
CASE REPORT

Hearing within the Normal Limit may not Indicate that the 
Middle Ear is Healthy 
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Ab s t r ac t
In clinical settings, air conduction (AC) thresholds of pure tone audiometry (PTA) represent the severity of hearing loss. If the AC thresholds 
are within the normal limit (≤20 dB HL), bone conduction (BC) thresholds are not typically determined. In this case report, the importance of 
having BC thresholds is highlighted (even though AC thresholds are normal) to achieve an accurate diagnosis.
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In t r o d u c t i o n
Hearing loss has been recognized as one of the important health 
issues.1,2 It affects people of various age-groups including children.1 
There are three types of hearing losses, such as conductive hearing 
loss (CHL), sensorineural hearing loss (SNHL), and mixed hearing 
loss.3 Those who are diagnosed with hearing loss may have hearing 
levels ranging from mild to profound. While SNHL is a permanent 
disorder, CHL can be characterized as a temporary condition and 
hearing levels may fluctuate over time. One of the common causes 
of CHL among children is middle ear problems.2 If not treated in a 
timely manner, more serious consequences would occur in those 
with middle ear problems.4 Comprehensive hearing assessments 
are therefore essential to determine the severity and type of hearing 
loss in individuals who are at risk to have hearing loss. As such, the 
hearing diagnosis must be accurate as different types of hearing 
losses require specific treatment options.2

In clinical settings, pure tone audiometry (PTA) has been 
regarded as the gold standard test of hearing among cooperative 
children and adult patients.2 In this test, air conduction (AC) and 
bone conduction (BC) thresholds are determined. In this respect, 
AC and BC thresholds represent the severity and the type of hearing 
loss, respectively. Those with AC thresholds that are equal to or less 
than 20 dB HL are considered to have normal hearing.2 Additionally, 
tympanometry and acoustic reflex tests may also be carried out to 
support the hearing diagnosis.5,6 It is worth noting that completing 
all these tests from uncooperative children can be challenging. In 
this regard, due to their short attention span or other “behavioral” 
problems, some clinicians may apply shortcuts (to ensure that valid 
and reliable results are obtained in a short time). That is, only AC 
thresholds are determined, especially when those are within the 
normal limit (≤20  dB  HL). In this case report, the importance of 
having BC thresholds is highlighted, even though the AC thresholds 
are normal to achieve an accurate diagnosis.

Ca s e De s c r i p t i o n
This is a case of eight-year-old boy who was referred to Audiology 
Clinic, University Hospital, for hearing assessments by an 
otorhinolaryngology (ORL) doctor. According to the report, he 
was diagnosed with inactive chronic suppurative otitis media 

(CSOM) bilaterally. There was no concern about his hearing, and his 
communication skills were adequate. According to his mother, the 
child has history of recurrent ear discharge since 3 months of age 
(involving both of his ears) and has regular follow-ups with ORL 
doctors to manage his otological condition. His physical development 
was normal, and he is enrolled in a normal (mainstream) school.  

Otoscopic examination showed the presence of minimal earwax 
with an intact tympanic membrane (TM) bilaterally. However, the 
cone of light was not visible from both TMs. Tympanometry 
revealed a type A tympanogram for the left ear (suggestive of 
reduced middle ear compliance) and a type B tympanogram for 
the right ear (indicative of the presence of fluid in the middle ear). 
The tympanometric testing was performed using a 226-Hz middle 
ear analyzer (Interacoustics AT235H, Denmark).

PTA was then performed using a calibrated two-channel 
audiometer (GSI 61, Grason-Stadler Inc. from USA). The TDH-39 
headphone was used to obtain AC thresholds at 250 to 8000 Hz 
for both ears. The B71 bone vibrator was employed to determine 
BC thresholds (250–4000  Hz). Both AC and BC thresholds were 
determined using the standard threshold seeking procedure.2 
As the boy was restless during the BC procedure, the masked BC 
thresholds were only able to be obtained at two frequencies (250 
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and 500 Hz) for the left ear. Figure 1 shows the results of PTA and 
tympanometry of the boy. As indicated, the AC thresholds were 
indeed within the normal limit across the tested frequencies 
bilaterally (≤15 dB HL). Nevertheless, for the left ear, a significant 
air-bone gap (ABG) was seen at 250 Hz (i.e., 20 dB) and 500 Hz (i.e., 
15 dB), implying that the middle ear was not “healthy.” No significant 
ABG was seen for the right ear (even though the tympanogram was 
type B). At this point, the results of PTA and tympanometry were not 
consistent with each other, and a further assessment was warranted 
to conclude the hearing diagnosis. 

Hence, the acoustic reflex test was performed ipsilaterally at 
500 and 1000  Hz on both ears using the screening procedure. 
As shown in Figure 1, no reflex was observed at the maximum 
intensity levels (i.e., 100 dB at 500 Hz and 105 dB at 1000 Hz) for 
both ears. The acoustic reflex results were in fact consistent with 
those of tympanometry, indicative of the presence of conductive 
pathology in both ears (even though his hearing was well within 
the normal limit).

