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↑What is “already known” in this topic: 
Different ways are used in our ears to the best possible impedance 
matching achieved, and somehow the impedance mismatch that is 
released. These ways are the greater area of the eardrum to the oval 
window, and amplification actions of the middle ear ossicle, the ear 
canal, shoulder, head, and pinna.   
 
→What this article adds: 

Based on our knowledge, these amplification mechanisms have been 
neglected in the occupational health-related noise measurements and 
the hearing protection programs; thus, in this study, the effects of the 
external auditory canal on the total sound pressure level and sound 
pressure levels at different frequencies were studied. Also, 3 SSPLs 
that are usual in the workplaces were used in this research. The ear 
canal can amplify the sounds and increase the sound pressure levels. 
This amplification is found to be greater in men than in women. The 
resonance ability of the ear canal is larger in some frequencies, 
especially in higher frequencies. This ability of the ear canal should be 
considered in the workplace noise evaluations.  
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Abstract 
    Background: Exposure to noise associated with injuries has become a public health issue in recent years. This study aimed to show 
the role of the acoustical structure of the ear canal on the typical occupational sound pressure levels at different frequencies.  
   Methods: This cross-sectional study was done on 20-30-year-old participants. White noise was used at 3 levels, including 75, 85, 
and 95 dB as the stimulus sound pressure levels (SSPLs). The speakers had a 1.5-meter distance from the participants and at the height 
of 87 centimeters from the lab ground and were located in front of the participants. The SSPLs were measured outside (cavum part of 
the external ear) and inside the right ear of each participant. Measurements were done at the total sound pressure level and in the 1/1 
octave frequencies. The duration for each measurement was 10 seconds. The independent sample t test was used for the statistical 
analysis, and the equality of means were rejected at p<0.05. 
   Results: There were 30 (50%) males out of the 60 participants. The mean ± SD for the age of all the participants was 23.29±2.93 
years.  The total sound pressure level difference between the inside and outside of the ears of male and female participants was 
statistically significant (p<0.001) at the stimulus sound pressure levels. The peak resonance was observed in the frequencies 2000 Hz 
and 8000 Hz for males and 8000 Hz for females.  
   Conclusion: The ear canal can amplify the sounds and increase the sound pressure levels. This amplification was found to be greater 
for males than for females. 
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Introduction 
Exposure to noise associated with the injuries has be-

come a public health issue in recent years. In addition to 
having adverse impacts on the hearing system, noise may 
also lead to other h armful health effects on the people, 
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such as sleeping disturbance, impairment of cognitive 
performance in children, cardiovascular and pulmonary 
diseases, type 2 diabetes, adverse birth outcomes, and 
annoyance (1-3). The effects of noise on humans depend 
not only on the physical characteristics of the noise, in-
cluding the sound pressure level and frequency content of 
noise, et cetera, but also on the physical, physiological, 
and psychological systems reactions (4). One of these 
systems is our ears. Different ways are used in our ears to 
the best possible impedance matching achieved, and 
somehow the impedance mismatch that is released. These 
ways include the greater area of the eardrum to the oval 
window (about 17:1), and amplification actions of the 
middle ear ossicle, the ear canal, shoulder, head, and pinna 
(5). Despite the fact that the impedance mismatch and 
sound amplification actions are crucial for our normal life, 
these actions may not be desirable in some circumstances 
and places. One of these circumstances is exposure to 
workplace noises. The noise level measurements are usu-
ally done using sound level meters (SLM) in the workers’ 
environment in the occupational health. Finally, the judg-
ments about the actions are done by considering the refer-
ence organization recommendations (OSHA PEL = 90 
dBA; NIOSH REL = 85 dBA; and ACGIH = 85 dBA over 
the 8-hour period). According to the existing protocols 
about avoiding the workplace noise effects, some control-
ling actions, such as decreasing the working time or using 
earplugs or earmuffs, are considered due to the use of the 
recommended safe levels of the environmental sound 
pressure.  However, with the existing amplification mech-
anisms in our ears, safe levels of environmental sound 
pressure level remain safe inside the ears. To our 
knowledge, these amplification mechanisms have been 
neglected in the occupational health-related noise meas-
urements and the hearing protection programs.   

The aim of this study was to quantify the effects of the 
external auditory canal on the total sound pressure level 
and sound pressure levels at different frequencies. 

