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Quantitative analysis of tympanic membrane perforation: a
simple and reliable method

T S IBEKWE, A A ADEOSUN*†, O G NWAORGU*†

Abstract
Background: Accurate assessment of the features of tympanic membrane perforation, especially size, site,
duration and aetiology, is important, as it enables optimum management.

Aim and objectives: To describe a simple, cheap and effective method of quantitatively analysing
tympanic membrane perforations.

Materials and methods: The system described comprises a video-otoscope (capable of generating still and
video images of the tympanic membrane), adapted via a universal serial bus box to a computer screen, with
images analysed using the Image J geometrical analysis software package. The reproducibility of results and
their correlation with conventional otoscopic methods of estimation were tested statistically with the paired
t-test and correlational tests, using the Statistical Package for the Social Sciences version 11 software.

Results: The following equation was generated: P/T � 100 per cent ¼ percentage perforation, where P is
the area (in pixels2) of the tympanic membrane perforation and T is the total area (in pixels2) for the entire
tympanic membrane (including the perforation). Illustrations are shown. Comparison of blinded data on
tympanic membrane perforation area obtained independently from assessments by two trained
otologists, of comparative years of experience, using the video-otoscopy system described, showed
similar findings, with strong correlations devoid of inter-observer error ( p ¼ 0.000, r ¼ 1). Comparison
with conventional otoscopic assessment also indicated significant correlation, comparing results for two
trained otologists, but some inter-observer variation was present ( p ¼ 0.000, r ¼ 0.896). Correlation
between the two methods for each of the otologists was also highly significant ( p ¼ 0.000).

Conclusion: A computer-adapted video-otoscope, with images analysed by Image J software, represents a
cheap, reliable, technology-driven, clinical method of quantitative analysis of tympanic membrane
perforations and injuries.
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Introduction

Tympanic membrane perforation is a common pheno-
menon encountered by both general practitioners and
ENT surgeons. Accurate evaluation of the tympanic
membrane perforation is an important guide for
informed management of this problem. The causes of
tympanic membrane perforations vary from trauma,
infection and tumours to iatrogenic injuries.1,2 By far
the commonest cause in the developing world is infec-
tion; this aetiology contributes to approximately 90 per
cent of tympanic membrane perforations in Nigeria.1

The assessment of tympanic membrane perforation
size, site, duration, state and aetiology is important
when considering management.3 Most acute perfor-
ations heal spontaneously. However, a tympanic
membrane perforation larger than 25 per cent of the
size of the entire tympanic membrane is thought to
be unlikely to heal with conservative management,
and probably to require surgical intervention such
as myringoplasty or tympanoplasty.4 – 6

Therefore, it is imperative that accurate measure-
ment of tympanic membrane perforation size, and
detailed examination of other features, be performed
in order to enable objective management. Com-
monly employed methods of quantitative analysis
of tympanic membrane perforation include crude
estimation of the percentage perforation via clinical
otoscopy and micro-otoscopy with an operating
microscope. However, these methods have their
flaws. Some computer-based methods have been
developed, such as the Cal Area system,7 but appear
expensive and cumbersome.

Therefore, we aimed to develop a simple, inexpen-
sive and accurate method of quantitative analysis of
tympanic membrane perforations.

Materials and methods

The tympanic membrane was viewed with a
Welch-Allyn Compac video-otoscope system (model

From the Division of ENT, Irrua Specialist Teaching Hospital, the Department of Surgery, College of Medicine, Ambrose Alli
University, Ekpoma, the *Department of ORL, University College Hospital Ibadan, and the †Department of ORL, College of
Medicine, University of Ibadan, Nigeria.

The Journal of Laryngology & Otology, E2, 1 of 4.
# 2008 JLO (1984) Limited
doi:10.1017/S0022215108003800

1

https://doi.org/10.1017/S0022215108003800 Published online by Cambridge University Press

https://doi.org/10.1017/S0022215108003800


23120 (NTSC) and 23120P (PAL); Welch-Allyn,
Skaneateles Falls, NY 13153-0220 USA).8,9 Images
were adapted through a universal serial bus (USB)
box (Cute TV model 03020701; Cool drivers, Clear
water Florida 33762, USA) and displayed and
recorded on a computer (laptop or desk top). The
video-otoscope was easily manoeuvrable, similar to a
conventional otoscope. Both still and video images
could be obtained and stored by this system.

Using the Image J (version 1.35j) geometrical
analysis software package (Wayne Rasband, National
Institutes of Health, Rockville, Maryland, USA),10

the area of the perforation (P) and that of the entire
tympanic membrane (T) were traced and calculated,
irrespective of the size and shape of the perforation.
The percentage area of perforation (P/T � 100 per
cent) was then obtained.

