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Abstract 
Background and Aim: Middle ear of neonates 

is mass-dominant. Therefore, by increasing the 

frequency of probe tone from 226 Hz to 1000 

Hz, middle ear abnormalities can be detected 

better. This study aimed to evaluate the effect of 

age, sex, ear and weight on the characteristics of 

1000 Hz tympanometry in neonates. 

Methods: A total of 255 neonates (136 boys 

and 119 girls) aged from 1 to 90 days, with nor-

mal transient evoked otoacoustic emissionat 

least in one ear were studied. Compensated sta-

tic admittance at middle ear pressure (YPP) and 

admittance at pressure of +200 daPa (Y200) 

were measured with 1000 Hz tympanometry. 

Results: Mean (SD) YPP and Y200 values were 

0.97 (0.48) and 2.07 (0.46) mmho in the right 

ears and 0.98 (0.53) and 2.05 (0.48) mmho in 

the left ears, respectively. In both ears, gender 

had no significant effect on compensated YPP, 

but Y200 values were significantly different 

between girls and boys (p<0.05). Ear did not 

affect the YPP and Y200 values. There was also 

a linear relationship between age and weight 

with compensated YPP and Y200 values, so that 

compensated YPP and Y200 values increased 

with higher weight and age. 

Conclusion: Age and weight by affecting the 

physical and impedance characteristics of ear 

canal and tympanic membrane, can also affect 

the characteristics of the high frequency tympa-

nometry. Lack of gender effects on compen-

sated YPP and its effect on Y200 can be attri-

buted to the difference in compliance between 

tympanic membrane and ear canal in boys and 

girls. 
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Introduction 

A golden standard to check the function of the 

middle ear is myringotomy which evaluates 

middle ear cavity. Unfortunately, this method 

can only be performed under certain conditions, 

such as when middle ear effusion lasts [1]. 

Another test is the transient evoked otoacoustic 

emission (TEOAE) which is sensitive to middle 
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ear abnormalities. Therefore, if a person has this 

disorder, and cannot pass myringotomy, to det-

ermine the normal function of the middle ear, 

TEOAE test can be a good substitute [2]. The-

refore, in studies on normative high frequency 

tympanometry, neonates are studied who passed 

TEOAE test [3]. One of the limitations of the 

TEOAE test is elimination in moderate and hig-

her sensory hearing losses (SNHL). Therefore, 

in this group of people, TEOAE test cannot be 

used to evaluate the middle ear abnormalities 

[4]. Note that passing on the TEOAE is not a 

golden standard in assessing the normal func-

tion of the middle ear of infants and adults, 

because TEOAE has been seen in some cases 

with middle ear disorders [1]. 

Middle ear of neonates is mass-dominant while 

middle ear of adults is stiffness-dominant. Also, 

low frequency probe tones are suitable for tes-

ting of high-stiffness system while high frequ-

ency probe tones are suitable for testing of high-

mass system. Thus by increasing the frequency 

of the probe tone from 226 Hz to 1000 Hz,  

the anomalies of the middle ear can be detected 

better (For example, otitis media that is com-

mon in infants) [5-7]. Research shows that using 

low frequency probe tones for recording of tym-

panograms leads to higher false-negative respo-

nses, indicating low sensitivity for diagnosis of 

middle ear abnormalities of neonates [6,8,9]. 

The external ear canal wall has a resonance of 

about 0.3 kHz, which can change the volume of 

the ear canal. This finding suggests that the 

external ear canal wall of the neonates may 

show oscillatory behavior, that may affect the 

results if the tympanometry is performed with a 

226-Hz probe tone [10]. 

