cartilagi-
nous core that may be more extensive than apparent 
from examination of the external component. Care must 
therefore be taken when resecting the deep components of 

Figure 16.2 Left preauricular sinus with inflammation of the overly-
ing skin.
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the appendage, due to the potential for inadvertent facial 
nerve injury. Often complete excision of the skin and soft-
tissue components is undertaken with partial resection of 
the superficial part of the cartilaginous core.

MICROTIA
Microtia is a congenital abnormality in which the pinna 
(auricle) is malformed (see Figure 16.3b). This malforma-
tion, or underdevelopment, may be associated with con-
genital canal atresia or canal stenosis. The incidence of 
microtia has been reported to be 1 in 10 000 and envi-
ronmental and genetic factors are suggested aetiological 
factors.10 CCA often accompanies significant microtia. 
Results following surgical correction of CCA (canalo-
plasty) are often disappointing, with a significant risk 
of chronic discharge and the persisting requirement for 
amplification. Children with canal stenosis, and those 
who have undergone canaloplasty, are at risk of develop-
ing a canal cholesteatoma and require regular monitoring 
and interval radiological surveillance.

Grading of microtia and CCA
Several attempts have been made to grade microtia and 
CCA in a clinically relevant manner, based on clinical, 
surgical and radiological characteristics (Table 16.1).11–14 
High-quality digital images of the external ear and face 
often prove more useful as a record of pre-operative 
appearance and for surgical planning. The pinna malfor-
mation may range from mild dysplasia (Figure  16.4) to 
complete lack of development of the external ear (anotia).

Clinical assessment of 
children with microtia
A multidisciplinary team is best placed to assess a child 
with microtia and any associated EAC atresia or stenosis. 

Attention to the following aspects of clinical and audio-
logical assessment is required.

CLINICAL ASSESSMENT

This involves assessing the general health of the child, with 
respect to any comorbidity that may affect their manage-
ment. Some children will also benefit from a psychological 
assessment, focused on coping with any anxiety associ-
ated with their condition and its management. Key points 
to be considered during assessment are:

• unilateral or bilateral microtia
• size of the microtic ear and its location
• development of the contralateral pinna in unilateral 

microtia
• hairline
• site and size of a remnant lobule
• presence or absence of normal skin separating the rem-

nants of the microtic ear – this may suggest a superficial 
course of the facial nerve and caution is exercised dur-
ing reconstruction to avoid damage to the superficially 
placed facial nerve

• presence of a stenotic ear canal
• growth and development of the mastoid bone
• space between the temporomandibular joint (TMJ) and 

the mastoid tip
• presence or absence of facial asymmetry (e.g. hemifa-

cial microsomia in Goldenhar syndrome) (Figure 16.5)
• facial nerve function.

AUDIOLOGICAL ASSESSMENT

Children with microtia and canal stenosis/atresia will 
usually have a conductive hearing loss (CHL). A small 
proportion of these children may also have an underly-
ing sensorineural hearing loss (SNHL). It is important to 
establish ear-specific bone conduction thresholds in early 

(a) (b) (c)

Figure 16.3 Preauricular appendages. (a) Associated with a mildly dysplastic right pinna; (b) associated with microtia of the left 
pinna; (c) associated with an otherwise normally developed pinna. 
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infancy to enable appropriate management decisions. 
Management of bilateral CHL in children with bilateral 
CCA is of fundamental importance to normal speech and 
language development. In children with unilateral hearing 
loss, there is emerging evidence to support early interven-
tion, as discussed below.

Management of significant microtia
The multidisciplinary team delivering care should be 
able to offer both hearing rehabilitation and all types 
of pinna reconstruction. Most commonly, children with 
microtia have three options regarding cosmesis: no inter-
vention, autologous ear reconstruction using cartilage, 

and bone-anchored auricular prosthesis (BAAP). A pro-
portion of children and young people with significant 
dysplasia will prefer to keep their ‘special ear’ and refuse 
intervention.