 
Methods 
Study Design 
This cross-sectional study was done in the sound and 

vibration laboratory of the Health Faculty of Isfahan Uni-
versity of Medical Sciences in 2019. White noise at 3 
sound pressure levels (SPL), including 75, 85, and 95 dB, 
were used as the stimulus sound pressure levels (SSPLs). 
For more precision, the sound pressure levels were 
checked before each measurement by a calibrated sound 
level meter (model TES-1357) close to each participant. 
The speakers that were located in front of the participants 
had a distance of 1.5 meters from them and a height 87 
centimeters from the lab ground. The participants were 
asked not to change their head position and keep looking 
directly at the speakers during the tests. Labview software 
(V 2012), with the data acquisition card (DAQ) made by 
USA National Instrument Co (model MC-3642), was used 
for playing and recording the noises. The sound pressure 
levels were recorded outside (cavum part of the external 
ear) and inside (at 2.0 cm depths from the entrance to the 
ear canal) of the right ear of each participant at the fre-

quencies of 63, 125, 250, 500, 1000, 2000, 4000, and 8000 
Hz. A circular-shaped microphone with a 2 millimeter 
diameter was used for this purpose. Calibration was done 
for the microphone.  The time duration of 10 seconds (10 
s) was considered for all the sound pressure level meas-
urements. To minimize the probable effects of the con-
founding factors, all the participants in the study had the 
same environmental conditions during the measurements.  

 
Study Sample and Inclusion Criteria 
One of the inclusion criteria for the study was hearing 

health (not having infections and deformities of the hear-
ing structure). This criterion was checked by a general 
physician before the study. No sensitivity and irritation to 
noise and the age range of 20-30 years were other inclu-
sion criteria of the study. Sensitivity and irritation to noise 
were checked by a question from the participants, asking 
whether they were annoyed in their living environment by 
the following sounds: jingling of coins, dog barking, car 
engines, someone chewing, vacuum cleaner, or any other 
sounds. Eventually, 60 male and female students with 
negative responses were included in the study as partici-
pants using the simple random selection method. Written 
informed consent was obtained from all participants en-
rolled in the study. 

 
Statistical Analysis 
The data were analyzed using SPSS (V 26) software. 

Statistical analysis results were reported for the male and 
female participants separately. The mean and standard 
deviation (SD) were reported for the quantitative and 
qualitative variables, respectively. The independent sam-
ple t test was used for the statistical analysis, and the 
equality of means was rejected at p<0.05.   

 
Results 
Out of 60 participants, 30 (50%) were men. The mean 

and standard deviation (mean ± SD) of the age of all par-
ticipants was 23.29±2.93 years.  Also, the mean and 
standard deviation (mean ± SD) for height, weight, and 
BMI (body mass index) of all the participants were 
171.1±10.45 cm, 65.93±15.1 kg/m2, and 22.3±3.6, respec-
tively. The total sound pressure level difference between 
inside and outside of ear of men and women participants 
at the stimulus sound pressure levels of 75, 85, and 95 dB 
was statistically significant (p<0.001). Men showed higher 
differences compared to women at all 3 stimulus sound 
pressure levels.  The resonance ability of the ear canals in 
both genders decreased with increasing the stimulus sound 
pressure levels (see more details in Table 1).  

When the SSPL was 75 dB for men, the maximum 
mean difference of sound pressure level between inside 
and outside of the ears was seen at the frequency of 2000 
Hz (MD=6.6 dB), while with increasing the SSPL, the 
maximum mean difference of the frequency also changed, 
and the maximum difference at the SSPL of 85 & 95 dB 
was at the frequency of 8000 Hz (MD=6.6 & 4.5 dB, re-
spectively).  
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Table 1. Mean, Standard Deviation, Mean Difference, and P Values of the Total Sound Pressure Level Inside and Outside of Participants’ Ear 
   Stimulus Sound Pressure Level (dB) 
  75  85  95  
  Outside  Inside  MD†  P¶ Outside  Inside  MD  P Outside  Inside  MD  P 
  Mean SD‡ Mean SD Mean SD Mean SD Mean SD Mean SD 

Gender Men 74.9 1.2 80.3 2.7 5.4 <0.001 85 1.2 1.2 1.2 4.1 <0.001 94.8 1 96.5 0.6  1.7 <0.001 
Women 75 2.6 77.7 3.5 2.7 0.001 84.9 1.3 1.3 1.3 2.7 <0.001 95.1 0.7 96 0.7 0.9 <0.001 

              
‡ Standard Deviation (SD); † Mean difference = inside-outside; ¶ Bold numbers = significant P values. 

