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Objectives: Children with cleft palate may experience hearing problems, including middle 
ear disorders, which require careful monitoring to ensure successful treatment. To diagnose 
these hearing disorders, appropriate tools are necessary. While traditional single-frequency 
tympanometry has been commonly used as a practical tool for diagnosing middle ear 
problems, the effectiveness of this method has been questioned in some cases. Recently, newer 
tests of wideband tympanometry have been developed and may be able to provide a more 
comprehensive assessment of middle ear conditions in children with cleft palate. 

Methods: To evaluate the effectiveness of wideband tympanometry, this study analyzed 14 
young children who were scheduled to undergo cleft palate repair surgery. The children’s ages 
ranged from 4 to 24 months. The study involved two evaluations, one before the surgery and 
another one month after the surgery. Different wideband absorption parameters were analyzed 
using the paired t test and the Wilcoxon test.

Results: The analysis of statistical data regarding tympanometric parameters before and 
after cleft palate surgery indicated a general enhancement in the condition of the middle ear. 
The study found that the middle ear pressure decreased, the absorption percentage increased, 
and admittance increased across all five frequencies, which is consistent with our initial 
assumptions.

Discussion: The results confirm that wideband tympanometry can be an effective approach 
to detecting changes in the middle ear after cleft palate repair surgery in children. The use 
of more sophisticated parameters and evaluations at various frequencies provides a more 
complete picture of the child’s middle ear condition, potentially replacing single-frequency 
tympanometry assessments in the future.
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Highlights 

• Middle ear disorders are so common in children with cleft palate.

• Wideband tympanometry shows promise as a valuable tool for monitoring middle ear function in children undergoing 
cleft palate surgery.

• Wideband tympanometry provides enhanced diagnostic capabilities compared to conventional methods.

Plain Language Summary 

Middle ear wideband energy absorption changes were analyzed before and after cleft palate corrective surgery in 
children. Wideband tympanometry was used to assess 14 children aged 4 to 24 months pre and one-month post-surgery. 
Results showed improvements in middle ear pressure, absorption percentage, and admittance across all frequencies 
post-operation. This study indicates that wideband tympanometry is more effective than traditional single-frequency 
tympanometry in evaluating middle ear conditions after cleft palate surgery. The findings emphasize the significance 
of timely surgical intervention to enhance middle ear function in children with cleft and lip palate. 

Introduction

left lip and palate are a common facial 
deformity that may involve cleft lip, lip 
and palate, or palate only [1]. A cleft pal-
ate specifically is a congenital abnormality 
affecting the secondary palate, which may 

be unilateral, bilateral, complete, or incomplete [2, 3]. 
Children with cleft palate frequently experience hearing 
problems, including otitis media, which is characterized 
by fluid accumulation in the middle ear leading to an ear 
infection. This occurs due to abnormal functioning of 
the tensor veli palatini and levator veli muscles, which 
causes a lack of ventilation in the middle ear cavity and 
subsequent fluid buildup. These conditions usually man-
ifest within the first six months of life in children with 
cleft palate [4, 5]. The objective of treating children with 
cleft lip and palate is to achieve normal speech, eating, 
teeth, aesthetic appearance, psychological function, and 
hearing [5, 6]. Cleft lip surgery is typically conducted 
at approximately three months of age, while cleft palate 
surgery is performed around six months of age [5, 6]. 

Tympanometry is the most reliable method for assess-
ing middle ear conditions in children with cleft palate, 
as confirmed by exploratory surgery. Tympanometry has 
a sensitivity of 95.6% and specificity of 59.6% in diag-
nosing middle ear diseases in these children [7]. Single-
frequency tympanometry using a 226 Hz tone probe is 
more effective at identifying injuries related to middle 
ear stiffness, whereas a high-frequency tone probe, such 
as 1000 Hz or 678 Hz is more effective at identifying 

