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Background and Objectives: This study aims to develop a normative data for wideband acoustic 
immittance (WBT) in the Iranian young adults. WBT is a new method for assessing middle ear 
status using a wide spectrum stimulus instead of the traditional 226 Hz probe tone.  

Methods: In this study, 20 healthy Iranian young adults with normal auditory and neurologic 
function underwent WBT measurement in a quiet place by presenting a wideband click stimulus  at 
an intensity 100 dB peSPL. Different WBT parameters including power absorbance and resonance 
frequency (RF) of the middle ear in two conditions with and without pressure were calculated.

Results: There were differences in quantitative WBT parameters including power absorbance 
and RF of the middle ear, compliance, external ear canal volume, Tympanogram gradient, and 
tympanogram peak pressure at 226, 678, 800, and 1000 Hz, emphasizing the importance of using 
ethnicity-specific norms in clinical evaluations.  

Conclusion: The findings can help in diagnosing various middle ear disorders and monitoring 
treatment progress.
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Introduction

ideband acoustic immittance or wide-
band tympanometry (WBT) is an 
emerging tool used to examine the 
middle ear condition, ossicular chain, 
and tympanic membrane mobility [1]. A 

single wide spectrum stimulus “click” instead of the tra-
ditional 226 Hz probe tone is presented to the ear canal 
and hundreds of tympanograms from 226 to 8000 Hz 
could be visualized in a 3D format. This method per-
mits complete analysis of middle ear conditions over a 
wide range of frequencies that encompass the full range 
of speech signals. Moreover, the acoustic energy absor-
bance of the middle ear and resonance frequency (RF) 
will be calculated [2]. Therefore, the clinical advantage 
of WBT is to increase the diagnostic precision of middle 
ear disorders and conditions and to increase the sensi-
tivity and specificity of the test compared to traditional 
immittance measurements. Recent results show that dif-
ferent middle ear pathologies can affect the normal en-
ergy absorbance and RF in different ways [3]. Although 
several studies reported their normative values of WBT 
[4, 5], some other reports show that ethnic, gender, and 
age differences are a source of variability to the norms, 
and utilizing the same norm can cause erroneous results 
[6, 7]. For instance, according to Shahnaz et al., Cau-
casians have a higher peak pressure, larger ear canal, 
and narrower tympanic cavity than Asians [7]. Hunter 
and Shahnaz also reported that the Chinese population 
mainly had smaller admittance and ear canal volume, a 
more positive tympanogram peak pressure (TPP), and 
larger track width (TW) values [8]. Hence, the current 
study was conducted to investigate and collect the nor-
mal characteristics of clinical WBT measurement in the 
Iranian young adult population. Having our ethnic-spe-
cific norms can help clinicians to determine the middle 
ear conditions and disease more accurately. This report 
will provide preliminary data from a larger study con-

ducted at Iran University of Medical Sciences to explore 
the sequel of various middle ear pathologies on WBT 
normative data. 

Materials and Methods

Twenty healthy students from the School of Rehabilita-
tion Sciences, Iran University of Medical Sciences (8 fe-
males, and 12 males) with a Mean±SD age of 26.9±6.21 
years were registered to participate in this descriptive 
cross-sectional study. All subjects had a clear history 
of auditory, learning, and neurologic function. All had 
normal otoscopic examinations, and well-functioning 
middle ear status (confirmed with traditional immittance 
results) and had normal pure tone thresholds (air con-
duction thresholds of better than 20 dB HL in the range 
of 250–8000 Hz). Subjects gave written consent to take 
part in the study. All the participants enrolled in the study 
had Iranian ethnic origin. 

The Interacoustics Titan version 3.1 (IMP440, Den-
mark) was first calibrated as specified by IEC 60645-5/
ANSI S3.39, type 1 standards. Afterward, an appropriate 
probe tip (CIR 55-INSERT) was inserted in the exter-
nal auditory meatus and 100 dB peSPL (almost equal 
to 65 dB nHL) click stimulus was presented to the ear 
in a quiet audiometry cabin to calculate the wideband 
acoustic immittance parameters in the frequency range 
of 226 to 8000 Hz. Participants were asked to stay still 
and pressure inside the ear canal was changed from +200 
to -400 dapa, with 200 dapa/s pump speed. WBT estima-
tions included RF of the middle ear, power absorbance, 
and other tympanometric data. Power absorbance is the 
total energy entered into the middle ear. The measured 
RF is the resonance frequency of the middle ear and is 
recorded at middle ear pressure. The average tympano-
grams, which are a flat trace showing the amount of en-
ergy absorbance in the range of 375–2000 Hz were also 
calculated. The benefit of taking wideband-averaged 
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 What is “already known” in this topic:

Several normative data sets are available in different parts of the world about wideband tympanometry, but these 
norms are gender and ethnicity specific.

 What this article adds:

This article provides normative data for wideband acoustic immittance (WBT) in Iranian young adults which can 
assist clinicians in diagnosing various middle ear disorders and monitoring treatment progress.
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tympanograms is to include information for numerous 
frequencies, and also less sensitivity to noise or patient 
movement. Therefore, the wideband-averaged tympano-
grams build a more consistent and clearer view of the 
middle ear status.

Results

Quantitative parameters of wideband acoustic immit-
tance, including compliance (mL), external ear canal 
volume (cc), tympanogram gradient (dapa), and tym-
panogram peak pressure (TPP) at 226, 678, 800, and 
1000 Hz were extracted and descriptive statistics were 
summarized in Table 1. Besides, Table 2 presents the 
measurement of resonance frequency and dedicated 
immittance parameters. Figure 1 shows the spread of 

power absorbance values over a range of frequencies. 
This Figure shows both pressurized and non-pressurized 
amounts of energy absorbance and percent ratios of all 
subjects in the frequency range of 226–8000 Hz. Figure 
2 shows wideband-averaged tympanograms in the fre-
quency range of 375–2000 Hz. 