Several reports suggest that children under six 

months, even with middle ear discharge, may 

have normal tympanograms with a 226-Hz 

probe tone, or may even have abnormal tym-

panograms in their healthy ears. Also after using 

the 226-Hz probe, it is not possible to correctly 

obtain the thresholds of acoustic reflex in this 

age group. Therefore, using tympanograms obt-

ained by the 226-Hz probe tone yields unre-

liable results for the assessment of the middle 

ears of infants less than six months old 

[5,6,8,11]. In addition, conventional tympano-

metry (226 Hz) produces different shapes of 

tympanograms in infants compared to adults 

and older children [5,12,13]. The reasons for 

this abnormal tympanogram with a 226-Hz 

probe tone in infants are as follows: 1) inflation 

of ear canal walls, 2) excessive eardrum mobi-

lity, and 3) growth changes of the ear [7]. 

In neonates, to interpret the immittance results 

with a 1000-Hz probe tone, the age, sex, and 

weight have a significant effect on the characte-

ristics of these tympanograms. Therefore, it is 

imperative to consider these criteria in obtaining 

tympanometric 1000 Hz norms [1,6,14]. Accor-

ding to previous studies in the field of multi-

frequency tympanometry, the effect of age, gen-

der and ear are unclear; also there is no data 

about the effect of the infant weight. An article 

points to the effects of age and gender [15] but 

some studies reject these effects [16-19]. How-

ever, there are studies that refer to ear effect 

[1,20], for example there is an article that denies 

this effect [21]. 

Considering the different results of previous stu-

dies, this study aimed to investigate the effects 

of age, sex, ear (right and left) and weight fac-

tors on high frequency tympanometry (1000 Hz) 

characteristics in neonates with normal TEOAE. 

 

Methods 

Testing was performed by a clinical audiologist, 

assisted by master of audiology who had exten-

sive training in TEOAE and immittance mea-

sures. The participants were tested individually 

in the presence of their parents in a quiet non-

sound-treated room. TEOAE was given to 297 

infants who were born at Fatemi Hospital in 

Hamadan. A total of 255 neonates (136 boys 

and 119 girls) between the ages of 1-90 days 

(mean=11.3, SD=13.15 days) and weight range 

of 1870-7250 gram (Mean=3432, SD=750.42 g) 

were studied. These neonates had a normal 

TEOAE at least in one of their ears. A total of 

471 ears with normal TEOAE (231 right ears 

and 240 left ears) were studied to measure cha-

racteristics of 1000 Hz tympanometry. Charac-

teristics of 1000 Hz tympanometry include the 

compensated admittance in the middle ear 
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pressure (YPP) and the admittance at a pressure 

of 200 daPa (Y200). Medical and parental 

permissions were obtained before testing. All 

participants were full-term babies (38-42 week 

gestation) with an uneventful birth history and 

free from any pre-existing condition or a 

decisive history of risk factors, predisposing the 

individual to hearing loss. Medical records 

included the following risk factors for SNHL 

identified in Joint Committee on Infant Hearing 

(JCIH) (2000). 1) Family history of genetic hea-

ring loss, 2) Intrauterine infection, 3) Cranio-

facial anomaly, 4) Birth weight less than 1500 

g, 5) Hyperbilirubinemia requiring exchange 

transfusion, 6) Bacterial meningitis, 7) Admini-

stration of ototoxic drug, 8) Apgar scores less 

than 4, 9) History of assisted ventilation, and 

10) Clinical features associated with conductive 

hearing loss (CHL) or SNHL [22]. 

The inclusion criterion for infants was their age 

(between 1 to 3 months old). Otoscopic inspec-

tion of the external auditory canal was perfor-

med to select the appropriate probe size and 

check the physical abnormalities of the outer 

ear. A GSI Tympstar Middle-Ear Analyzer 

(Grason-Stadler Inc, USA) was used to record 

the immittance measures. To record the tympa-

nogram, the 1000-Hz probe tone was selected at 

a pressure range of +200 to -400 daPa and the 

pump speed of 50 daPa/s. The TEOAE test was 

measured by MICO (Maico Company, Berlin, 

Germany). Every day before the test, the device 

was calibrated in a 2 mL coupler. The intensity 

of 83 dB SPL and rate of 50 Hz were used to 

measure TEOAE. The test time was 1 to 3 

minutes. The signal-to-noise ratio of 6 dB was 

selected as the acceptance criterion in the 

TEOAE test. 

