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Abstract

Chronic or recurrent otitis externa is a problematic entity for clinicians to control. One
of the contributing causes to this problem is poor ventilation of the external auditory
canal leading to high humidity and consequent maceration of the canal skin. Over the
years several surgical procedures have been developed to widen the external auditory
canal and therefore improve ventilation. Clinically these procedures have been quite

‘successful in controlling chronic otitis externa.

The improvement has always been ascribed to improved ventilation, This increase in
ventilation has, however, never been documented, nor quantified. One of the
successful procedures is that of conchomeatoplasty. This study set out to demonstrate
an improvement in ventilation and if possible to quantify this improvement, following

conchomeatoplasty.

The operation was performed on thirty consecutive cadaver specimens and
preoperative as well as postoperative measurements of the external ear canals were
performed. Silicone moulds of the canals were taken and sectioned in an identical
manner to obtain the required measurements. Statistical analysis demonstra. .d a
consistent increase in canal diameter and by applying Poiseuille's equation to the

results it was possible to demonstrate a five fold increase in the ventilatory capacity of




the lateral external auditory canal at one of the narrowest points of the cartilaginous

canal.

This is the first documentation of improved ventilation following any type of
meatoplasty. The method that was developed for measuring and comparing external
canal sizes is unique and original and will allow for future comparison of different

surgical techniques in an objective and scientific manner.
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Nomenclature

AP
EAC
Postop

Preop

Anteroposterior

External Auditory Canal

Postoperative

Preoperative

Surface area of skin in contact with circulating air

Volume of air circulating




Chapter 1

Introduction



Otitis externa is a common problem dealt with on a regular basis by

otorhinolaryngologists.'"*® In most cases the management is straightforward and
almost all patients respond well to medical therapy.? A+ ~ilet followed by the
application of an ointment containing a combination ¢ .+ . 4, antibiotic and

antifungal components will settle most episades. The steroid aids in relieving swelling
and pruritis whereas the antibiotic and antifungal preparations address ine infective

components.”

On occasion however a patient presents with recurrent or chronic otitis externa and in
these cases the management may become quite problematc.*' Although the
mainstay of treatment remains medical, the factors giving rise to repeated infections
need to be addressed.*” Chronic moisture, humidity and retained debris lead to
maceration of the canal skin and create an ideal environment for bacterial and fingal
growth.” Very often this is the end product of poor ventilation of the external canal
and no matter how often the infection is cleared up medically, unless the underlying

cause is corrected, the risk of recurrent infections remains a constant companion.®

Repeated infection of the external ear canal is associated with significant morbidity.
Apart from the acufe symptoms of intractable pain and occasionally conductive
hearing loss, recurrent episodes of otitis externa carry the risk of fibrous obliteration
of the ear canal."®?°%2% Ip an attempt to address the problems of recurrent otitis

externa that is resistant to medical therapy, several surgical approaches have been
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developed.? "2 The main thrust of surgery is towards maintaining functional

canal skin and to promoting improved ventilation of the e-ternal ear canal.?2

One of the successful techniques employed in the surgical treatment of recalcitrant
otitis externa is that of conchomeatoplasty.® A significant proportion of the clinical
improvement seen afier meatoplasty has always been attributed to improved
ventilation 6121417119223 T4 improvement, however, has never been scientifically

.documented nor quantified.

This study was designed to determine whether conchomeatoplasty leads to a
demonstrable improvement in ventilation of the external auditory canal and if so,

whether this improvement can be quantified.



Chapter 2

Wlaterials and Methods




2.1 Subjects

Conchomeatoplasties were performed on fifteen consecutive cadaver specimens used

for general anatomy dissection in the laboratories of the Department of Anatomy at

the University of the Witwatersrand. Both ears were operated on each specimen,

giving a total of thirty studied ears.