This computerised video-otoscope system enabled
the operator to view dynamic (active) images of the
tympanic membrane perforation, revealing the state
of the tympanic membrane (dry or wet), the edges
of the tympanic membrane perforation (ragged or
smooth), and the state of the middle ear (including
any active points of discharge). The operator was
also able to view still images, allowing accurate deter-
mination of perforation number, percentage and site
(i.e. anterosuperior, posterosuperior, anteroposter-
ior, posteroinferior, central or marginal).

We have used this method of quantitative analysis for
the past three years (2005 to 2008), with great success.
Figure 1 shows a typical arrangement of the computer,
with Image J software, and adapted video-otoscope.

The reproducibility and reliability of data generated
by this apparatus were tested by statistically analysing
results independently obtained from the same patients
by two ENT surgeons (of comparative experience,
trained and currently practicing in the same centre),
using conventional, visual, otoscopic estimation of
tympanic membrane perforation, for 100 tympanic
membrane perforation cases. The two ENT Surgeons
were blinded to further eliminate bias. These results
were analysed, and correlation with video-otoscopy
Image J results assessed, using the paired t-test and

the Pearson correlational tests (level of significance
for p was set at 0.05), using the Statistical Package for
the Social Sciences version 11 software (SPSS Inc,
Chicago, Illinois, USA).

Results

The tympanic membrane perforation areas obtained
via video-otoscopy by the two independent otologists
(referred to as experts one and two) were similar,
with strong correlations devoid of inter-observer
error ( p ¼ 0.000, r ¼ 1); Figure 2. By comparison,
the two otologists’ results obtained via conventional,
direct vision otoscopy were also significantly corre-
lated, but showed some inter-observer variation
( p ¼ 0.000, r ¼ 0.896); Figure 3. The correlation
between the results obtained by each otologist,
for each of the two methods, was also highly signi-
ficant ( p ¼ 0.000). These findings are illustrated in
Table I.

In addition, the system generates images with good
dynamic colour image resolution (600–800 megapix-
els). It was easy to determine the edges of the tympa-
nic membrane perforation and of the entire tympanic
membrane, and thus to obtain an automatic calcu-
lation of the area of the perforation and of the
entire tympanic membrane in pixels2, irrespective
of the perforation’s size and shape. The following
equation was derived: P/T � 100 per cent ¼ percen-
tage perforation. Figure 4 illustrates use of the
video-otoscope with Image J software analysis.

Discussion

The equipment used in the above system is affordable;
in our institution, only the video-otoscope head and
handle required purchase. A laptop or personal com-
puter can be used in place of the video-otoscope
screen. The USB box or TV tuner box11 is readily
and cheaply available, while the Image J geometric
analysis software package is freely available on the
internet. This system can be assembled by individual

FIG. 1

Instruments for recording and analysis of tympanic membrane
perforation.

FIG. 2

Comparison of assessment of tympanic membrane perforation
area via video-otoscopy, by the two otologists.
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clinicians and researchers at a moderate cost of
approximately US$1500. The system is easy to
operate, and the television USB connection also
enables the use of free educational tools (via televi-
sion and frequency modulated radio channels).

The results generated by the video-otoscopy system
were reproducible and devoid of inter-observer error,
as tested by two experienced otologists; see Table I
and Figures 2 and 3. The video-otoscopy system was
thus shown to have an advantage over conventional
methods of tympanic membrane perforation area
assessment. The video-otoscopy data also correlated
significantly ( p ¼ 0.000) with blinded results obtained
with conventional otoscopy by the same otologists;
this correlation indicates a high probability of accurate
measurement.

Other methods of assessment of tympanic mem-
brane perforations can characterise the location and
shape of the perforation but cannot accurately estimate
its size.12 Otologists commonly estimate these features
by visual inspection via a clinical otoscope or micro-
otoscope (operating microscope). The former method
is limited by inter-observer error, while the latter
(which measures the diameter of the perforation)
might not give a true representation of perforation

size, considering the many perforation shapes poss-
ible.13 The Cal Area software package, a tympanic
membrane perforation assessment system developed
in Japan,7 also appears reliable, but is expensive and
mostly used in industry.

The only potential limitation of the video-otoscopy
Image J system (considering the complex anatomy of
the tympanic membrane)14 is the inability to focus on
the entire rim of the tympanic membrane within a
single view. A small segment of the tympanic mem-
brane rim (either the epitympanic or hypotympanic

FIG. 3

Comparison of assessment of tympanic membrane perforation
area via conventional otoscopy, by the two otologists.