Nomination of the type of tympanograms (one-

peak or two-peak) is determined by the appea-

rance of tympanograms and the presence or 

absence of notch at the peak of tympanograms 

(middle ear pressure). So, at two-peak tympano-

grams a notch is seen at peak of tympanograms. 

Data were analyzed using SPSS 23. Descriptive 

statistics such as mean and standard deviation 

ere used to describe the data. The Kolmogorov-

Smirnov test was used to assess the normality of 

the data. In this study, the Independent samples 

t-test was used to examine the gender effect on 

tympanometric characteristics of 1000-Hz probe 

tone. The Pearson correlation test was used to 

determine the correlation of age and weight with 

tympanometric characteristics of 1000-Hz probe 

tone. Also paired sample t test was used to 

examine the ear effect. 

 

Results 

In this study, two types of one-peak and two-

peak tympanograms were obtained using 1000-

Hz probe tone from neonates with normal 

TEOAE. Regarding the right ears, 99.6% of  

the tympanograms were one-peak and 0.4% of 

them were two-peak. In the left ears, 98.4% of 

the tympanograms were one-peak and 1.6%  

of them two-peak (Fig. 1). Out of 471 ears, 466 

ears (99%) had one-peak tympanograms and 5 

ears (1%) had two-peak tympanograms. Based 

on the tests, 95th and 5th percentiles of YPP 

obtained from right ears of 231 infants with 

normal TEOAE were respectively 1.95 and 0.3 

mmho. This indicates that in the right ear of 

90% of infants, the YPP values were between 

0.3 and 1.95 mmho. Also, 95th and 5th percen-

tiles of YPP were obtained from the left ear of 

240 infants with normal TEOAE, which were 

respectively 1.9 and 0.3 mmho. This indicates 

that in the left ear of 90% of infants, the YPP 

values were between 0.3 and 1.9 mmho. Gene-

rally, the compensated YPP values range from 

0.3 to 1.9 mmho for both ears. In the absence of 

ear effect, Fig. 2 represents the 90% range for 

uncompensated YPP and Y200 of 471 ears used 

for describing normative tympanometric data. 

The mean of compensated YPP and Y200 in  

the right ears with normal TEOAE were 0.97 

and 2.07 mmho, respectively and in the left ears 

as 0.98 and 2.05 mmho, respectively. With 

regard to right ears, there is no significant 

difference between YPP of girls (mean=0.9, 

SD=0.44 mmho) and boys (mean=1.0, SD=0.52 

mmho), (p>0.05). Also regarding the left ears, 

there was no significant difference between 

YPP of girls (mean=0.9, SD=0.51 mmho) and 

boys (mean=1.0, SD=0.55 mmho), (p>0.05). 

Regarding the right ears, Y200 values were 
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significantly higher for boys (mean=2.1, SD= 

0.49 mmho) compared to the girls (mean=1.9, 

SD=0.40 mmho), (p<0.001). Also regarding the 

left ears, Y200 values were significantly higher 

for boys (mean=2.1, SD=0.53 mmho) compared 

to the girls (mean=1.9, SD=0.41 mmho), 

(p=0.037). 

A linear relationship was observed between age 

and YPP. We found a Pearson correlation of 

0.143 (p=0.033) (2-sided) for right ears and 

Pearson correlation of 0.175 (p=0.006) for left 

ears. Also a linear relationship was observed 

between age and Y200. We found a Pearson 

correlation of 0.171 (p=0.009) for right ears and 

Pearson correlation of 0.202 (p=0.002) for left 

ears. 