Specimen Details:

Number Age Weight Length Sex Race
(kg) (m)
AD7313 76 66 1.85 M White
ADT7242 82 85 1.75 M White
AD7354 58 39 1.61 F ‘White
AD7276 50 46 1.69 M Black
AD7375 74 58 1.69 M White
AD7255 60 43 1.63 M Black
ADT7271 31 74 1.65 F White
ADT7292 74 80 1.82 M White
AD7279 75 61 1,58 F White
AD7356 59 48 1.63 F White
AD7260 71 52 1.73 M Black
AD7357 76 65 1.68 M White
AD7287 60 60 1.82 M White
AD7334 72 47 1.67 F White
AD7285 76 44 1.54 F ‘White




Exclusion criteria:
4 Congenitally abnormal ears.
4 Ears showing signs of previous trauma or stzpery,

¢ Ears damaged by previous disszction.

Each subject acted as its own control in that pre and postoperative measurements were
compared. By using an unselected cadaver specitmen group, it allowed for
measurements to made in a short time span; eliminated selection bias and allowed for
comparison of pure measurement without possible confourding issues such as

underlying infection or dermatological condiiions.




2.2 Intervention

The procedure that was performed on each specimen is a conchomeatoplasty. First
described by Hunsaker in 1988, the operation has been designed to enlarge the
external auditory meatus to allow adequate ventilation.’ The conchal cartilage and
underlying soft tissue are resected to create a funnel-shaped meatus. In addition, a
full-thickness skin graft from the redundant conchal skin is grafted to augment the

meatal skin, which increases the circumference of the meatus.

The operation entails an incision around the conchal bow! from "six o'clock" around
to “twelve o'clock” (Fig 1). It joins up to a release incision made between the tragus
and anterior crus of the helix. The incision extends through cartilage and
subcutaneous tissue down to bone along its entire length. The resultant ‘;nferomedially
based skin flap is raised off the conchal cartilage and ail nssue deep to it (cartilage
and subcutaneous tissue) are removed. The skin flap is draped back into the conchal
bowl and excess skin on the posterior aspect is trimmed off (Fig 2). This full-
thickness skin is used as a free skin graft in the superior aspect of the canal. Flap and

graft are then sutured into position (Fig 3).




Fig 2. Skin flap draped into conchal bowl. Excess skin excised. A indicates pedicled

flap, B indicates redundant skin to be used as free skin graft.
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Fig 3, Flap and skin graft sutured into position



2.3 Measurements

All canals were inspected prior to intervention for any exclusion criteria or for debris

that may have interfered with measurements.

Casts were made of the ear canals with a silicone material normally used in the
preparation of hearing aids ("A-Zilicone®" by Oticon, Denmark). The procedure
followed was the same as for hearing aid fitment:

¢ Otoscopic examination of the ear canal

¢ Sponge stopper placed against the tympanic membrane to aid in removal

of cast |
¢ Silicone introduced into the canal ensuring complete filling of the canal
¢ Adequate time allowed for curing of moulds

¢ Mould removed and inspected for air bubbles or other abnormalities

The surgical procedure was then performed and another impression taken to reflect
the postoperative situation. The pre and postoperative moulds for each ear were
packed separately to ensure that specimens were accurately archived and that the

correct comparisons were made.
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The surgical procedure alters the shape of the inferior, posterior and superior aspects
of the lateral external ear canal. The anterior aspect, however, remains unchanged and
a point along the anterior canal wall that could be identified on both the pre and
postoperative moulds was therefore used as a reference point for all measurements
and sections (A in Fig 4). This ensured that measurements compared the same points

along the long axis of the canal.

The silicone moulds were sectioned in an axial plane using a scalpel blade. Care was

taken to ensure that the two inferior halves were compared.

A

N

BCD E

Fig 4. Preoperative mould

A

4 ‘*n\,____./“

BCD E

Fig 5. Postoperative mould




The preoperative specimen was examined and the impression of the conchal cartilage
was usually readily identifiable on the posterior aspect of the mould. The most medial
aspect of this impression (B in Fig 4) was identified and the AP diameter at this point
was measured. Three further measurements of the AP diameter were made along the
long axis of the ear canal:

4 At the most prominent point of the conchal impression (C in Fig 4)

¢ Smm lateral to the first point (D in Fig 4)

¢ 10mum lateral to the first point (E in Fig 4)

A line perpendicular to the long axis of the canal was then drawn on the mould lateral
to the most lateral measurement. The line was referenced to the previously described
point on the anterior canal wall and all four measurement points were in turn
referenced back to this line. Using the common reference point on the anterior canal
wall of the postoperative specimen, an identical lateral perpendicular line was drawn
on the mould. Working from lateral to medial according to the references obtained
from the preoperative specimen, the four measurement points were marked off and

the AP diameters determined.

