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PARTIAL AND TOTAL EAR RECONSTRUCTION

CHAPTER

Cher Bing Chuo

INTRODUCTION
The external ear is a convoluted 3D structure with a ves-
tigial function to gather sound waves towards the exter-
nal auditory meatus (EAM). This delicate structure with 
a complex contour has become a subject of beauty over 
the ages. There has been increasing awareness that indi-
viduals desire the appearance of a pair of symmetric, aes-
thetically pleasing ears. In a representative proportion of 
the UK general population, the awareness of perceived 
differences in the appearance of their ears has led to 
self-consciousness or increased sensitivity to these differ-
ences.1 Reconstructive surgeons should have comprehen-
sive knowledge of normal ear anatomy in order to perform 
accurate and aesthetic auricular reconstruction.

ANATOMY

Surface anatomy 
Auricular surface anatomy is characterized by a series 
of ridges and depressions (Figure 96.1).2 The outer bor-
der of the upper two-thirds of the ear is framed by the 
elevated helix. Darwin’s tubercle is a prominence that 

sits on the posterior upper helix. The crus or root of the 
helix slopes downwards and curves posteriorly from the 
anterior upper third of the ear, over the superior aspect 
of the EAM. This ridge separates the conchal depres-
sion into the upper cymba concha and lower cavum 
concha. A complex elevation – the antihelix, separates 
the wide and deep concha from the narrow and shal-
low scaphal depression. The upper part of the antihelix 
follows the curve of the outer helix before dividing to 
form ‘V-shaped’ delicate ridges called the superior and 
inferior crura. These crura border a depression called 
the triangular fossa. The antihelical elevation extends 
towards the ear lobule to meet a short semicircular 
ridge – the antitragus – which is separated from the tra-
gus by the more inferiorly placed intertragic notch or 
incisura. The tragus is a prominent quadrangular ridge 
which points posteriorly and lies over the anterior aspect 
of the EAM. The flat ear lobule sits inferior to the tail of 
the helix at the lower quarter of the ear, below the anti-
tragus and the incisura. On the medial (cranial) surface 
of the auricle, the scaphal and conchal eminences are 
convexities that correspond to the scaphal and conchal 
depressions on the lateral surface described previously. 
The conchal eminence meets with the mastoid process to 
form the postauricular sulcus.

Data in this chapter may be updated by a Medline search using the keywords: partial and total ear reconstruction, and total and partial 
auricular reconstruction. It is focused on a narrow range of common partial ear reconstruction techniques and the basic principles guiding 
total ear reconstruction.
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1346 Section 2: Plastic Surgery

Posture and position
The posture and position of the ear are shown in 
Figure 96.2. 3–7 The longitudinal axis of the ear is consid-
ered by Tolleth as the ‘line of balance’ that extends from 
the fullest point on the upper helical border to the most 
dependent point on the lower border of the ear lobule. It 
lies posteriorly rotated from the vertical axis of the head 
by 15–30 degrees. The axis of the ear may sometimes lie 
parallel to the dorsum of the nose, but more frequently lies 
12–15 degrees more vertical than the nasal dorsum. 

The ear is sited approximately the length of an ear, mea-
sured along its longitudinal axis, posterior to the lateral 
orbital margin. In 85% of individuals, the upper border of 
the ear is level with the most lateral point of the eyebrow. 

The lateral surface of the ear is turned anteriorly with a 
conchomastoid angle of 30 degrees and a concho scaphoid 
angle of 90 ± 15 degrees. The most prominent point of the 
ear sits 17–20 mm lateral to the side of the head in the 
horizontal plane.

Three key measurements are required in order to site 
the reconstructed ear in an aesthetic and symmetric posi-
tion: an appropriate angle of rotation for the longitudinal 
axis, the vertical level for the upper border of the ear and 
the horizontal distance of the ear from the lateral orbital 
margin.

Proportions 
The normal adult ear measured along its longitudinal 
axis is 63–65mm and the width of the ear is 50–65% 
(mean 55%) of its length (Figure 96.3).3, 5, 8

The triangular conchal depression has a width two-
thirds of its length. The average length of the ear lobule 
as measured from the lowermost incisura to the most 
dependent point on the lower border of the ear lobule is 
18 mm, and the ratio of lobule length to full ear length is 
0.28–0.30. 

Structure
Mechanical strength to maintain the structure of the 
external ear is provided by fibrocartilage which extends 
from the helix to the incisura.2, 9–11 At the anterior aspect 
of the concha, a cartilaginous cylinder continues from 
the EAM medially to form the outer third of the external 
auditory canal. The auricular cartilage is attached to the 
temporal bone by two ligaments. The anterior ligament 
holds the tragus and anterior helical crus to the root of 
the zygomatic arch. A posterior ligament holds the medial 
conchal eminence to the lateral mastoid process.

Six vestigial intrinsic and three extrinsic muscles attach 
to the perichondrium of the ear. The extrinsic muscles 
auricularis anterior and superior attach to the galeal apo-
neurosis, and the auricularis posterior attaches to the peri-
osteum at the base of the mastoid. 

