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Abstract 
Objective: To investigate the relationship between tympanic membrane (TM) perforation characteristics—size, 
location, and laterality—and the degree of conductive hearing loss in patients with chronic otitis media (COM). 
Methods: A cross-sectional study was conducted on 100 patients (160 ears) with COM-related TM perforations, 
including 63 bilateral (126 ears) and 37 unilateral (37 ears) cases, at a tertiary otolaryngology clinic from 
January 2023 to December 2024. Perforations were classified by size (small: <25%, medium: 25–50%, large: 
>50% of TM area) and location (central, marginal anterior, marginal posterior, attic) using digital otoscopy. 
Pure-tone audiometry measured air-bone gaps (ABG) at 0.5, 1, 2, and 4 kHz. Pearson’s correlation, ANOVA, 
and t-tests assessed associations between perforation characteristics and ABG. 
Results: Larger perforations correlated strongly with greater ABG (r = 0.71, p < 0.001), with mean ABGs of 
21.8 dB (small), 34.2 dB (medium), and 44.7 dB (large). Marginal posterior perforations had the highest ABG 
(39.2 dB), followed by central (34.9 dB), marginal anterior (29.7 dB), and attic (27.4 dB; F(3,156) = 11.8, p < 
0.001). Bilateral cases showed higher ABG (33.4 dB) than unilateral cases (27.9 dB; p = 0.008). 
Conclusion: Larger perforations, posterior marginal locations, and bilateral COM are associated with greater 
hearing loss, supporting the need for tailored interventions like tympanoplasty or hearing aids based on 
perforation characteristics. 
Kkeywords: Tympanic membrane perforation, Chronic otitis media, Conductive hearing loss, Air-bone gap, 
Perforation size. 
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Introduction 

Chronic otitis media (COM) is a common condition 
characterized by persistent middle ear 
inflammation, often leading to tympanic membrane 
perforation. These perforations disrupt sound 
transmission, causing conductive hearing loss, with 
severity varying by perforation size, location (e.g., 
central, marginal anterior, marginal posterior, 
attic), and laterality [1].  

Research consistently shows that larger 
perforations correlate with increased hearing loss, 
but the impact of perforation location remains 
controversial, with some studies reporting 
significant effects and others finding minimal 
influence [2,3]. This study quantifies these 

relationships in a cohort of 100 patients (160 ears) 
with COM, including 63 bilateral cases, to inform 
clinical management strategies. 

Methods 

Study Design and Population: A cross-sectional 
study was conducted in the Department of ENT at 
Al Falah School of Medical Science & Research 
Centre from January 2022 to March 2023. One 
hundred patients with COM-related TM 
perforations were enrolled, comprising 37 
unilateral (37 ears) and 63 bilateral (126 ears) 
cases, totaling 160 affected ears.  
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Inclusion criteria included: (1) otoscopically 
confirmed TM perforation, (2) pure-tone 
audiometry within one month of otoscopy, and (3) 
no prior surgical intervention (e.g., tympanoplasty). 
Exclusion criteria were sensorineural hearing loss, 
ossicular chain disruption confirmed by imaging, or 
active middle ear infection at evaluation. 

Data Collection 

Otoscopic Evaluation: Perforations were classified 
by size (small: <25% of TM area, medium: 25–
50%, large: >50%) and location (central: within 
pars tensa, not involving annulus; marginal 
anterior: involving anterior annulus; marginal 
posterior: involving posterior annulus; attic: 
involving pars flaccida). Digital otoscopy with 
calibration software (ImageJ) was used for 
measurements. 

Audiometric Assessment: Pure-tone audiometry 
was performed at 0.5, 1, 2, and 4 kHz. The air-bone 
gap (ABG) was calculated as the average difference 
between air and bone conduction thresholds across 
these frequencies. Hearing loss was categorized as 
mild (ABG 15–30 dB), moderate (31–50 dB), or 
severe (>50 dB) [4]. 

Demographics: Age, sex, and COM duration were 
recorded. 

Statistical Analysis: Descriptive statistics 
summarized demographics and perforation 
characteristics. Pearson’s correlation evaluated the 
relationship between perforation size and ABG. 
One-way ANOVA compared ABG across 
perforation locations, with Tukey HSD post-hoc 
tests for pairwise comparisons. T-tests assessed 
differences in hearing loss between unilateral and 
bilateral cases. A p-value <0.05 was considered 
significant. Analyses were performed using SPSS 
v27. 

Results 

Patient Demographics: 

The cohort included 100 patients (51 male, 49 
female) with a mean age of 35.2 years (SD 11.9, 

range 18–65). The mean COM duration was 7.9 
years (SD 4.3). 

Perforation Characteristics 

• Size: Small (67 ears, 41.9%), medium (54 ears, 
33.8%), large (39 ears, 24.4%). 

• Location: Central (78 ears, 48.8%), marginal 
anterior (31 ears, 19.4%), marginal posterior 
(29 ears, 18.1%), attic (22 ears, 13.8%). 