Measurements were made with a dial vernier sensitive to 0.02mm. The consistent and
reproducible nature of the measurement technique was tested and demonstrated in the

validation section of this study (See section 2.4).
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2.4 Measurement validation

This method of determining AP diameter measurements of the external ear canal has
never been described before. It was therefore necessary to determine and demonstrate

the reproducible nature of these measurements.

Eleven moulds were made of a single postoperative specimen and sectioned in the
usual way. The anterior canal wall reference point was easily identifiable and the AP

diameter for each mould was determined at this point.

Resulis:

Mould number Measurement {(mm)
4.70
4,72
4,76
4.70
476
4,74
4.76
4,76
4,74
4,76
474

Lol et * 20 % BN B = N ¥, IS ~NIR ER I 0 ey

-0




13

Validation data analvsis:

N Mean Standard deviation Minimum Maximum

11 4.74 0.0236643 4.70 4.76

It is clear from these results that the moulds are easily standardised and that it is

possible to reproduce all measurements just as easily and reliably.



Chapter 3
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Results




3.1 Description of Measurement Points

The four points used for measuring are:

¢ Pointi - Most medial aspi«t of the conchal fold impression
¢ Point2 - Most prominent point of the conchal fold impression
¢ Foint3 - 5mm lateral to Point 1

- 10mm lateral to Point 1

¢ Point4

All values are given in millimetres.

A

1

(\ e ® ]
S

R
\

hS

123 4

Fig 4. Preoperative mould



16

3.2 Results for Points 1-4

Point 1

Most medial aspect of the conchal fold impression

Specimen Left ears Right ears
Preop Postop Preop | Postop
7313 430 6.58 1.74 2.58
7242 2.82 4.24 1.32 2.34
7354 482 6.90 2.84 436
7276 2.18 3.94 5.74 6.62
7375 7.94 9.10 7.40 740
o 7255 2.54 4.26 410 472
7271 2.90 412 232 3.04
7292 3.88 4,12 240 2.94
7279 2.00 2.00 1.52 1.54
7356 1.36 356 1,50 1.50
7260 5.88 7.06 3.90 5.18
7357 4.04 5.18 2.92 4.60
7287 432 5.62 486 4.98
7334 2.86 470 342 4.46
7285 2.64 3.16 3.28 420

Mean values:

Preoperative 3.49mm
Postoperative 4.50mm
Difference  1.0lmm

% Increase  29%



Point 2

17

Most prominent point of the conchal fold impression

Specimen Left ears Right ears
Preop Postop Preop Postop
7313 5.52 8.28 2.82 4.46
7242 2.26 520 1.88 3.14
7354 498 7.94 3.40 5.44
7276 2.66 5.04 5.94 7.96
7375 8.40 10.86 7.90 10.00
7255 3.26 6.04 2.54 4.88
7271 3.68 5.56 2.74 3.76
7292 4.06 6.10 3.54 4.96
7279 1.86 3.04 1.74 2.52
7356 3.38 7.96 2.38 2.48
7260 52 743 352 5.64
7357 444 6.84 3.90 5.84
7287 444 6.58 5.50 6.20
7334 4.08 5.86 450 598
7285 2.72 T 336 422 7.42

Mean values:

Preoperative 3.91mm
Postoperative 5.93mm
Difference  2.02mm

% Increase  52%




Point 3

Smm lateral to point 1

Specimen Left ears Right ears
Preop Postop Preop Postop
7313 6.38 9.88 5.26 8.52
7242 3.10 6.70 2.78 3.92
7354 792 12.06 8.00 9.08
7276 522 8.18 12.40 12.72
7375 9.56 12.16 9.10 11.54
7255 6.82 8.80 420 6.20
7271 6.18 8.60 5.76 6.98
7292 498 8.80 443 6.86
7279 3.18 462 3.46 402
7356 542 8.82 3.54 454
7260 7.84 9.18 432 6.96
7357 5.52 9.66 526 8.94
7287 5.86 8.04 6.76 748
7334 6.38 9.74 734 11.80
7285 3.08 3.94 6.50 10.70