AUTOLOGOUS EAR RECONSTRUCTION

This requires two to four surgical procedures dependent 
upon the technique used (see Vol 3, Chapter 96, Partial 
and total ear reconstruction). The predominant principles 
of this procedure include construction of a cartilaginous 
framework, soft-tissue cover and projection of the recon-
structed pinna. Autologous rib cartilage is harvested and 
used to carve the new cartilage framework. Timing of 

TABLE 16.1 Examples of grading systems for microtia and congenital canal atresia

Grading system Description 

Microtia Marx11 
Based on clinical 
appearance

Grade 1
Smaller pinna, but all 
features of a normal 
pinna are recognizable

Grade 2
Some features 
of a normal 
pinna are 
recognizable

Grade 3
Rudiment of 
soft tissue and 
cartilage 
(‘peanut’)

Grade 4
Absent pinna 
and ear canal

Weerda12 
Based on surgical 
management

1st degree dysplasia
Most structures of a 
normal pinna are 
recognizable (minor 
deformities)

2nd degree 
dysplasia
Some structures 
of a normal 
auricle are 
recognizable

3rd degree 
dysplasia
None of the 
structures of a 
normal pinna 
are 
recognizable

Anotia
Absence of 
external ear

Surgical definition: 
Reconstruction does 
not require the use of 
additional skin or 
cartilage

Surgical 
definition: Partial 
reconstruction 
requires the use 
of some 
additional skin 
and cartilage

Surgical 
definition: 
Total 
reconstruction 
requires the 
use of skin 
and large 
amounts of 
cartilage

CCA Weerda13 
Based on clinical 
appearance

Type A
Marked narrowing of EAC with 
an intact skin layer

Type B 
Partial patency of the 
lateral EAC with an 
atretic medial meatal 
plate

Type C 
Complete 
atresia of the 
EAC

Jahrsdoerfer14 
Based on radiological 
appearance

Parameter
Stapes present
Oval window open
Middle ear space
Facial nerve normal
Malleus/incus complex present
Mastoid well-pneumatized
Incus/stapes connection
Round window normal
Appearance of external ear

Rating
10
9
8
7
6
≤5

Points allocated 
2
1
1
1
1
1
1
1
1

Surgical candidate
Excellent
Very good
Good
Fair
Marginal
Poor
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surgery will depend on  availability of requisite amount of 
cartilage (8–10 years), and the child’s ability to cooperate 
with the demands of surgery. 

The risk of resorption and extrusion of the framework 
is lower in autologous cartilaginous frameworks as com-
pared to frameworks made from artificial materials.

BONE-ANCHORED AURICULAR PROSTHESIS

A specialist prosthetist is critical in the surgical plan-
ning, production of an appropriate prosthesis, and 
aftercare of older children and young people fitted with 
bone-anchored auricular prostheses (BAAPs). A BAAP 
necessitates removal of the vestigial ear (including the 
lobule), therefore precluding subsequent autologous ear 
 reconstruction if the recipient was dissatisfied with the 
BAAP. The surgeon and prosthetist must agree the posi-
tion of the two osseointegrating fixtures. The choice of 
single- or two-stage surgery is made in the same way as 
for BAHA insertion. Following osseointegration, a gold 
retention bar is attached to the abutments, with the pros-
thetic ear clipping onto this bar. Reasons for opting for 
a BAAP include patient preference, failed autologous ear 
reconstruction and significant comorbidities precluding 
autologous ear reconstruction. The cosmetic outcome 
of an auricular prosthesis is closely linked to the expe-
rience of the prosthetist, with an experienced prosthe-
tist able to add fine contouring and closely match skin 
colour. However, despite this, some patients prefer a 
reconstructed pinna that is made from their own tissues. 
Recurrent soft-tissue inflammation and traumatic fixture 
loss may complicate the use of percutaneous abutments, 
as encountered in percutaneous BAHA.

UNILATERAL HEARING LOSS IN 
CONGENITAL CANAL ATRESIA

Consequences of unilateral 
hearing loss in children
Traditionally, the presumption has been that UHL would 
not adversely affect speech and language and academic 
attainment, if the hearing thresholds in the contralateral 
ear were within the normal range. However, this assump-
tion is now being challenged, with increasing evidence 
suggesting that significant numbers of these children 
could perform better with appropriate management and 
support.