A linear relationship was observed between 

weight and YPP. We found a Pearson corre-

lation of 0.139 (p=0.035) for right ears and 

Pearson correlation of 0.205 (p=0.001) for left 

ears. Also A linear relationship was observed 

between weight and Y200. We found a Pearson 

correlation of 0.288 (p<0.001) for right ears and 

Pearson correlation of 0.255 (p<0.001) for left 

ears. 

To examine the ear effect, 216 neonates (115 

boys and 101 girls) who had normal TEOAE in 

both ears were studied. Statistical analysis was 

conducted to compare the YPP and Y200 values 

of right and left ears. Based on the results, there 

was no significant difference between the YPP 

and Y200 regarding the right and left ears 

(p>0.05). 

 

Discussion 

In the present study, 90% of the compensated 

YPP values ranged between 0.3 and 1.9 mmho, 

which is consistent with the study findings of 

Shahnaz et al. [21] and Kei et al. [1]. In Shahnaz 

et al. study, 1000-Hz probe tone tympanometry 

was performed on 32-week old neonates and 

90% of the compensated YPP range was rep-

orted to be around 0.1-1.5 mmho. Also, in Kei 

et al. study, which evaluated neonates aged from 

one to six days, these values ranged from 0.29 

to 0.39 mmho. However, in Margolis et al. 

Fig. 1. Types of tympanograms at the right and left ears of all neonates. 
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study [23], 65 neonates up to four weeks old 

were studied by 1000-Hz probe tone tympan-

ometry and 90% of the YPP values were bet-

ween 0.6 and 4.3 mmho. The reason for this 

difference can be attributed to the difference in 

calculating compensated YPP values. Because 

in our study, the compensated YPP was 

calculated from the pressure of +200 daPa, but 

in the study of Margolis et al., the used pressure 

in the calculation of compensated YPP values 

was -400 daPa. 

In the present study the results of TEOAE test 

were normal in neonates with two-peak tym-

panograms, so in neonates under the age of 

three months, two-peak tympanograms, such as 

one-peak tympanograms, indicate the normal 

function of the middle ear. This finding is con-

sistent with Swanepoel de et al. study [6]. In 

their study, 278 neonates were evaluated with 

1000-Hz probe tone admittance. They observed 

that 94% of the 16 ears who had two-peak tym-

panogram, passed in the distortion product oto-

acoustic emissions (DPOAE) screening test. 

The reason for observing two-peak tympano-

grams in neonates with normal TEOAE can be 

due to increased middle ear stiffness in older 

neonates. Because at the time of birth, the outer 

portion of the ear canal is relatively loose and 

fallen, and a half of the inner portion of the 

external ear canal is ossified in the first year of 

birth [5]. 

For better statistical analysis, the results were 

obtained by grouping the right and left ears. In 

the present study, there was no significant dif-

ference between right and left ears. This finding 

is consistent with the findings of Shahnaz et al. 

study [21] and contrasts with those of Dessai et 

al. study [20]. This difference could be due to 

different sample sizes (216 ears in the present 

study compared to 60 ears studied in the Dessai 

et al.). Since the values of the real ear to coupler 

difference (RECD) are also affected by the fea-

tures of the middle ear and external ear canal 

[24]; therefore, to compare the difference bet-

ween the right and left ears, the obtained RECD 

values from two ears can be compared. In the 
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Fig. 2. Normative tympanometric values from 1 kHz tympanograms obtained from neonates. 
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study of Munro and Howlin, it was found that 

the RECD obtained from the right and left ear 

did not differ significantly [25]. Thus, their 

study can also confirm that the compensated 

YPP and Y200 values are not affected by right 

or left ear. 