injuries related to mass [8]. Broadband reflectance can 
be used for infants with small ears and narrow canals be-
cause it has fewer probe-sealing problems. Compared to 
high-frequency tympanometry, it is also more sensitive 
to middle ear disorders [9]. Wideband tympanometry is 
a novel method for assessing impedance, admittance, ab-
sorption, and reflectance of the middle ear. It provides 
more diagnostic information than conventional methods 
without requiring additional measures and takes the same 
amount of time as conventional tympanometry. This 
technique involves recording several tympanograms over 
a wide frequency range from 250 Hz to 8000 Hz using a 
wideband click stimulus. In addition to the information 
available in conventional methods, this technique also 
provides additional information, such as a graph of sound 
energy absorption, resonance frequency (RF), and aver-
age tympanogram. Studies have revealed that the amount 
of middle ear energy absorbance is lower at frequencies 
below 1000 Hz and above 4000 Hz [9]. Since conven-
tional tympanometry findings have low sensitivity and 
do not exhibit significant changes after surgery [10, 11]; 
accordingly, this study investigates the middle ear condi-
tion of individuals with cleft palate before and after sur-
gery using the wideband tympanometry.

Materials and Methods

The research utilized a longitudinal approach with re-
peated assessments, employing a descriptive-analytical 
design. The study participants included individuals with 
cleft lips who sought medical care at Ali-Asghar Hospi-
tal and Hazrat-e-Fatemeh Hospital in Tehran City, Iran. 
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The study employed a non-random sampling technique 
to select participants based on the availability and will-
ingness of their parents to participate. The sample size 
was established using G*Power software and data from 
a previous study conducted by Hunter et al. (2008) [12]. 
A total of 14 participants (8 boys and 6 girls) were deter-
mined to be necessary with a power of 0.8 and a signifi-
cance level of 0.05.

The inclusion criteria were confirmation of cleft pal-
ate by an ear, nose, and throat doctor or plastic surgeon 
expert, scheduling of cleft palate repair surgery for the 
child, and an age range of 4 months to 2 years. Mean-
while, the exclusion criteria were parental unwillingness 
to continue cooperation and the presence of acute otitis 
media identified after the initial evaluation.

The Titan Wideband Tympanometry device (Intera-
coustics, Denmark) was used to record wideband tym-
panometric responses. Additionally, a questionnaire was 
administered to gather personal and contextual informa-
tion. The first assessment was conducted before the cleft 
palate surgery, while the second evaluation took place 
approximately one month after the surgery to evaluate 
changes in wideband tympanometry findings. 

The study evaluated various variables, including 
middle ear pressure, middle ear absorption percentage, 
external ear canal volume, admittance at five frequen-
cies (226 Hz, 678 Hz, 800 Hz, 1000 Hz, and resonance 
frequency), tympanogram width at five frequencies, and 
middle ear pressure at five frequencies [13, 14]. Non-
parametric Wilcoxon tests were used to compare the 
variables due to the small sample size and non-normal 
distribution of the data. The SPSS software, version 23 
was used for data analysis.

Results

To investigate the impact of surgery on middle ear 
function, the study utilized the Wilcoxon signed-rank 
test. The results, as presented in Table 1, demonstrated 
significant differences between pre- and post-surgery 
values for middle ear pressure, resonance frequency, 
and absorption percentage. The study found that middle 
ear pressure significantly decreased after surgery, with 
a mean difference of -89.50 (w=231917.50, P<0.001). 
Resonance frequency also showed a significant increase, 
with a mean difference of 887.46 (w=0.00, P<0.001). 
Similarly, the absorption percentage significantly in-
creased after surgery, with a mean difference of 38.14 
(w=1773.00, P<0.001). However, no significant differ-
ence was observed in ear canal volume before and after 

surgery (mean difference=0.00, w=154047.00, P=0.73). 
These findings highlight the substantial impact of sur-
gery on middle ear function, specifically changes in 
middle ear pressure, resonance frequency, and absorp-
tion percentage. 

Table 2 presents a detailed comparison of admittance, 
tympanogram width, and middle ear pressure before and 
after cleft palate repair at five different frequencies. The 
results provide a clear understanding of the impact of 
surgical intervention on middle ear function. The study 
found a significant improvement in admittance at all fre-
quencies after cleft palate repair. The mean admittance 
values notably increased, ranging from 0.32 to 0.36, 
compared to the preoperative values (P<0.001). Simi-
larly, resonance frequency demonstrated a significant 
increase in admittance, indicating improved middle ear 
compliance and resonance characteristics (P<0.001). 
Also, a significant reduction in tympanogram width at 
all evaluated frequencies after cleft palate repair was 
observed. The mean differences ranged from -151.03 to 
-185.60, indicating a narrower range of pressure varia-
tion in the middle ear post-surgery (P<0.001). This re-
duction suggests improved middle ear stability and a 
more precise pressure regulation system. Cleft palate 
repair surgery also resulted in a meaningful increase in 
middle ear pressure across all frequencies, with mean 
differences ranging from 45.74 to 103.10 (P<0.001). 
This suggests that the surgery led to improved middle 
ear function and better regulation of pressure between 
ambient and middle ear pressure. 