The skin on the lateral surface of the ear is thin and 
binds tightly to the underlying perichondrium encasing 
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Figure 96.1 Lateral surface of the external ear. The locations and 
proportions of the key structures including the ear lobule are 
shown. Important ridges are the helix, antihelix, tragus and 
antitragal complex. Important depressions are the scapha, 
concha and triangular fossa.
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Figure 96.2 Lateral aspect of the head. This illustrates the ideal 
position of the upper external auditory meatus in line with 
the Frankfurt horizontal and the anterior border of the helix 
positioned one ear length posterior to the lateral orbital margin. 
The longitudinal axis of the ear is posteriorly rotated relative to 
the vertical axis of the head.
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the fibrocartilage. This allows the details of the complex 
convolutions of the cartilage to be easily seen. 

Skin on the medial surface of the ear is mobile, with 
a thickness of 0.4–0.8 mm. There is minimal subcutane-
ous adipose tissue and extensive fatty infiltration of the 

dermis, beginning at the level of the sebaceous glands, and 
increasing in density with depth. A loose areolar fascial 
plane lies between the perichondrium and subcutaneous 
fat. This well-vascularized layer is a continuation of the 
intrinsic muscles of the ear, and contributes to the mobil-
ity of the postauricular skin. 

The ear lobule is a soft fibro-fatty cutaneous flap that is 
suspended from the lower border of the auricular cartilage.

Blood supply 
The ear is supplied by the superficial temporal artery 
(STA) and the posterior auricular artery (PAA).2, 9, 11–15 
The STA ascends in the preauricular area through the 
parotid gland and gives rise to one to three branches to 
the ear. The lower branch supplies the lower margin of the 
ear lobule, the middle branch the tragus, and the upper 
branch the ascending helix and the triangular fossa– 
scapha arterial network. After supplying the ear, the STA 
ascends to form two terminal branches about 3 cm above 
the zygomatic arch – the anterior (frontal) and posterior 
(parietal) branch. These branches supply a fascial layer – 
the temporoparietal fascia (also called the superficial 
temporal  fascia). This lies superficial to the deep tempo-
ral fascia layer, which is supplied by the middle temporal 
artery – a branch of the STA that arises 1–3 cm below the 
upper border of the zygomatic arch. See Figure 96.4.

The PAA travels towards the scalp in the groove 
between the mastoid and the cartilage of the posterior 
EAM, and then continues onto the conchal eminence. 
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Figure 96.3 Lateral surface of the external ear in its natural 
orientation. Note the width-to-length ratio of the ear and the 
height of the ear lobule relative to total ear length.
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Figure 96.4 The pattern of distribution of the two key arterial networks that supply the skin of the external ear. The superficial 
temporal artery (STA) provides input to limited areas of the anterior and inferior aspect of the lateral surface, and the remaining 
ear is supplied by the posterior auricular artery (PAA). Vessels from the PAA perforating the ear cartilage provide a means of 
communication between the two arterial networks on the lateral and medial surfaces of the ear.
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The  lower division supplies the posterior surface of the 
ear lobule, minor posterior branches supply the mastoid 
fascia and the middle and upper divisions supply the 
middle and upper thirds of the medial surface of the ear. 
Perforating branches of the PAA form during its course 
over the medial surface of the concha. These traverse the 
cartilage and supply the lateral surface of the ear at key 
areas: the outer border of the antitragus, cavum concha, 
helical crus, cymba concha and triangular fossa. 

Two main arterial networks formed by communicating 
branches from the STA and PAA are present on the lateral 
surface of the ear. The triangular fossa–scapha network is 
primarily formed from the STA and the conchal network is 
dominated by perforating branches of the PAA. The upper 
branch of the STA also communicates with the upper divi-
sion of the PAA on the superior medial surface of the ear. 
These networks supply the skin via well-developed sub-
papillary (intradermal) and the subdermal plexus. 

The venous drainage of the ear via the superficial tem-
poral system is variable, whereas the drainage to the 
posterior auricular system is predictable via the venae 
comitantes accompanying the PAA.

EAR RECONSTRUCTION
A number of factors need to be considered to determine 
the most appropriate technique of reconstruction in 
patients who have congenital and acquired ear deformities 
and defects. The reconstructive surgeon needs to under-
stand the aetiology of the defects and whether cartilage 
and/or skin are involved in partial ear defects. Account 
needs to be taken of whether ear deformities are unilateral 
or bilateral, the condition of the soft tissues local to the 
site of the intended reconstruction, the degree of function 
of the middle and inner ear, the age of the patient, the 
availability of costal cartilage for framework construction 
and the patient’s preferences for reconstruction.

Indications for ear reconstruction 
Patients with complex congenital ear deformities, includ-
ing those with microtia and anotia, are candidates for 
total ear reconstruction. Partial ear reconstruction may 
be indicated in congenital (e.g.  lop ear deformity) and 
acquired deformities involving up to two-thirds of the ear. 
Trauma (e.g. bite injuries, avulsions and burns) and cancer 
are common causes of acquired partial or total ear loss 
requiring ear reconstruction. 