Discussion

The results of previous studies show significant dif-
ferences in WBT parameters, including resonance fre-
quency, middle ear energy absorbance curve, and other 
quantitative tympanometric parameters in different 
populations. Also, WBT (absorbance over a range of 
pressure) carries crucial data that is not present in single-
frequency tympanometry. Therefore, it is necessary to 

Table 1. Descriptive statistics of tympanometric parameters at routine frequencies for test participants 

Tympanometric Parameters No. Mean±SD Minimum Maximum

External ear canal volume 226 1.53±0.22 1.1 1.93

Compliance (mL)

226 0.71±0.24 0.2 1.3

678 1.22±0.45 0.4 2

800 1.19±0.41 0.4 1.8

1000 1±0.41 0.2 1.6

Tympanogram gradient (dapa)

226 78.25±16.4 54 115

678 73.4±10.57 51 97

800 73.4±10.57 51 97

1000 94.7±20.87 62 14

Tympanogram peak pressure (dapa)

226 -6.5±4.08 -37 20

678 -3.05±5.13 -40 38

800 -2.25±2.71 -30 16

1000 14.05±6.18 -30 102

Table 2. Descriptive statistics of tympanometric parameters at RF for test participants 

RF and Tympanometric Parameters Mean±SD Minimum Maximum

RF 748.35±9.06 632 932

External ear canal volume at RF 1.51±0.24 1 1.93

Compliance (mL) at RF 1.38±0.27 0.9 2.1

Tympanogram gradient (dapa) at RF 84.65±15.32 61 117

Tympanogram peak pressure (dapa) at RF 6.9±8.1 -23 114
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measure clinical normative values ​in different ethnici-
ties to make a more appropriate clinical judgment about 
the status of the middle ear and also to increase diag-
nostic accuracy in middle ear pathologies. Therefore, in 
the present study, wideband acoustic immittance values ​​
were measured and reported in the young Iranian popu-
lation. The observed differences in various parameters 
of WBT between the current research and other papers 
can be attributed to the different ethnicities of the tested 
population. For example, the mean RF of the human 
middle ear system with air conduction excitation is be-
tween 0.8–1.2 kHz [8, 9], while the average resonance 
frequency of the middle ear in the Iranian ethnicity is 
lower and was measured in the range of 632 to 932 Hz. 
In another comparison, the range of the normative acous-

tic admittance in the adult population is traditionally 
considered between 0.3 and 1.6 mmho [8, 10], but the 
present study showed that this range is in the range of 
0.2 to 1.3 mmho in the Iranian population. Therefore, 
the results of this study highlight the importance of using 
specific clinical normative values ​​of Iranian individuals, 
which can be used as a part of the basic clinical evalua-
tions in audiology. Also, paying attention to the norma-
tive values increases the power of differential diagnosis 
of middle ear disorders, including otitis media, ossicu-
lar chain fixation, ossicular discontinuity, and tympanic 
membrane perforation, and makes it  possible to check 
the progress of the disease or the process of its treatment.

 

Figure 1. Distribution of Pressurized and Non-pressurized Absorbance Values and Percentage 

Ratios Across 226-8000 Hz 
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Figure 1. Distribution of pressurized and non-pressurized absorbance values and percentage ratios across 226-8000 Hz

 

Figure 2. The Percentiles of Averaged Wideband Tympanogram 
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Figure 2. The percentiles of averaged wideband tympanogram
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مقاله پژوهشی

تعیین مقادیر هنجار بالینی تمپانومتری عریض باند در جمعیت بزرگسال ایرانی

مقدمه این مطالعه بر ایجاد داده‌های هنجار برای آزمون تمپانومتری عریض باند در جمعیت جوان ایرانی تمرکز دارد. تمپانومتری عریض 
باند یک روش جدید برای ارزیابی وضعیت گوش میانی با استفاده از یک محرک پهن باند به جای پروب تون مرسوم 226 هرتز است.

مواد و روش‌ها در این پژوهش 20 جوان ایرانی با عملکرد شنوایی و عصبی هنجار تحت اندازه‌گیری WBT قرار گرفتند. آزمایش در سکوت 
و با ارائه یک کلیک باند پهن در شدت 100 دسی‌بل peSPL انجام شد. پارامترهای مختلف ایمیتانس آکوستیک عریض باند از جمله جذب 

انرژی و فرکانس تشدید گوش میانی در هر دو شرایط با تغییر فشار و بدون تغییر فشار محاسبه شد.
یافته‌ها نتایج تفاوت‌هایی را در پارامترهای کمی ایمیتانس آکوستیک عریض باند از جمله جذب انرژی و فرکانس تشدید گوش میانی، 
کامپلاینس، حجم کانال گوش خارجی، گرادیان و فشار قله تمپانوگرام در فرکانس های 226، 678، 800 و 1000 هرتز نشان داد. این 

یافته ها بر اهمیت استفاده از هنجارهای مخصوص به هر نژاد در ارزیابی های بالینی تأکید دارد. 
نتیجه‌گیری مطالعه حاضر مقادیر هنجار اندازه‌گیری WBT را ارائه می‌کند که می‌تواند به سودمندی بالینی این روش کمک کند. همچنین 

این یافته ها می تواند به تشخیص انواع اختلالات گوش میانی و نظارت بر پیشرفت درمان کمک کند.

کلیدواژه‌ها: 
تمپانومتری عریض باند، 
داده‌های هنجار، گوش 

میانی، تمپانومتری، 
جمعیت ایرانی
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