Discussion

This study examines middle ear function in pediatric 
patients with cleft palate and lip before and after surgical 
intervention, using wideband tympanometry. The results 
showed significant impairment in middle ear function 
before surgery, as indicated by all measured parameters. 
Wideband tympanometry demonstrated higher sensitivi-
ty for identifying middle ear pathology at lower frequen-
cies (226 Hz) compared to conventional tympanometry. 
This was due to its more comprehensive analysis of the 
middle ear, which covers a wider range of frequencies, 
distinguishing it from the limited low-frequency mea-
surement of traditional tympanometry. Overall, these 
findings underscore the efficacy of wideband tympa-
nometry in evaluating middle ear function in children 
with cleft palate and lip, both before and after surgical 
intervention. Moreover, the study identified a postopera-
tive increase in resonant frequency, denoting improved 
energy transmission, particularly at higher frequencies. 
These observations concur with previous research, such 
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as the work by Wimmer et al. (2010), emphasizing the 
diagnostic relevance of high-frequency tympanometry 
for accurate assessment of increased energy transmis-
sion or resonance [8].

Additionally, average acoustic admittance at frequen-
cies of 226 Hz, 678 Hz, 800 Hz, and 1000 Hz, along 
with resonance frequency and pre-and post-operative 
resonant frequencies, were examined. The results 
showed an overall increase in acoustic admittance at all 
five frequencies following surgery, indicating improved 

Table 1. Comparison of middle ear pressure, middle ear absorption percentage, and external ear canal volume before and after 
cleft palate repair

Parameter
Mean±SE

Test Statistic (w) P
Before Surgery After Surgery Difference

Middle ear pressure 54.40±141.10 -35.10±128.70 -89.50±178.38 231917.50 <0.001

Resonance frequency 296.64±37.19 1184.10±155.60 887.46±179.08 0.00 <0.001

Absorption percentage 31.79±13.35 69.93±12.40 38.14±22.13 1773.00 <0.001

Ear canal volume 0.62±0.17 0.62±0.15 0.0 154047.00 0.73

P<0.05 statistically significant. 

Table 2. Comparison of admittance, tympanogram width, and middle ear pressure before and after cleft palate repair in five 
evaluated frequencies

Parameters No.
Mean±SE

Wilcoxon Test 
(w) P

Before Surgery After Surgery Difference

Ad
m

itt
an

ce

226 0.04±0.04 0.36±0.10 0.32±0.04 4.50 <0.001

678 0.05±0.03 0.32±0.11 0.27±0.05 0.00 <0.001

800 0.05±0.02 0.35±0.12 0.30±0.05 0.00 <0.001

1000 0.08±0.03 0.30±0.08 0.22±0.04 0.00 <0.001

RF 0.05±0.04 0.32±0.10 0.27±0.107 20.00 <0.001

Ty
m

pa
ni

c w
id

th

226 268.10±80.40 93.79±22.22 -174.31±87.65 307717.00 <0.001

678 275.30±97.70 89.70±16.26 -185.60±92.80 307720.00 <0.001

800 255.60±77.60 104.57±25.04 -151.03±76.11 307719.00 <0.001

1000 272.10±88.70 88.50±25.44 -183.60±92.05 307290.00 <0.001

RF 219.80±57.50 94.36±19.88 -25.44±61.22 307537.00 <0.001

M
id

dl
e 

ea
r p

re
ss

ur
e 226 -120.20±88.40 -17.10±54.90 103.10±18.18 21680.50 <0.001

678 -63.70±59.00 -17.96±43.72 45.74±10.18 56193.50 <0.001

800 -50.70±90.50 -2.71±4010 48.99±8.71 80278.50 <0.001

1000 -55.90±59.10 -1.07±48.19 54.83±9.60 45778.00 <0.001

RF -67.60±69.50 -1.57±34.88 68.03±77.51 32197.50 <0.001

P<0.05 statistically significant. 