Mean yalues:

Preoperative  5.90mm
Postoperative 8.32mm
Difference  2.4lmm

% Increase  41%
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Point 4

10mm lateral to point 1

Specimen Left ears Right ears
Preop Postop Preop Paostop

7313 8.86 14.70 5.68 12.04
T242 542 11.98 6.94 8.14
7354 11,18 14.54 13.44 14.44
7276 13.90 16.98 * *
7375 ¥ * 15.36 19.16
7255 14.32 17.06 10.12 11.46
7271 11.28 12.00 * *
7292 11.90 1933 13.66 13.40
7279 8.30 8.38 8.70 9.66
7356 * * 9.44 10.24
7260 11.76 12.90 ¥ ¥
7357 10.62 12.68 *

7287 12.28 12.60 11.36 14.30
7334 17.38 15.14 18.04 20,74
7285 5.86 9.22 18.66 18.96

* Some of the measurements at 10mm lateral to the most medial impression of the

conchal fold fell outside the physical limits of the mould - hence no value.

Mean values:

Preoperative  11.46mm
Postoperative 14.13mm
Difference  2.67mm

% Increase 23%
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3.3 Statistical analysis

A four-factor analysis of variance was used to determine statistical significance of all

the data at a confidence limit of 95%. The four factors being:

¢ Points : 1-4

¢ Sides : Left and Right
¢ Specimens: Fifteen

¢ Operation : Pre and Post

Overall analysis is significant when considering all four factors with p<0.05.

Not surprisingly, the only factor that does not demonstrate statistically significant

differences in comparison is Sides with an F value of 1.12 and p = 0.2916.

The most important variable for statistical analysis is the difference between pre and
postoperative measurements. Student's i)aired t-test was applied to the data to

determine statistical validity.
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Results:

Poini n Mean Standard devistion T value Prob>T
1 30 1.01 0.6597094 8.4021115 0.0001
2 30 2.02 0.9271377 11.9413743 0.0001
3 30 241 1.2448923 10.6092847 0.0001
4 24 2.67 2.1589515 6.0642967 0.0001

For a confidence limit of 95% the differences between pre and postoperative
measurements at all four points have been found to be statistically significant with

p<0.05.



Chapter 4

Discussion



4.1 Anatomy and Physiology

The external auditory canal (EAC) is the only skin-lined cul-de-sac in the human
body.? Although the skin is contiguous with the rest of the body surface, it
demonstrates certain unique localised adaptations.?® The primary function of the EAC
is to permit the effective transmission of sound from the environment to the tympanic
membrane. In order to achieve this it is essential to have a self-cleaning mechanism to

maintain a clear passage.

The epidermis of the lateral cartilaginous portion of the EAC contains glands and hair
follicles and is identical to skin in other parts of the body. The epithelium covering the
tympanic membrane and deep bony meatus, however, differs from body skin in
several respects. It is devoid of adnexae, is extremely thin and shows a peculiar
pattern of kerati.ocyte migration.”’ On the tympanic membrane the keratinocytes
migrate in a centrifugal direction from the centre. This migration continues
peripherally and then laterally along the bony canal wall. It ceases at the junction with
the cartilaginous canal where the rows of hair act as ramps to separate the migrating
keratin squames from the underlying skin. The purpose of epithelial migration in the

EAC is to keep the canal free of debris.®®

The maintenance of homeostasis in the EAC is dependent on several factors such as

epithelial migration, cerumen production, pH and humidity control. These are all
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aimed at maintaining an intact epithelium and normal flora. Otitis externa does not

occur in the presence of normal intact epithelium.”

One of the mechanisms of introducing trauma to the canal skin is by impaired
ventilation. This occurs in two ways. Firstly inadequate ventilation of the EAC
prevents control of humidity and may lead to stagnation of water. Stagnant water
produces epithelial maceration and damage. The increased incidence of otitis externa
in humid climates is a well-decumented phenomenon.26 Secondly, Portmann believes
that squamous epithelium needs 10 be adequately aerated at its surface in order to
function normally.'"* Inadequate ventilation tha: prevents nurmal functioning of the
deep canal skin may cause interference with normal keratin migration and lead to an
accumulation of debris in the canal. The combination of high humidity and retained
keratin debris promotes maceration of the canal skin and creates an ideal environment

for bacterial and fungal growth.?