TABLE I

CALCULATION OF TYMPANIC MEMBRANE PERFORATION AREA:
COMPARISON OF TWO METHODS AND TWO OPERATORS

�

Comparative analysis Tests (n) r p

Expert 1 vs 2, conventional
otoscopy

100 0.896 0.000

Expert 1 vs 2, video-otoscopy 100 1.000 0.000
Conventional vs video-otoscopy,

expert 1
100 0.927 0.000

Conventional vs video-otoscopy,
expert 2

100 0.930 0.000

�Results for percentage areas of TM perforations for video-
otoscopy and conventional otoscopy were compared by
paired samples correlation.

FIG. 4

Analysis of tympanic membrane perforation area by Image J
software. (a) Assessment of the entire tympanic membrane
area, and (b) assessment of the ragged perforation, with
automatically generated perforation area shown below the

image.
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segment) may be out of focus in a single image.
However, the effect of this shortcoming is eliminated
by the ability of the Image J software to reconstruct
the ‘missing’ segment.

In our current and earlier work,1,15 we have been
able to establish the computer adapted video-otoscope
Image J system as an accurate and superior tool for the
measurement of tympanic membrane perforation area,
compared with conventional methods of measurement.

Conclusion

The computer adapted video-otoscope Image J
system is a cheap, reliable, technology-driven, clini-
cal method of quantitative analysis of tympanic
membrane perforations and injuries. We hereby rec-
ommend its use, especially in the developing world.

Acknowledgement

Dr P U Ibekwe and Engr Clement Chukwu are hereby
acknowledged for their useful suggestions. The con-
sultants and resident doctors of the ORL Department
of the University College Hospital Ibadan, Nigeria are
also hereby acknowledged for their constructive
criticism.

References

1 Ibekwe TS, Ijaduola GT, Nwaorgu OG. Tympanic mem-
brane perforation among adults in West Africa. Otol Neu-
rotol 2007;28:348–52

2 Lilly-Tariah OB, Somefun AO. Traumatic perforation of
the tympanic membrane in University of Port Harcourt
Teaching Hospital, Port Harcourt, Nigeria. Niger Postgrad
Med J 2007;14:121–4

3 Mehta RP, Rosowski JJ, Voss SE, O’Neil E, Merchant SN.
Determinants of hearing loss in perforations of tympanic
membrane. Otol Neurotol 2006;27:136–43

4 Angeli SI, Kulak JL, Guzman J. Lateral tympanoplasty for
total or near total perforation: prognostic factors. Laryngo-
scope 2006;116:1594–9

5 Fadl FA. Outcome of type 1 tympanoplasty. Saudi Med J
2003;24:58–61

6 Schraff S, Dash N, Strasnick B. ‘Window shade’ tympano-
plasty for anterior marginal perforations. Laryngoscope
2005;115:1655–9

7 Hsu CY, Chen YS, Hwang JH, Liu TC. A com-
puter program to calculate the size of tympanic membrane
perforations. Clin Otolaryngol Allied Sci 2004;29:340–2

8 Voss SE, Rosowski JJ, Merchant SN, Peake WT. How
do tympanic-membrane perforations affect human
middle-ear sound transmission? Acta Otolaryngol 2001;
121:169–73

9 Sullivan RF. Video otoscopy in audiological practice. J Am
Acad Audiol 1997;8:447–67

10 Image J (Image Processing and analysis in Java). http://
www.rsb.info.nih.gov/ij/ 18 May 2005

11 Cool drives Sata USB and fire wire drives. http://www.
cooldrives.com/cute-tv-usb-tv-tuner-adapter-for-windows.html
18 May 2005

12 Patricoski C, Kokesh J, Ferguson AS, Koller K, Zwack G,
Provost E et al. Comparison of in-person examination and
video otoscope imaging for tympanostomy tube follow-up.
Telemed J E Health 2003;9:331–44

13 Hampal S, Padgham N, Bunt S, Wright A. Errors in the
assessment of tympanic membrane perforations. Clin Oto-
laryngol Allied Sci 1993;18:58–62

14 Wright A. Anatomy and ultra structure of the human ear.
In: Mackay IS, Bull TR, eds. Scott-Brown’s Otolaryngol-
ogy, 6th edn. London: Butterworth-Heinemann, 1997;
1/1/11–15

15 Fasunla JA, Ibekwe TS, Onakoya PA. Otomycosis in
Western Nigeria. Mycoses 2008;51:67–70

Address for correspondence:
Dr Titus S Ibekwe,
Division of ENT,
Irrua Specialist Teaching Hospital,
PMB 08, Irrua, Nigeria.

E-mail: ibekwets@yahoo.com

Dr T S Ibekwe takes responsibility for the integrity of the
content of the paper.
Competing interests: None declared

T S IBEKWE, A A ADEOSUN, O G NWAORGU4

https://doi.org/10.1017/S0022215108003800 Published online by Cambridge University Press

https://doi.org/10.1017/S0022215108003800