Multidisciplinary care 
Ear reconstruction is best managed within the setting of a 
multidisciplinary team comprising plastic surgeons, maxil-
lofacial prosthetists, otolaryngologists, audiologists, radi-
ologists, clinical psychologists and speech and language 
therapists. This allows the patient and their family to 
be provided with all possible avenues for reconstruction 
including prosthetic and autologous ear reconstruction. 
Imaging of the ear and options for optimizing hearing 

in patients with hearing loss can also be offered. Clinical 
psychologists are able to counsel patients with pre- existing 
psychiatric conditions and assist with the management of 
patient expectations for future reconstruction.

Surgical goals of ear reconstruction
The aim of total ear reconstruction is to create a con-
toured replacement structure, with natural proportions, 
located and orientated in an ideal position on the side of 
the head. This should appear symmetrical in appearance 
and location to the opposite normal ear if the reconstruc-
tion is unilateral. It is particularly important to replicate 
key features of the surface anatomy of the lateral ear. The 
reconstructed ear should also be elevated posteriorly away 
from the side of the head, to produce symmetrical ear pro-
jection and to re-create a post-auricular sulcus.

In practice, the individual aesthetic preference of the 
patient, the desire for and acceptance of a longer recov-
ery time required for autologous reconstruction influence 
the agreed plan for correction of the ear deficit or defor-
mity. Furthermore, any autologous reconstruction that is 
offered is tempered by the need for and available options 
for structural replacement and soft tissue cover. 

Clinical assessment
As part of their clinical assessment16 the multidisciplinary 
team should note the patient’s general medical health and 
medications. Medical history of cardiorespiratory disease, 
diabetes, hypertension and immunodeficiency need to be 
considered in terms of fitness for surgery and the risk of 
complications afterwards. Use of aspirin, steroids, warfa-
rin, immunosuppressive agents, tobacco and recreational 
drugs are documented. Previous procedures on the ears 
and chest, including operations for ear reconstruction, 
are noted. A history of hypertrophic or keloid scarring is 
sought. Previous or current psychiatric history may influ-
ence the patient’s perception of his or her condition and 
must be documented.

Specific assessment for ear reconstruction is made in 
these key areas:

• size, nature and location of the ear defect or deformity
• whether defects or deformities are unilateral or bilateral 
• symmetry of the size, shape, appearance of the lateral 

surface of the ear, angle of reclination (rotation from 
the vertical) and elevation or projection of the ear

• availability and condition of local and regional vascu-
larized tissues for soft-tissue reconstruction

• availability and condition of donor conchal and costal 
cartilage for structural reconstruction

• audiology assessment
• assessment by a prosthetist
• patient expectations and preferences
• age of the child in congenital deformities.

Clinical photographs of both ears in close-up and in stan-
dard frontal, oblique and lateral facial views are taken to 
document the condition. The size of any partial defect is 
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measured and the site described in relation to the upper, 
middle and lower thirds of the ear, and a note is made 
of key aesthetic contours which are affected. In unilateral 
deficits, key aspects of the normal ear are measured – ear 
height, width, angle of reclination and horizontal distance 
from the lateral canthus. Any deficiency of cartilage struc-
tural support or overlying skin is identified. The presence 
of scars and the quality of the skin over and adjacent to 
the site of intended reconstruction influence the options 
available for reconstruction. The STA is palpated along 
its course to the frontal and parietal branches. Primary 
sources of cartilage graft for replacement of structural 
support and framework construction are conchal and cos-
tal cartilage. The chest is examined for the presence of 
scars and the contour of the costal margin. Contralateral 
ears are examined for the availability of conchal cartilage 
for unilateral partial reconstruction. 

An assessment by the maxillofacial prosthetist is car-
ried out to present the patient with the available prosthetic 
options for the individual defect or deformity. This may 
range from osseointegrated implant-based to adhesive-
based silastic devices. The required care and maintenance 
regimen for these prosthetics is described. If autologous 
ear reconstruction is desired, moulds of the affected and 
unaffected ears are taken to produce 3D silicone models 
for planning surgical reconstruction. 

The reconstructive preference of the patient is sought, 
and his or her expectation of the outcome of surgery is 
evaluated against the achievable result. Unrealistic expec-
tations of the outcome of reconstructive surgery are a rela-
tive contraindication to proceed. Caution against surgery 
is also advised in patients who exhibit symptoms of body 
dysmorphic disorder (BDD) and untreated psychiatric 
conditions.16 

Special investigations and planning
A chest radiograph is helpful for reviewing the configu-
ration of the ribs in conjunction with the clinical assess-
ment of the costal margin, especially if the patient has had 
previous chest trauma or thoracic surgery. Patients with 
extensive local scarring may require a temporoparietal 
fascial flap as vascularized soft-tissue cover for ear recon-
struction. Angiography of the external carotid artery or 
Doppler ultrasonography is important for assessing the 
continuity and calibre of the STA. 