Hearing Loss Outcomes: The mean ABG was 
31.7 dB (SD 10.3). Hearing loss was mild in 51 
ears (31.9%), moderate in 86 ears (53.8%), and 
severe in 23 ears (14.4%). 

Correlation with Perforation Size 

A strong positive correlation existed between 
perforation size and ABG (r = 0.71, p < 0.001). 
Mean ABGs were: 

• Small: 21.8 dB (SD 6.4) 
• Medium: 34.2 dB (SD 7.9) 
• Large: 44.7 dB (SD 9.1) 

Effect of Perforation Location 

ANOVA showed significant differences in ABG by 
location (F(3,156) = 11.8, p < 0.001). Post-hoc tests 
indicated: 

• Central: 34.9 dB (SD 10.1) 
• Marginal anterior: 29.7 dB (SD 9.3) 
• Marginal posterior: 39.2 dB (SD 8.8) 
• Attic: 27.4 dB (SD 8.1) 

Marginal posterior perforations had significantly 
higher ABG than central (p = 0.02), marginal 
anterior (p < 0.001), and attic (p < 0.001). Central 
perforations exceeded marginal anterior (p = 0.03) 
and attic (p = 0.002). 

Unilateral vs. Bilateral Cases: Bilateral cases 
exhibited a higher mean ABG (33.4 dB, SD 10.6) 
than unilateral cases (27.9 dB, SD 8.7; t(158) = 2.7, 
p = 0.008). In bilateral cases, the worse ear had a 
mean ABG of 36.1 dB (SD 10.2). 

 

Table 1: Summary of Hearing Loss by Perforation Characteristics 
Characteristic N (Ears) Mean ABG (dB) SD 
Size    
Small 67 21.8 6.4 
Medium 54 34.2 7.9 
Large 39 44.7 9.1 
Location    
Central 78 34.9 10.1 
Marginal Anterior 31 29.7 9.3 
Marginal Posterior 29 39.2 8.8 
Attic 22 27.4 8.1 
Laterality    
Unilateral 37 27.9 8.7 
Bilateral 126 33.4 10.6 
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Discussion 

This study provides robust evidence that tympanic 
membrane (TM) perforation characteristics—size, 
location, and laterality—significantly influence the 
degree of conductive hearing loss in chronic otitis 
media (COM). The findings align with much of the 
existing literature while also contributing to 
ongoing debates, particularly regarding the impact 
of perforation location, and have important 
implications for clinical practice. 

Perforation Size and Hearing Loss 

The strong positive correlation between perforation 
size and air-bone gap (ABG) (r = 0.71, p < 0.001) 
is consistent with prior research. Larger 
perforations disrupt a greater portion of the TM’s 
vibratory surface, impairing sound transmission. 
Nahata et al. (2014) reported mean hearing losses 
of 29.41 dB, 34.69 dB, and 38.79 dB for small (0–8 
mm²), medium (8.1–30 mm²), and large (>30.1 
mm²) perforations, respectively, which closely 
mirrors our findings of 21.8 dB, 34.2 dB, and 44.7 
dB for small, medium, and large perforations [1]. 
Rasheed (2020) also found a positive correlation (r 
= 0.435, p < 0.0001), noting that larger perforations 
lead to more significant hearing impairment, 
particularly at lower frequencies [2]. These 
consistent findings across studies underscore the 
critical role of perforation size in determining 
hearing outcomes and suggest that size should be a 
primary consideration in treatment planning. 

Influence of Perforation Location 

Perforation location significantly affected hearing 
loss, with marginal posterior perforations yielding 
the highest mean ABG (39.2 dB), followed by 
central (34.9 dB), marginal anterior (29.7 dB), and 
attic (27.4 dB) perforations. This aligns with 
several studies highlighting the impact of posterior 
perforations. Bhusal and Guragain (2010) noted 
that posterior perforations cause greater hearing 
loss, potentially due to their proximity to the 
ossicular chain or round window, which may 
disrupt sound conduction more effectively [3]. 
Nahata et al. (2014) reported a mean hearing loss of 
39.99 dB for posterior perforations, compared to 
30.1 dB for anterior ones, supporting our results 
[1]. Rasheed (2020) further quantified this, finding 
that posterior perforations had 12% greater hearing 
loss than anterior ones at 500 Hz, suggesting a 
frequency-specific effect [2]. 

However, the literature is not unanimous. Nepal et 
al. (2007) found no significant effect of perforation 
site on hearing loss, suggesting that size or other 
middle ear factors may dominate4. Similarly, a 
2024 study by Rasheed found an insignificant 
correlation between the location of small TM 
perforations and conductive hearing loss in inactive 
mucosal COM, particularly for anteroinferior 

perforations [5]. These discrepancies may stem 
from differences in perforation classification, 
sample size, or the inclusion of patients with 
additional middle ear pathology. For instance, our 
study excluded ossicular chain disruption, which 
may amplify hearing loss in posterior perforations, 
as noted by Ahmad and Ramiza (2002) [6]. The 
variability in findings highlights the need for 
standardized perforation classification and larger, 
multicenter studies to clarify the role of location. 
Attic perforations, involving the pars flaccida, 
showed the least hearing loss (27.4 dB), consistent 
with Bhusal and Guragain (2010), who noted that 
these perforations spare the pars tensa, critical for 
sound transmission [3]. However, attic perforations 
are often associated with cholesteatoma, which 
may lead to complications beyond hearing loss, 
necessitating careful clinical evaluation. 