The work of Lieu and colleagues has described and 
demonstrated the impact of UHL during childhood, with 
resultant underperformance in speech, language and cog-
nition in children and young people. Regarding educa-
tional performance, a review of UHL (mild to profound 
severity) in children found a rate of 22–35% for repeating 
at least one grade and a rate of 12–41% for receiving edu-
cational assistance.15 Lieu also demonstrated in a prospec-
tive 3-year longitudinal cohort study of 46 children aged 

Figure 16.4 Dysplastic left pinna in a girl with CHARGE syndrome.

Figure 16.5 Unilateral right microtia in a boy with Goldenhar syn-
drome. He has right hemifacial microsomia and a left epibulbar 
dermoid.
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6–12 years with permanent UHL that parents and teachers 
reported persistent behavioural problems and academic 
weaknesses or areas of concern in approximately 25% of 
the cohort.16 A further case control study of 20 young peo-
ple (12–17 years) with UHL demonstrated that UHL was 
associated with a negative effect on standardized language 
scores and IQ persisting into adolescence. Sibling controls 
helped to ameliorate any bias resulting from socioeco-
nomic, environmental and genetic factors. The authors 
also describe children with UHL having difficulty with 
listening in background noise and sound localization.17

Accepting the evidence for the potential negative impact 
of UHL upon development, the question remains as to the 
timing of the intervention: before or after the onset of 
clinically apparent underperformance. Gordon et al. have 

postulated the existence of aural preference syndrome, 
in which single-sided deafness in early childhood reorga-
nizes the developing auditory pathways in favour of the 
hearing ear, and to the detriment of the cortical represen-
tation of the deaf ear. They recommend early intervention 
to secure functioning in the impaired auditory pathway 
and for restoring (or enabling) binaural hearing.18 Early 
intervention would also be supported by the Fischer and 
Lieu study in which the cohort of young people had not 
closed the developmental gap with their siblings by ado-
lescence.17 In broad agreement with the concept of early 
intervention, the recently developed UK Care Standards 
for the Management of Patients with Microtia and 
Atresia19 advocate the fitting of a bone conduction hear-
ing device (BCHD, e.g. BAHA softband) in infants with 
microtia and CCA (Figure 16.6).

Managing hearing loss in 
congenital canal atresia
Central to the management of UHL in microtia with CCA 
is the expectation that in approximately 90% of cases the 
underlying cochlea function is maintained.20 Secondly, 
transcranial attenuation is greater in early infancy, due 
to the stepwise fusion of the cranial bones during child-
hood. Therefore, infants and young children will have less 
trans cranial transmission of signal from a BCHD than 
older children and adults. Also, it is possible to obtain 
accurate ear-specific bone conduction thresholds in early 
infancy, despite an inability to mask in a conventional 
manner in the absence of an external auditory canal.

SYNDROMES ASSOCIATED WITH 
EXTERNAL EAR ABNORMALITIES
Certain syndromes can be associated with abnormalities 
of the external ear (Table  16.2).7 Understanding of the 
manifestations of these conditions is necessary as some 
may also be associated with other head and neck abnor-
malities, including abnormalities of the middle and inner 
ears, and craniofacial abnormalities. Involvement of other 
body systems (e.g.  congenital heart disease (CHD) in a 
child with Down syndrome) may also be important when 
planning any surgical intervention under general anaes-
thesia. Knowledge of cognitive impairment is of critical 
importance when assessing the likely impact of hearing 
loss upon development and educational performance.

Figure 16.6 Child with Treacher Collins syndrome and microtia with 
CCA. The child is wearing a BAHA on a softband and has a tra-
cheostomy in situ.
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Treacher Collins
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CCA, congenital canal atresia; CHD, congenital heart disease; WVA, wide vestibular aqueduct; EAC, external auditory canal.

• When managing a child with microtia and congenital canal 
atresia (CCA), consideration should be given to both cosme-
sis and hearing rehabilitation.

• Cosmesis and hearing should be managed together by a 
multidisciplinary team. 

• In CCA cochlear function is usually normal.
• All children with CCA should undergo regular assess-

ment of hearing, speech and language and educational 
performance.

• Some children with CAA benefit from a bone conduction 
hearing device (BCHD). 

• Early fitting of BCHD in infants and young children with CCA 
may be advantageous.

• Bone conduction implants (BCI) should only be inserted 
in close cooperation with an ear reconstruction service, to 
prevent inadvertent negative impact upon reconstructive 
options.
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