Two-dimensional templates and 3D models are impor-
tant for the planning of partial and total ear reconstruc-
tion. Templates are typically made from radiographic 
or acetate film. These may be customized by tracing 
the outer border, antihelix, superior and inferior crus, 
tragus and antitragus of the contralateral normal ear 
(Figure  96.5).17,  18 These images are then reversed to 
create a basis on which to plan reconstruction. Nagata 
has designed a series of standardized templates for car-
tilage framework construction based on key height and 
width measurements, and Tolleth’s described propor-
tions of the ideal ear.19 An appropriate standardized 
template for an individual patient is chosen based on 
the height of the contralateral normal ear (Figure 96.6). 

Customized templates are helpful in assessing partial 
ear defects and for unilateral total ear reconstruction. 
Standardized templates are less sympathetic to the indi-
vidual features of the contralateral normal ear but sup-
port the fabrication of frameworks that can be replicated 
time and again, and they are helpful in providing a basis 
for bilateral total ear reconstruction. 

Three-dimensional silicone models are made by taking 
an impression of and replicating the contralateral nor-
mal ear, and then creating a mirror image of this model. 
These models not only recreate the complex depressions 
and ridges on the lateral surface of the ear but also pro-
vide additional information on the degree of projection of 
the ear. Both templates and models can be sterilized for 
use intra-operatively as a guide for cartilage framework 
fabrication and surgical incision design for the creation of 
soft-tissue cover over the framework. 

Principles of ear reconstruction surgery
Partial ear reconstruction may require the replacement 
of one or both components of cartilage and skin cover. 
Cartilage support is more important in defects affecting 
areas that provide length or width stability for the ear 
framework, such as the helix and antihelix. In addition, 
cartilage replacement in highly contoured areas on the lat-
eral surface of the ear improves the aesthetic appearance 
of the reconstruction. Isolated cartilage loss in the concha 
causes minimal framework instability, hence conchal car-
tilage is often a preferred source of grafts for reconstruc-
tion of small defects. 

(a) (b)

Figure 96.5 (a) Customized 2D template, drawn on a semi-
transparent film, that highlights the key structures of the ear 
described in Figure 96.1. (b) Overlay of the template on the ear 
to show that the template provides an accurate depiction of 
the size and proportions of the ear. The customized template 
taken from the remaining normal ear and reversed is useful in 
patients where unilateral reconstruction is required. 
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Costal cartilage is available in larger volume and pro-
vides much higher structural rigidity than conchal carti-
lage. It is thus ideal for framework fabrication in total and 
subtotal partial ear reconstruction as it is able to withstand 
the deformational forces generated by scar contracture of 
the skin and soft tissue used for draping the framework. 

Alloplastic materials such as shaped silastic and high-
density porous polyethylene implants are also able to pro-
vide good mechanical strength when used as support in ear 
reconstruction. However, the use of silastic ear implants is 
associated with a significant risk of implant exposure and 
infection and is therefore not recommended.20, 21 Porous 
polyethylene (Medpor®) is a biocompatible material that 
allows host tissue ingrowth for better tissue integration, 
but it has also been shown to have a high exposure rate of 
44% unless fully enveloped by a large well-vascularized 
temporoparietal fascial flap, decreasing the rate of expo-
sure to 7%.22 These implants are also prone to fracture 
which may be difficult to detect.

Defects of skin only on the medial (cephalic) surface of 
the ear can usually be repaired by direct advancement of the 
mobile skin in this area of the ear (see ‘Structure’ above). 
A consequence of significant skin advancement in this area 
is a decrease in projection of the ear, loss of the postauric-
ular sulcus and ear asymmetry. Skin on the lateral surface 
of the ear is adherent to the underlying perichondrium, 
thus traumatic lacerations and cancer excisions in this area 
tend to cause cartilage exposure. Skin defects in this area 
may be reconstructed by converting it to a full-thickness 
defect that is closed directly (e.g. a wedge excision if the 
defect is sited at the helical rim). Alternatively, the underly-
ing cartilage may be excised (e.g. if the defect is sited at the 
scapha or concha) to produce a vascular bed suitable for a 
full-thickness skin graft. Skin grafts are ideally harvested 
from the head and neck area for a better colour match. 
Caution should be paid to cartilage excision in this way, as 
there is a high risk of causing a secondary ear deformity if 
medium to large sections of cartilage are removed which 
compromise the structural support of the ear. 

Skin-cartilage defects and full-thickness defects of the 
ear may be reconstructed with local, random-pattern 
cutaneous or chondrocutaneous flaps, which may be used 
in combination with a structural framework. For exam-
ple, a large, full-thickness middle-third defect involving 
the helix and antihelix requires the replacement of con-
toured cartilage support and flap cover for more than 
twice the surface area of the skin deficiency. This pro-
vides skin cover for the medial surface of the framework, 
as well as taking into account the increased area required 
for draping over the ridges and depressions of the lateral 
surface. 