In the study of de Moraes et al., middle ear and 

external ear canal admittance were obtained in 

neonates up to 3 months old using 226-Hz and 

1000-Hz probe tones [26]. The findings suggest 

that by changing the frequency of probe tone 

from 226 Hz to 1000 Hz, compensated YPP 

values increased from 0.51 to 1.2 mmho and 

Y200 values from 0.64 to 2.59 mmho. As can 

be seen, by changing the frequency of the probe, 

the Y200 value changes are much more than 

compensated YPP (due to the high compliance 

of the ear canal relative to the eardrum). Assu-

ming a high volume of the ear canal and middle 

ear cavity of boys compared to girls [27], it is 

possible to justify the greater effect of gender on 

Y200 than compensated YPP values using a 

1000-Hz probe tones. Maybe for this reason in 

our study, gender has no significant effect on 

compensated YPP values, but Y200 has shown 

significant differences between boys and girls. 

This finding is consistent with Roush et al. [28] 

results. They found that gender had no effect on 

compensated YPP values in 88 neonates with a 

mean age of 5.2 months. Kei et al. evaluated 

Y200 and YPP compensated values in 122 

infants aged one to six days [1]. According to 

the report, gender had no significant effect on 

Y200 and YPP. The reason for the lack of 

gender effects on Y200 values is the low birth 

age of infants compared to the samples in our 

study. In the study of Hanks and Rose, gender 

had no significant effect on compensated YPP 

and Y200 [19]. In our study, the reason for the 

lack of gender effects on the Y200 can be 

attributed to the use of 226-Hz probe tone in 

immittance evaluation. 

It was also observed that in both ears, with inc-

reasing age and weight, the compensated YPP 

and Y200 values obtained with the 1000-Hz 

probe tone also increased. This finding is con-

sistent with Roush et al. [28], Keefe and Levi 

[7], and Mazlan et al. [14] findings. Increased 

compensated YPP and Y200 with age can be 

due to the growth of the infant's ear. In par-

ticular, changes in the volume of the outer ear 

and middle ear cavity are high in the first year 

of life. Although the increase in the volume of 

the outer and the middle ear increases the com-

pensated YPP and Y200 values, but as the baby 

grows older the reduction in mass (increase in 

stiffness) of the ear canal and middle ear has 

greater effect on these values [29]. To further 

discuss about the effect of age, we can refer to 

the study of Palva et al. The results of this study 

indicate that volume of mastoid antrum at birth 

is 1 to 1.5 cm3, and mastoid cells grow to an 

average of 1 to 1.2 cm3 each year up to the age 

of six [30]. Also, after the birth, the length and 

diameter of the Eustachian tube increases. Since 

the Eustachian tube connects the middle ear 

space to the nasopharynx [31], increasing the 

volume of the Eustachian tube can increase the 

volume of the middle ear. A study of weight 

effect can also be found in Judipour et al., [32]. 

This study was performed on 1712 newborn 

infants and the results indicate a positive linear 

correlation between neonate weight and head 

circumference (p<0.001). Accordingly, the wei-

ght effect on compensated YPP and the Y200 

values can be attributed to an increase in the 

volume of the external ear canal and middle ear. 

Because of excessive fluid accumulation in the 

brain of people with hydrocephalus, they have a 

larger head circumference [33]. Therefore, to 

study the effect of weight on tympanometric 

characteristics, in the present study, all new-

borns lacked any criteria for hydrocephalus 

[34]. 

 

Conclusion 

In both ears, gender had no significant effect on 

YPP values (p>0.05), but Y200 values in the 

girls and boys group were significantly dif-

ferent, which can be explained by the difference 

between the compliance of eardrum and exter-

nal ear canal. However, the ear type (right/left) 

has no effect on compensated YPP and Y200 

values. There was also a linear relationship bet-

ween age and weight with compensated YPP 

and Y200 values, so that compensated YPP and 



M. Bolandi Shirejini et al.                                                                                                                                      78 

http://avr.tums.ac.ir                                                                                             Aud Vest Res (2018);27(2):72-79. 

Y200 increased with increasing weight and age. 

It can be said that age and weight with their 

influences on the impedance and physical pro-

perties of the eardrum and ear canal, affect the 

high frequency tympanometry characteristics. 
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