RF: Resonance frequency.

Kazemi A, et al. Middle Ear Wideband Absorbance Following Cleft Palate Surgery. IRJ. 2024; 22(3):405-410.

http://irj.uswr.ac.ir/


409

September 2024, Volume 22, Number 3

middle ear function. These findings are consistent with a 
previous study by Tunçbilek et al. (2003) on a group of 
50 children with cleft palate, which observed a reduction 
in middle ear pathologies, including type B and C tym-
panograms, accompanied by decreased acoustic admit-
tance [15]. The study suggests that regular postoperative 
evaluations of middle ear function and auditory status 
are important for individuals with cleft palate.

Furthermore, tympanogram width at frequencies of 
226 Hz, 678 Hz, 800 Hz, and 1000 Hz, and resonance 
frequency along with pre-and post-operative resonant 
frequencies, were compared. Tympanogram width rep-
resents the interval between two pressure points at which 
the tympanogram reaches 50% of its peak admittance. 
The results indicated a reduced tympanogram width 
at all five frequencies following surgery, suggesting a 
sharper peak and improved middle ear conditions. This 
finding supports the significance of early management in 
children with cleft palate, as emphasized by Robinson et 
al. (1992), which includes the timely insertion of ventila-
tion tubes to ensure adequate hearing and contribute to a 
narrower peak and diminished tympanogram width [10].

Moreover, the average peak pressure in the middle ear 
at frequencies of 226 Hz, 678 Hz, 800 Hz, and 1000 Hz, 
and resonance frequency were compared before and af-
ter surgery. The results showed a negative reduction in 
peak pressure at all five frequencies, indicating improved 
middle ear function post-surgery. These findings are 
consistent with previous research by Keefe et al. (2012) 
which demonstrated that wideband tympanometry is 
more sensitive than 226 Hz tympanometry in predicting 
negative middle ear pressure and subsequent hearing loss 
[16]. Additionally, cleft palate closure through surgery 
can result in a reduction in middle ear pathologies, nega-
tive middle ear pressure, and auditory disorders, thereby 
mitigating the detrimental effects associated with the 
condition [17]. Overall, these findings underscore the 
importance of timely and effective surgical intervention 
for individuals with cleft palate to improve middle ear 
function and reduce related complications.

Conclusion

The current study utilized wideband tympanometry to 
evaluate middle ear function in children with cleft palate 
and lip before and after surgery. The results highlighted 
compromised pre-operative middle ear function, with 
wideband tympanometry showing superior diagnostic 
capacity compared to conventional techniques and offer-
ing enhanced precision in evaluating middle ear func-
tion in this patient population. Furthermore, wideband 

tympanometry was found to be a feasible option for 
newborns with narrow and small ear canals and dem-
onstrated higher sensitivity in diagnosing middle ear 
pathologies compared to high-frequency tympanometry. 
As such, this study suggests that wideband tympanome-
try has significant potential as an alternative tool in clini-
cal practice for assessing middle ear function.

Study limitations and future research recommen-
dations

This study encountered several limitations that may 
impact the generalizability of its findings. Firstly, the 
emergence of the COVID-19 pandemic restricted access 
to potential patients. The ban on intercity travel, the quar-
antine of cities, and the reluctance of individuals to leave 
their homes resulted in a smaller sample size than origi-
nally intended. This smaller sample size may impact the 
generalizability of the findings. Another limitation was 
that the hearing evaluations used in the study required a 
significant amount of time and effort from participants, 
which may have led to fatigue and decreased compli-
ance. This limited the feasibility of examining other 
hearing evaluations.

Future studies could be conducted on a larger scale 
with a larger sample size and the inclusion of additional 
hearing tests that can provide further insights into the 
auditory system’s functioning. Additionally, periodic 
follow-up assessments of patients could be conducted to 
evaluate the success of the surgery and assess the func-
tion of the middle ear over time. This would provide a 
more comprehensive understanding of the long-term 
outcomes of the intervention and help identify any po-
tential complications or issues that may arise with time. 
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