Patients undergoing subtotal and total ear reconstruc-
tion require skin or fascial flaps over the ear frame-
work which provides vascularized soft-tissue cover. The 
amount of cover needed depends on the height, width and 
depth (thickness) of the framework constructed. A more 
complex and detailed framework exhibits more anatomi-
cally accurate features and may include a conchal bowl, 
which increases the thickness of the frame and hence the 
surface area of the soft-tissue cover required. The local 
hairless mastoid skin at the site of intended reconstruc-
tion is the workhorse for frame cover. When this is not 
available (e.g. in burns) or limited (e.g. in patients with 
low hairline), then the temporoparietal fascial flap with an 
overlying skin graft is used to cover the lateral surface of 
the framework. Usually, there is insufficient vascularized 
soft tissue to envelope both the lateral and medial surfaces 
of the framework adequately in a single procedure. Ear 
reconstruction is therefore often staged and provision of 
soft-tissue cover for the less visible medial surface is left 
for a later procedure.

It is essential for skin or fascial flap cover to be well-
vascularized, as autologous cartilage frameworks are 
large avascular grafts containing chondrocytes that rely 
on the surrounding soft tissues for nutrient and oxygen 
delivery. Secondary vascularization from these soft tissues 
also improves framework stability through fibrous scar 
formation and aids long-term frame retention.

(a) (b) (c)

Figure 96.6 (a) Standardized 2D template, with the position and proportions of key structures as described for the ideal ear 
according to Tolleth.3 (b) Silastic 3D model produced from the remaining normal ear in a patient with unilateral deformity. This may 
be reversed to act as an intra-operative model during reconstruction. (c) Overlay of the template on the ear model to show that the 
standardized template, although well-proportioned, may not accurately reflect the appearance of the contralateral normal ear. 

K17879_Volume III_Book.indb   1350 5/26/18   7:35 AM



96: PARTIAL AND TOTAL EAR RECONSTRUCTION 1351

96
Timing of ear reconstruction
The majority of paediatric ear reconstruction is indicated 
for congenital deformity and is a primary subtotal or total 
reconstructive procedure. By 5 years of age the ear of the 
child achieves 87% of the adult size, and by 12–13 years 
98% of adult ear size is reached.23 The complex nature 
of the Nagata costal cartilage framework requires a large 
volume of costal cartilage to fabricate the frame. He pro-
poses that children are offered a two-stage ear reconstruc-
tion after the age of 10  years and when they achieve a 
horizontal chest circumference of ≥60 cm at the level of 
the xiphoid.24 Brent believes that the timing of reconstruc-
tion should take into account the psychological effect of 
childhood teasing which starts at 7–10 years of age and 
the physical growth of the child until a substantial amount 
of costal cartilage is available.25 He produces a simpler 
framework for his three- or four-stage ear reconstruction, 
and 40% of his patients undergo their first operation at 
5–6 years and another 40% at 6–10 years of age. The abil-
ity of the child to cooperate with post-operative care is 
also a key factor in the choice of timing to proceed with 
reconstruction.

The timing of adult partial ear reconstruction depends 
on the size and cause of the ear defect, and on patient pref-
erence. Reconstruction after cancer excision is dependent 
on the clearance margins and the need for adjuvant radio-
therapy. If primary autologous reconstruction is carried 
out immediately after tumour excision, adjuvant radio-
therapy is deferred for at least 4 weeks to allow time for 
wound healing and vascularization of the cartilage frame-
work. Delaying ear reconstruction for 12–24 months after 
cancer removal provides time for regular evaluation for 
locoregional recurrence in patients with high-risk tumours 
or narrow excision margins. Traumatic lesions after bite 
injuries are ideally closed or skin grafted initially due to 
an increased risk of wound infection. Small defects after 
traumatic or wide-margin cancer excision benefit from 
early reconstruction. If delayed reconstruction is planned, 
a period of 3–6  months will allow time for soft-tissue 
induration to subside and scarring to mature.

PARTIAL EAR RECONSTRUCTION
It is useful to classify partial defects of the lateral sur-
face into those that affect the upper third, middle third 
and concha, and the lower third of the ear. Upper-third 
defects are easily visible and may involve the helix, supe-
rior and inferior crus, and superior antihelix, which are 
features that provide structural support. Priority is given 
to preservation of the junction of the anterior helix with 
the scalp, which is important for spectacle retention. 
Small skin-only defects in the upper third may be closed 
directly with minimal deformity. Medium-sized lesions 
may be reconstructed with local skin flaps or converted 
to a full-thickness triangular excision and a closing chon-
drocutaneous wedge performed (Figure  96.7). The apex 
of the wedge ideally extends into a depressed area of the 
lateral ear contour and the cartilage in this area requires 

debulking as part of a dog-ear reduction. Wedge excision 
reduces the height and changes the shape of the ear. It also 
tends to cause a ‘cupped’ appearance of the auricle, which 
is corrected by the use of accessory triangles at the apex. 
In order to minimize altering the shape and prominence 
of the ear, the Antia-Buch technique is used for helical 
lesions and advances chondrocutaneous flaps from the 
crus and tail of the helix into the defect (Figure 96.8).26 
The flap encompassing the helical crus is only mobilized 
using V–Y advancement if the defect is large. Large defects 
causing substantial loss of ear height and defects associ-
ated with the loss or deformity of the helix at the junction 
of the anterior helix with the temporal scalp will benefit 
from reconstruction with the use of a cartilage graft for 
support and appropriate soft-tissue cover. This complex 
reconstruction can be performed in one or two stages.