Adequate ventilation of the external ear canal is therefore important to ensure normal

function of the epithelium and hence to maintain normal homeostasis.



4.2 Coenchomeatoplasty effects

4.2.1 Preservation of canal skin

By raising a conchomeatal flap and leaving it pedicled on its inferior and medial
aspects, the maximum amount of canal skin is preserved in its natural position. The
implication is that normal epithelial migration is not compromised and therefore the

canal retains its self-cleaning function.

This is in contrast to other mearoplasty techniques that rely on skin grafting of the
external canal 38%1116182024 1 thece cases the canal is lined with a split-thickness
skin graft, usually from the upper arm. Although good cover is obtained, the
transplanted skin does not behave like native epithelium of the external auditory
canal, Apocrine and sebaceous glands, which aid in cleansing and the prevention of
infection, are absent.?* Also, the squamous epithelial migratory pattern is altered,
predisposing to debris accumulation and localised infection.” These patients need to
be counselled that periodic inspection and cleaning of the external canal may be

required.
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4.2.2 Increase in AP diameter

By excising the conchal cartilage ar.'. subcutaneous tissue a funnel-shaped meatus is
created. In addition, by placing a fuli-thickness skin graft in the superior aspect of the
canal the meatal skin is augmented, which increases the circumference of the 1eatus.’
As expected the maximum effect is found at the point where the conchal fold is most

prominent (Point 2). At this point the increase amounted to 52%.

The measurements made on the postoperative specimens demonstrate quite clearly
that the surgical procedure of conchomeatoplasty leads to a consistent increase in the

AP diameter of the lateral external auditory canal.
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4.2.3 Improvement in ventilation

Chronic moisture 3 a major cause of chronic otitis externa, A narrow external canal
leading to poor ventilation is often associated with chronic ofitis externa.%’ As
menoned before, surface aeration of squamous epithelium appears to be vital for
normal function and Portmann proposes a relationship between V (Volume of air
c.;omlating) and S (Surface area of skin in contact with the circulating air).!* The
“higher the value of V/S the better the chance of having normally functioning

squamous epithelium.

Conchomeatoplasty achieves an improvement at both levels:

+ By increasing the AP diameter, the volume of the EAC is increased and therefore
the volume of circulating air, (V) is increased.

¢ The surface area of the canal skin (S) is decreased because redundant skin at the
posterior aspect of the conchal flap is excised (Only a portion of this skin is

utilised for the full-thickness skin graft in the superior aspect of the canal).

The improvement in ventilation resulting from conchomeatoplasty is directly related
to the increase in volume of the external auditory meatus. This increase in volume

may be calculated from the increase in the AP diameter as demonstrated.
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4.2.4 Poiseuille's Equation

The second limb of the aim of this study was to determine whether the improvement

in ventilation could be quantified.

Poiseuille's equation is used to determine the flow raie (volume per unit time) for
laminar, non-pulsatile fluid flow. It can be applied to any fluid flowing through any

"vipe", including air, provided that variations in flow rate over time are ignored.?®

Obviously, the use of Poiseuille's Equation on airflow through the external auditory
canal is suspect. While flow definitely occurs due to the presence of a pressure
differential (See page 30), it is debatable whether this is true laminar flow or whether
it is a circulatory pattern. However, for purposes of comparing the pre and
postoperative situations, the potential for flow is assumed to have a direct relationship
to ventilatory capacity and Poiseuille's equation does allow the determination of both
qualitative and quantitative order of magnitude information about the effect of EAC

size on flow.
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AP 1t 1*
8yl
Q = Flow through external auditory canal
AP = Pressure difference between two ends of canal
T = Constant
T = Radius of external auditory canal
n = Viscosity

It

Length of external auditory canal

o S
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The argument for the validity of Poiseuille's equation as applied to the external

auditory canal is as follows:

¢ It is accepted that the Poiseuille equation may be applied to air flow.”
¢ AP refers to the pressure differential between the medial and lateral ends of the

EAC. The air temperature in the external canal next to the drum head is in the
same range as body temperature.? If it is accepted that ambient temperature is
usually less than normal body temperature then it stands to reason that there is a

temperature gradient between the medial and lateral ends of the canal. Because
this occurs in a cavity it implies that a similar pressure gradient should exist. AP,
however, remains a constant when comparing pre and postoperative flows.