Table 2. Mean, Standard Deviation, Mean Difference, and P values of the Sound Pressure Level Inside and Outside of Male Participants’ Ear at Different Frequencies (n = 30) 
   Stimulus Sound Pressure Level (dB)  
  75    85    95 
  Outside  Inside  MD†  P¶ Outside  Inside  MD  P Outside  Inside  MD  P 
  Mean SD‡ Mean SD Mean SD Mean SD Mean SD Mean SD 

Fr
eq

ue
nc

y 
(H

z)
 

63 61.4 1.9 65.8 9.6 4.4 0.022 61.1 3.5 63.4 8.8 2.3 0.192 64.7 1.5 66.5 3.2 1.8 0.007 
125 60.6 3 62 5 1.4 0.198 68.2 2.4 68 3.6 -0.2 0.797 76.9 1.8 73.9 2.6 -3 <0.001 
250 58.5 1.6 59 3.3 0.5 0.479 68.5 2.3 67.7 3 -0.8 0.270 79.4 1.8 76 2.5 -3.4 <0.001 
500 60.1 1.7 60.9 1.8 0.8 0.091 71 1.7 70.9 2.1 -0.1 0.874 81.5 1.1 79.2 1.8 -2.3 <0.001 
1000 69.3 1.6 70.2 1.3 0.9 0.016 79.8 1.6 80.6 1.6 0.8 0.084 89.9 1.3 87.8 2.1 -2.1 <0.001 
2000 69.2 1.4 75.5 3 6.3 <0.001 79.3 1.4 85.2 2.5 5.9 <0.001 89 1.2 92.2 2.5 3.2 <0.001 
4000 68.9 2 73 4 4.1 <0.001 79.5 2.2 82.6 4.3 3.1 0.001 89 1.8 90.8 2.5 1.8 0.003 
8000 58.3 1.3 63.3 3.8 5 <0.001 68.1 1.6 74.7 3.6 6.6 <0.001 80.6 1.7 85.1 2.3 4.5 <0.001 

                    
‡ Standard deviation (SD); † Mean difference = inside-outside; ¶ Bold numbers = significant P values. 

Table 3. Mean, Standard Deviation, Mean Difference, and P Values of the Sound Pressure Level Inside and Outside of Female Participants’ Ear at Different Frequencies (n = 30) 
       Stimulus Sound Pressure Level (dB)    
  75    85    95   
  Outside  Inside  MD  P Outside  Inside  MD  P Outside  Inside  MD  P 
  Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Fr
eq

ue
nc

y 
(H

z)
 

63 61.2 3.6 58.9 8.2 -2.3 0.175 60.3 1.6 58.7 7.8 -1.6 0.270 65 1.7 65.6 3.7 0.6 0.446 
125 62.1 3.8 61.4 4.7 -0.7 0.491 68.8 1.4 67.6 3.2 -1.2 0.068 78 1.2 75.8 2.6 -2.2 <0.001 
250 60 3.2 58.6 3.8 -1.4 0.142 69.2 1.5 67.8 2.7 -1.4 0.020 80.2 1.6 78 2.4 -2.2 <0.001 
500 61.7 3.8 60.1 3.9 -1.6 0.127 71.7 1.2 70.8 2.2 -0.9 0.046 82.5 1.1 80.4 1.6 -2.1 <0.001 
1000 69.4 2.8 68.9 2.9 -0.5 0.507 80.1 1.5 79.8 1.5 -0.3 0.475 90.2 0.9 88.3 1.4 -1.9 <0.001 
2000 68.2 2.9 72.4 3.7 4.2 <0.001 78.9 1.4 82.6 2.6 3.7 <0.001 88.6 0.8 90.7 1.8 2.1 <0.001 
4000 68.1 4.1 72.5 3.8 4.4 <0.001 78.8 2.4 82.5 2.9 3.7 <0.001 89 2.2 90.9 2 1.9 0.002 
8000 58.3 4.1 66.2 4.2 7.9 <0.001 69.3 2.5 76 2.8 6.7 <0.001 81.1 2.3 86.2 1.9 5.1 <0.001 
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Also, the significant differences were mostly seen statis-

tically for high frequencies at the 3 SSPL. However, the 
maximum mean difference of sound pressure levels be-
tween the inside and outside of the ears in women at all 3 
SSPL was at the frequency of 8000 Hz (MD= 7.9; 6.7; 
and 5.1 dB, respectively).  Also, the significant differ-
ences were mostly seen statistically for high frequencies at 
3 SSPL (Tables 2 and 3). 