Defects of the peripheral middle third of the ear involv-
ing the helix and antihelix, which provide structural sup-
port, are therefore treated differently from isolated defects 
involving the concha only. Additional cartilage support 
is not required if either the helical or antihelical ridges 
remain intact. Options for managing peripheral middle-
third defects include:

• direct closure
• wedge excision and closure
• local or regional skin flaps, e.g. bipedicled tubed flap 

for helical defects, retroauricular (mastoid) flap of 
Dieffenbach27

• helical and conchal chondrocutaneous advancement 
flaps, e.g. Antia-Buch flap (Figure 96.8)

Figure 96.7 Wedge excision with refinements. The apex of the 
wedge ideally extends into a depressed area of the lateral ear 
contour and the cartilage in this area requires debulking as part 
of a dog-ear reduction. Wedge excision reduces the height and 
changes the shape of the ear. It also tends to cause a ‘cupped’ 
appearance of the auricle, which is corrected by the use of 
accessory triangles at the apex of the wedge.
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• cartilage graft in combination with a local or regional 
flap, e.g. Dieffenbach flap (Figure 96.9).

Skin-only conchal defects can be skin grafted if the peri-
chondrium is intact. Exposed conchal cartilage may be 
excised to facilitate a vascular bed suitable to receive a 
skin graft. Due to the depressed contour of the concha, a 
soft bolster over the inlaid skin graft can be used to ensure 
adequate contact of the skin graft with the underlying 
soft-tissue bed. Alternatively, skin and cartilage defects 
of the concha may be reconstructed with a postauricular 
revolving-door flap.28 It is not essential to replace the car-
tilage in these defects.

Lower-third ear defects include those that affect the 
earlobe and the antitragus. The antitragus is not a cosmet-
ically sensitive area and isolated lesions here are uncom-
mon. They can usually be managed by cartilage excision 
and direct closure or local transposition flap. The earlobe 
contributes significantly to the overall aesthetic appear-
ance of the ear and defects or deformities in this area are 
often noticed by the patient and surrounding observers. 
A number of different one- and two-stage techniques 

utilizing local flaps have been described for earlobe recon-
struction. Applying skin graft to lateral defects of the 
earlobe is less aesthetic and may be associated with graft 
contracture resulting in a persistent deformity. In order to 
avoid this, a cartilage batten graft sized and shaped to that 
of the ideal earlobe is inserted in a subcutaneous pocket 
deep to the flaps. Grafts used in this way are sourced from 
the concha, costal cartilage and nasal septum. 

AUTOLOGOUS TOTAL EAR 
RECONSTRUCTION
The key steps for carrying out autologous total ear recon-
struction are:

 1. Identifying and marking the ideal site for the new ear
 2. Making a 2D template and/or a 3D model for carti-

lage framework fabrication
 3. Planning of soft-tissue cover, including skin incisions 

and flaps at the ideal site for the new ear
 4. Costal cartilage harvest 

(a) (b) (c)

Figure 96.8 Antia-Buch helical chondrocutaneous advancement flap. This composite flap reconstruction is ideal for defects on the 
outer margin of the upper third of the external ear, and involves local transposition of the crus and anterior helix. Larger defects 
may require the additional local transposition of the tail and posterior helix, as shown.

Figure 96.9 Dieffenbach postauricular flap with costal cartilage graft.

(a) (b) (c) (d)
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 5. Removal of remnant fibrocartilage in microtia or 

deformed cartilage
 6. Dissection and preparation of skin and/or fascial flaps 

to receive cartilage framework
 7. Formation of costal cartilage framework
 8. Insertion of framework and inset of overlying soft 

tissues
 9. One or more further stages of ear reconstruction, 

including framework elevation.

Patients are marked using the upper border of the EAM 
and inferior orbital margin to determine the Frankfurt 
horizontal as a line of reference. The upper border of the 
new ear is marked one ear length posterior to the most 
lateral point of the eyebrow on a line parallel to the 
Frankfurt horizontal. The lower border of the new ear 
should be located at the level of the upper lip, with the ear 
reclined posteriorly by 20 degrees along its axis.29

Costal cartilage for framework fabrication is harvested 
from the costal margin. The amount of cartilage required 
is estimated from the features of the template or model. 
Typically, three or four costal cartilages are used, includ-
ing an area of synchondrosis from the 6th and 7th costal 
cartilages. When harvested without perichondrium, the 
form of the costal margin may be restored by returning 
diced unused cartilage into the perichondrial sleeves.30 

Different techniques for autologous ear reconstruction 
are in use around the world. The most popular current 
techniques for microtia are those of Brent, Firmin and 
Nagata, and modifications of these. 