¢ 7,7 and | all remain constant in comparing pre and postoperative situations.

Accepting that the Poiseuille equation has a valid application, it becomes apparent
that the change in radius of the external canal brought about by conchomeatoplasty
has a significant effect on the ventilatory capacity of the EAC. For example, the flow
capacity is doubled by an increase of only 19% in the radius of the canal.*® At the
point of maximum benefit, i.e. the conchal fold impression, the increase in diameter
from 3.91mm to 5.93mm translates to more than a 5 fold increase in ventilatory

capacity of the lateral external auditory canal.
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4.3 Further applications

Examining the alteration both in shape and size of the canal after conchomeatoplasty,
it becomes clear that the benefit of this procedure is not only limited to improving

ventilation. It can also be applied for a number of other indications.

¢ Problems with hearing aid fitment due to a narrow external canal can be
significantly alleviated.

¢ Wax buildup due to a prominent conchal ledge can be avoided to a large degree.
This is especially so since the normal configuration of the canal skin is maintained
and therefore epithelial migration is not disturbed.2**’

¢ Conductive hearing loss due to a collapsing external canal can be eliminated.®

¢ Aural toilet is greatly facilitated.’




4.4 Evidence-based Medicine

‘Hence it comes through defect of Observation, that so many Prescriptions we meet
with in the works of the most learned Practitioners fall ofien short in performing the

cures that they promise.’

Dr Johannes Bird, 1657°!

The question may well be justifiably asked: why go to all the trouble of trying to
document something that seerns so obvious and logical? The answer is quite simple.
In all the referenced literature concerning the topic of surgical treatment for chronic or
recurrent otitis externa, not a single article scientifically documents the reason for the

clinical improvement seer.

The Medical profession prides itself on not being gnllible, and rightly believes in its
ability to avoid the e.rror of accepting a resuit not supported by adequate evidence.>?
As recently as 1982, however, Mitchell was still writing, ‘Be prepared for the advice
of today to be the discarded or derided dogma of tomorrow.”>? The introduction of
evidence based medicine on a large scale is resulting in a systematic search for, and
incorporation of, the valid and useful subsets of such evidence that keeps clinicians up

to date and effective.*



The demonstration and documentation of improved ventilation of the lateral external
auditory canal as achieved by conchomeatoplasty contributes to the database of
evidence based medicine. Clinical improvements seen after procedures such as
conchomeatoplasty are prone to be scorned as anecdotal and unscientific by many
medical scientists. The qualitative methods used in this study helps to bridge the gap
between scientific evidence and clinical practice.®> The value of this was noted long
ago when Abelard urged, "The first key to wisdom is assiduous and frequent
questioning.... For by doubting we come to enquiry, and by enquiry we arrive at the

truth,"!
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Chapter 5

Conclusions
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The surgical procedure of conchomeatoplasty was investigated in terms of its ability
to bring about a demanstrable and significant improvement in the ventilatory capacity
of the lateral external auditory canal. Laboratory experiments on cadaver material
have demonstrated a consistent and statistically significant increase in the AP

diameter and therefore the volume of the EAC.

By applying Poiseuille's equation to the results of the experiments, a qualitative as
.well as quantitative improvement in ventilatory capacity of the lateral external
auditory canal was documented. This improvement amounted to a 5 fold increase in
ventilatory capacity at the point where the conchal cartilage projected most
prominently into the rosterior canal wall, which is also one of the narrowest points of
the cartilaginous canal. The documentation of this improvement in ventilation
supports the clinical contention of improved ventilation leading to an improvement in

chronic or recalcitrant otitis externa.

This method of measurement has never been described before. Neither has the
ventilatory improvement of any meatoplasty or canalplasty procedure been

documented before.

The measurement technique developed for this study will enable future comparisons

of different surgical techniques to be undertaken in an objective and unbiased fashion.
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