Di s c u s s i o n
In clinical settings, getting an accurate result is very important in 
ensuring the best treatment option for patients. Integrating the 
results of several audiological tests is always the recommended 
practice in enhancing the accuracy of hearing diagnosis.2 In this 
case report, the boy’s hearing was found to be within the normal 
limit bilaterally (by PTA). This result was rather unexpected given 
the history of middle ear problems and tympanometric results. In 
fact, for the right ear, a “significant” hearing loss would have been 
expected since the tympanogram was type B. It is indeed common 
to have the type B tympanogram in those with otitis media.2,5 
Nevertheless, as shown in Figure 1, the AC thresholds were well 
within the normal limit (≤15 dB HL) with no significant ABGs. For 
the left ear, it was not surprising to have significant ABGs at low 
frequencies (even though the AC thresholds were normal) as the 
tympanogram was type As. That is, this type of tympanogram could 

be associated with poor mobility of TM due to the presence of 
middle ear pathology.2,5 The presence of conductive pathology in 
both ears was then confirmed as no acoustic reflexes were observed 
at the maximum intensity levels. 

It is worth stating that both tympanometry and acoustic reflex 
tests were repeated twice for each ear as an effort to obtain reliable 
results. 

Collectively, this boy was found to have a bilateral conductive 
pathology even though his hearing was within the normal limit. This 
finding is rather sensible as the range of normal hearing (in PTA) is 
reasonably big, that is, 30 dB (from– 10 to 20 dB HL).2 Furthermore, 
since 15 dB is the minimum ABG to be considered as significant,2 it is 
not surprising to have normal hearing results but with the presence 
of conductive pathology.

In this case report, the absence of acoustic reflex was likely due to 
the presence of conductive pathology (rather than sensory or neural 
pathology) for several reasons. Firstly, the presence of conductive 
pathology is more consistent with the boy’s history of middle ear 
problems and tympanometric results. Secondly, the AC thresholds 
were well within the normal limit (excluding the possibility of sensory 
or neural pathology, in which high-frequency hearing loss is typically 
observed). Thirdly, it has been consistently demonstrated that the 
acoustic reflexes would be absent in CHL cases with ABG as low as 
5 dB.2,7

Even though objective hearing assessments are available,8,9 
getting accurate results for the behavioral audiological tests 
should be the primary aim in clinical sessions. Nevertheless, it 
can be challenging to perform all tests completely in one session 
when dealing with pediatric cases. In this case report, the boy was 
older enough to give reliable responses during the testing (even 
though he felt restless at the end of session). That is, the assessments 
began with otoscopy and then followed by tympanometry, PTA, 
and acoustic reflex test. During the PTA assessment, initially the 
boy refused to cooperate in the BC testing (after cooperating 
well in the AC testing). After some persuasion, he then agreed to 
proceed with the BC testing, and only 250 and 500 Hz were tested 

Fig. 1: Audiological results of the child
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(as these frequencies are more commonly affected in CHL). If the 
BC testing was not carried out (because the AC thresholds were 
normal and the boy was restless), the significant ABGs would have 
not been seen (leading to misdiagnosis). It would be even more 
challenging if younger children are tested. Due to their short 
attention span and other factors, some clinicians would prefer 
to start with the behavioral hearing test (rather than otoscopy or 
tympanometry). If the AC thresholds are found to be within the 
normal limit, BC thresholds are not typically determined (which may 
lead to misdiagnosis if the conductive pathology is present). This 
situation could become “worse” if tympanometry or acoustic reflex 
machine is faulty or not available during the session. Taken together, 
measuring the BC thresholds (at least at certain frequencies) is 
highly recommended, even though the AC thresholds are normal 
to avoid the misdiagnosis and inappropriate case management. 
In terms of case management, the boy’s hearing and otological 
condition will be closely monitored from time to time by the 
respective ORL doctor and audiologist.

Co n c lu s i o n
Hearing within the normal limit does not exclude the possibility 
of having conductive pathology. Even though getting complete 
test results can be challenging when dealing with children, having 
BC thresholds is advantageous (even though AC thresholds are 
normal) to avoid misdiagnosis. Additionally, the test battery 
approach is always recommended to achieve an accurate 
diagnosis.  

Cl i n i c a l Si g n i f i c a n c e
Several useful points could be gathered from this case report 
as guidelines to hearing healthcare clinicians. Firstly, normal AC 
thresholds may not indicate that the middle ear is healthy, and 
having BC thresholds is useful (to rule out any ABGs). When testing 
children, clinicians may choose certain frequencies in the BC testing. 
This approach can be considered as a “safe” shortcut (rather than 
not doing the BC testing at all because AC thresholds are normal). 

Secondly, it is also possible to see “perfectly” normal hearing results 
(normal AC and BC thresholds with no significant ABGs) in those 
with middle ear disorders. In this regard, the results of other routine 
audiological tests are required to conclude the hearing diagnosis.

Or c i d
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