The four stages of the Brent ear reconstruction tech-
nique are shown in Table 96.1.25

The Nagata ear reconstruction technique condenses the 
steps of the Brent technique into two stages by the utiliza-
tion of local transposition flaps, with the preservation of a 
subcutaneous pedicle for the skin flap overlying the cavum 
concha of the new ear. Nagata also advocates the con-
struction of a detailed and complex costal cartilage frame-
work.31 Stages of this technique are detailed in Table 96.2 
(see Figure 96.10).

Firmin ear reconstruction is a two-stage reconstruction 
technique adapted from Nagata, but which differs from 
Nagata in the approach to soft-tissue cover. She describes 

four types of skin approach for the placement of a car-
tilage framework in total or subtotal ear reconstruction 
(Table 96.3) and does not utilize any subcutaneous ped-
icles for the skin flap overlying the framework.32 Firmin 
further classifies the costal cartilage framework fabricated 
according to the structural features that require recon-
struction (Table 96.4).32 Two projection pieces are added 
to the framework to increase the depth of the framework 
and accentuate the contours of the lateral surface of the 
new ear. ‘P1’ links the tragus and helical crus and pro-
vides stability to the anterior frame. ‘P2’ is placed under 
the base plate deep to the antihelix. 

A comparison of the three types of costal cartilage 
framework is shown in Figure 96.11. Costal cartilage 
frameworks are typically carved with sculpture knives 
in component parts according to the templates or mod-
els and then assembled. These components, such as the 
helical piece, are held rigidly in place with the use of 
monofilament 38-gauge stainless steel wires which have 
high tensile strength and modulus of elasticity. This 
prevents displacement of the component pieces of the 
framework and facilitates framework  vascularization 
and fibrous healing. The frames are made smaller than 
the intended size of ear reconstruction to take into 
account the thickness of the soft-tissue layer that is 
draped over it. 

The cartilage framework is elevated to create ear pro-
jection and a postauricular sulcus as a separate surgi-
cal procedure 3–6  months after the frame is inserted. 
The ear projection produced is better maintained using 
a costal cartilage strut between the mastoid area and 
the framework in the postauricular sulcus. Vascularized 
soft tissue such as the temporoparietal fascial flap with 
an overlying split-thickness skin graft is used to sustain 
this cartilage strut. Alternatively, full- or split-thickness 
skin grafts, with or without mastoid fascial flaps, are 
used to reconstruct the medial (cranial) surface of the 
cartilage framework and postauricular sulcus. The lat-
ter technique is associated with a higher incidence of 
retraction of the sulcus so formed, resulting in a loss of 
ear projection. 

TABLE 96.1 The four stages of the Brent ear 
reconstruction technique

Surgical stage Description of surgical procedure

1 Carving and insertion of simple two-piece 
costal cartilage framework at the ideal site for 
the new ear

2 Ear lobule transposition and insertion of inferior 
framework into bivalved lobule

3 Framework elevation and full-thickness skin 
graft to medial surface of the new ear

4 Formation of tragus with contralateral 
composite conchal cartilage graft and 
full-thickness skin graft to concha

TABLE 96.2 The two stages of the Nagata ear 
reconstruction technique

Surgical stage Description of surgical procedure

1 W-shaped skin incision with central 
subcutaneous pedicle for creation of 
neoexternal auditory meatus and local flap for 
the lateral surface of the earlobe

Carving and insertion of seven-piece costal 
cartilage framework at the ideal site for the 
new ear – includes one tragal piece and two 
conchal pieces

2 Framework elevation supported in place with 
two- to four-piece costal cartilage strut

Posteromedial surface of the new ear and 
cartilage strut covered with temporoparietal 
fascial flap and thick split-thickness skin graft
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COMPLICATIONS OF EAR 
RECONSTRUCTION
Soft-tissue necrosis secondary to ischaemia of the cover-
ing skin and fascial flaps may occur. As a consequence, 
 exposure of the cartilage framework may ensue that 
requires timely coverage with available local flaps. Infection 
of the cartilage framework may result from exposure and 

(a)

(b)

Figure 96.10 Schematic drawing of 
Nagata two-stage ear reconstruction 
procedure. (a) First stage, (b) second 
stage. 