 
Discussion  
Our results showed that at the studied SSPLs, total 

sound pressure levels significantly increase inside the ear 
compared to the outside. In the previous studies in this 
regard, the researchers usually used 1 SSPL to study the 
ear canal behaviors, while the studied sound pressure lev-
els were much under the routine occupational sound pres-
sure levels (6-8). Therefore, 3 SSPLs that are usual in the 
workplaces were used in this research to study the ear 
canal behaviors. Since the previous studies have proved 
that ear morphology of men and women are different (9-
11), and forasmuch as the presence of women at work-
places is increased nowadays (12),  in this study, the re-
sponses of ear canals to the SSPLs were reported for the 
men and women separately. It was found that in all the 3 
studied SSPLs, the elevation of the total sound pressure 
level inside the ear of men was higher than that of women. 
It seems that the ear canals of men can more increase the 
total sound pressure level than the women’s ear canals. 
Despite the fact that the resonance ability of men’s ears 
was more than that of women’s, the ear resonance ability 
in both sexes was decreased with increasing the stimulus 
sound pressure level. Moreover, it seems that with in-
creasing the exposure sound pressure level, not only the 
mean difference between the outside and inside of the ear 
canals in both sexes decreases, but also the women’s ear 
canal behavior is mainly similar to men. Thus, it can be 
clearly seen that the ear canal amplification power, not 
only is related to the sound frequency, but also it depends 
on the sound pressure level. Since the total sound pressure 
level was not reported in the past related studies, we can-
not compare our findings to others. According to the oc-
cupational health guidelines (related to the OSHA, 
NIOSH, and ACGIH), the evaluation of noise level at 
workplaces was done by measuring the total sound pres-
sure level in the centers of specific stations. Based on our 
findings, the ear canal amplifies the sound level in both 
genders. Therefore, in such conditions, exposure of indi-
viduals to the recommended safe levels of noise in work-
places may be dangerous and put the workers at the risk of 
high exposure. Also, since the male ear canal amplifica-
tion ability is more than that of the females, male workers 
may be at more risk compared to the women workers. It 
seems that the different morphology of men's and wom-
en's ears, such as the larger volume of the men’s ear canal 
compared to the women's (13, 14), makes the amplifica-
tion ability different in both genders.  

Since 1/1 octave frequencies are widely used for the 
frequency analysis of noise at workplaces, in this study, 
the ear canal amplification behavior was determined in 
exposure to those frequencies. According to the results, 

sound pressure level amplification was not observed at 
different SSPLs in all the studied frequencies. At the 
SSPL of 75 dB and in all the measured frequencies, inside 
sound pressure levels in the men’s ear were higher than 
that of the outside. Sound pressure amplification ability of 
men’s ear canal for the frequency range of 125-1000 Hz 
was less than lower and higher frequencies, and the ampli-
fication peak was observed at the frequency of 2000 Hz. 
These findings were consistent with the findings by Liu et 
al (7).  Sound pressure resonance was not observed for 
frequencies of less than 1000 Hz in the women’s ear ca-
nals and also the resonance peak was at the frequency of 
8000 Hz in them. These findings were consistent with 
Hellstrom and Santos observations (15, 16). Since the ear 
canal volume in women is smaller than that of men, we 
expected that the peak of amplification would shift some-
what to higher frequencies in women.  

At the SSPL of 85 dB and in some frequencies, includ-
ing 63 and greater than 500 Hz, the inside sound pressure 
levels in the men’s ear were higher than that in the out-
side. Also, the peak amplification was observed at the 
frequency of 8000 Hz. The same pattern was approximate-
ly seen in the women’s ear canal. It seems that with in-
creasing the SSPL, the frequency of resonance peak shifts 
to the higher frequencies in the men’s ear canal but stays 
unchanged in women. Moreover, with increasing the 
SSPL, the ear canal amplification in men is lost at the 
lower frequencies (<1000 Hz). It seems that with increas-
ing the exposure sound pressure levels, the men’s ear ca-
nals cannot amplify the sound pressure levels at lower 
frequencies. At the SSPL of 95 dB, the men’s and wom-
en’s ear canals are more likely to respond to the SSPL. At 
this value of SSPL, significant resonance is also revealed 
at the low frequencies. It seems that the ear canal can res-
onate at the low frequencies in the higher sound pressure 
levels. Since the accepted time weighted average (TWA) 
for an 8-hour exposure to workplace noise in some coun-
tries is 85 dB, the resonance ability of the ear canal should 
be considered at the occupational hearing protection pro-
grams.  

We could not measure the sound pressure levels of both 
ears of the participants. Different morphology of the right 
and left ears was proved by the previous studies (17, 18). 
Thus, it is recommended to further assess the ear canals of 
both ears at the wider range of SSPL in future studies. 

 
Conclusion 
The ear canal can amplify the sounds and increase the 

sound pressure levels. This amplification is found to be 
greater in men than in women. Resonance ability of the 
ear canal is larger in some frequencies, especially in the 
higher rates. This ability of the ear canal should be con-
sidered in the workplace noise evaluations. In such situa-
tions, the workers may be exposed to unaccepted noise 
levels in the workplaces, even under the occupational safe 
levels because of the resonance ability of the ear canal in 
both genders.   
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