Laterality and Bilateral Effects 

Bilateral COM was associated with worse hearing 
outcomes, with a mean ABG of 33.4 dB compared 
to 27.9 dB for unilateral cases. This is corroborated 
by Saliba and Abela (2012), who found that 
bilateral disease exacerbates hearing impairment 
due to cumulative pathology [7]. The worse ear in 
bilateral cases had a mean ABG of 36.1 dB, 
suggesting that one ear may experience more 
severe pathology, further compounding functional 
impairment. This finding is particularly relevant for 
patients with bilateral COM, who may face greater 
challenges in communication and daily activities, 
warranting prioritized intervention. 

Additional Factors: Middle Ear Volume and 
Disease Duration 

Beyond perforation characteristics, other factors 
may influence hearing loss. A study by Park et al. 
(2019) found a significant correlation between 
mastoid-middle ear volume and the degree of 
conductive hearing loss, suggesting that smaller 
middle ear volumes exacerbate hearing impairment 
in TM perforations [8]. While our study did not 
measure middle ear volume, this factor could 
explain some variability in our results and merits 
further investigation. Additionally, Pannu et al. 
(2020) reported that longer disease duration is 
associated with greater hearing loss, with mean 
losses of 36.46 dB for <1 year and 52.18 dB for 
>10 years [9]. Our cohort had a mean COM 
duration of 7.9 years, which may have contributed 
to the observed hearing loss severity. 

Clinical Implications 

These findings have several clinical implications. 
First, detailed otoscopic evaluations are essential to 
assess perforation size and location, as these predict 
hearing loss severity. Patients with large or 
posterior perforations may benefit from early 
surgical intervention, such as tympanoplasty, to 
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restore TM integrity and improve hearing. 
Conversely, those with small or anterior 
perforations might be managed conservatively with 
regular monitoring and hearing aids if needed. 
Second, the higher hearing loss in bilateral cases 
underscores the need for comprehensive 
management strategies. Staged tympanoplasty or 
simultaneous bilateral surgery may be considered 
to address compounded hearing impairment. 
Hearing aids may also play a critical role in 
bilateral cases, particularly when surgery is delayed 
or contraindicated. 

Third, the variability in hearing loss across 
perforation locations suggests that surgical 
techniques should be tailored to the perforation site. 
For posterior perforations, meticulous repair is 
necessary to optimize hearing outcomes, given 
their proximity to critical middle ear structures. 
Additionally, audiometric assessments should be 
routinely paired with otoscopic findings to provide 
a complete picture of hearing loss severity and 
guide treatment decisions. 

Limitations and Future Directions 

This study has several limitations. The cross-
sectional design limits causal inferences and 
insights into post-intervention outcomes. Excluding 
patients with ossicular chain disruption may have 
overlooked a confounding factor, as ossicular 
pathology can amplify hearing loss [2]. Future 
studies should incorporate high-resolution 
computed tomography (CT) to assess ossicular 
status and middle ear volume, as suggested by Park 
et al. (2019) [8]. The reliance on otoscopic 
estimation of perforation size, despite using 
calibration software, may introduce variability. 
Advanced imaging techniques, such as endoscopic 
or 3D otoscopy, could enhance measurement 
accuracy. Additionally, the distribution of bilateral 
(63) versus unilateral (37) cases may not fully 
represent the broader COM population. Larger, 
multicenter studies with balanced cohorts are 
needed for greater generalizability. 

Future research should explore the logarithmic 
relationship between perforation size and hearing 
loss, as proposed by Nepal et al. (2007) [4]. 
Longitudinal studies tracking hearing outcomes 
post-tympanoplasty could clarify the efficacy of 
surgical interventions based on perforation 
characteristics. Incorporating patient-reported 
outcomes, such as quality of life measures, would 
further contextualize the functional impact of 
hearing loss. Finally, investigating the role of 
middle ear volume and mastoid aeration, as 
highlighted by Park et al. (2019), could provide a 
more comprehensive understanding of hearing loss 

mechanisms in COM [8]. 

Conclusion 

TM perforation size, location, and laterality 
significantly influence hearing loss in COM. Larger 
perforations, posterior marginal locations, and 
bilateral cases are associated with greater 
conductive hearing loss. These findings support 
detailed otoscopic evaluations and tailored 
treatment plans, such as tympanoplasty for severe 
cases or early intervention in bilateral COM. 
Further research with longitudinal data and 
advanced imaging is needed to refine clinical 
strategies. 
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