TABLE 96.3 Classification of the four types of skin 
approach for the placement of a cartilage framework 
after Firmin

Type of skin 
approach Description of skin incision

1 Z-plasty skin flaps modified from Nagata

2 Transfixion skin flap, where the microtia skin 
envelope is released superiorly then transposed 
inferiorly and bivalved to accept the caudal 
portion of the cartilage framework

3a Skin incision at the upper scapha of a deformed 
ear, where there is adequate skin cover for 
one-stage cover of the lateral and medial 
surfaces of the ear reconstruction

3b Skin incision is placed at the anterior border of 
the microtia skin envelope or the mastoid hairline, 
where the microtia remnants are absent or not in 
a position to facilitate transposition or transfixion 
flaps

TABLE 96.4 Classification of the types of costal cartilage 
framework after Firmin

Type of cartilage 
framework Description of framework

1 Complete framework with antitragus and 
tragus

2 Framework without tragus

3 Framework without antitragus and tragus
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is a devastating complication that may require removal of 
the framework. Wire extrusion from the framework and 
alopecia along scalp incision scars may also occur. Harvest 
of costal cartilage grafts is associated with a small risk of 
pneumothorax which must be checked with a Valsalva 
manoeuvre before closure of the chest incision.

SUMMARY
• Successful reconstruction of a partial ear defect 

demands meticulous analysis of the deficit and knowl-
edge of key structural features which would benefit 
from cartilage replacement.

• Aesthetically pleasing partial ear reconstruction 
is based upon a sound understanding of the donor 
sources for cartilage replacement and the available 

options (based on vascular anatomy) for local skin and 
fascial flaps.

• Surgeons intending to perform subtotal or total ear 
reconstruction need to be attentive to details through-
out the planning process, including the intended pro-
portions of the new ear.

• Careful consideration should be paid to the formation 
of an anatomically accurate framework and the design 
of surgical incisions for local flaps used to protect and 
sustain it.

• In order to ensure familiarity and competence with 
the equipment required for autologous ear reconstruc-
tion (e.g.  stainless steel wires and sculpture knives) 
and with the handling of the costal cartilage graft 
used, it is recommended that a period of training is 
undertaken.

Brent frame Nagata frame Firmin frame

(a) (b) (c)

Figure 96.11 Comparison of the Brent, Nagata and Firmin costal cartilage frameworks. (a) The Brent framework consists of two layers of 
carved costal cartilage: a base plate (yellow) from which the antihelix is carved, and a separately carved helical piece (blue) which 
is then secured to the base plate. Note the concavity of the scapha and triangular fossa (orange) which is used to accentuate 
the prominence of the antihelix. (b) The Nagata framework is more complex and builds upon a carved base plate (yellow) with 
separately carved helix, antihelix (blue) and tragal (blue) structures which are secured onto the base plate with stainless steel wires. 
In addition, the root of the helix is anchored deep to the base plate to create depth in the concha and additional carved pieces for 
the cymba concha and cavum concha (green) are anchored to the underside of the base plate to enhance the 3D features of the 
reconstructed ear. (c) Firmin also uses separately carved pieces of costal cartilage to recreate the helix, antihelix and tragus (blue) 
on top of a base plate (yellow). However, the tragus produced is of less depth and the root of the helix is less prominent. Two other 
pieces of cartilage (green) are secured to the underside of the base plate and are used to create depth in the concha (P1) and 
anchor the positions of the helix and tragus (P2).

BEST CLINICAL PRACTICE

 ✓ Acquire the appropriate training and expertise.
 ✓ Ideally, work within a multidisciplinary team able to offer the 

option of prosthetic reconstruction and psychological support.

 ✓ Audit your results.
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FUTURE RESEARCH

There is poor quality of evidence available for partial and total 
ear reconstruction techniques. This is because of the myriad 
different techniques which have been published, often to 
address the variable types of partial defects and congenital 
ear anomalies presenting to the ear reconstruction surgeon. 
In addition, international standardized outcome measures for 

surgery are absent, making it difficult to run surgical trials. 
Further research should involve the development of and con-
sensus for international outcome measures. Subsequent case 
series using a consistent technique and reporting these out-
comes will allow comparison between techniques and centres 
of excellence.

• Intimate knowledge of the anatomy, features and location of 
the ear is essential for the ear reconstruction surgeon.

• Ear reconstruction is best performed with the support of a 
multidisciplinary team.

• Partial ear reconstruction should take into account the 
aesthetic significance of the area to be reconstructed and 
whether structural support is required for reconstruction.

• Surgery for autologous total ear reconstruction is technically 
demanding and usually performed in stages.

• An anatomically accurate costal cartilage framework 
providing structural support and overlying vascularized 
soft-tissue cover is essential for autologous total ear 
reconstruction.
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ACKNOWLEDGEMENTS
The author would like to thank Mr Lok Huei Yap, 
Consultant Plastic Surgeon at Prince’s Court Medical 
Centre, Malaysia, for his advice on the structure of the chap-
ter; Southampton General Hospital Medical Photography 

Department, for assistance with photography of the male 
model; and Royal Victoria Infirmary, Newcastle-upon-
Tyne Medical Photography Department, for their assis-
tance with photography of the 3D ear model.

K17879_Volume III_Book.indb   1356 5/26/18   7:35 AM

http://www.e-lfh.org.uk/projects/e-lpras

