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BACKGROUND/AIMS
Otitis media with effusion (OME) is a major health issue worldwide. Although it is difficult to consider any quantitative measurement in
particular to be a herald of clinical recovery in OME, this study aimed to determine the role of tympanometric quantitative values, especially gradient (GR) and acoustic reflex (AR), in patients with OME who are approaching the full healing stage.
MATERIAL and METHODS
Based on the tympanic membrane findings, participants were divided into 2 groups: (A) minimal retraction group and (B) normal group.
For each group, the tympanometric quantitative measurements (static compliance [SC], tympanometric peak pressure [TPP], GR, and
AR) were obtained and compared statistically. In addition, the relationship of AR with tympanometric quantitative measurements was
compared statistically.
RESULTS
The mean GR values in group A (n=66) and group B (n=73) were 157.06±92.85 daPa and 103.60±28.51 daPa, respectively (P=.001). Although
no significant difference was found with respect to AR, statistically significant differences were observed with respect to TPP between
the 2 groups.
CONCLUSION
In contrast to AR, GR and TPP values were consistent with the examination findings of the tympanic membrane observed in patients
with resolved OME progressing to the full healing stage. Thus, these 2 tympanometric quantitative measurements are beneficial for the
diagnosis and follow-up of patients with OME.
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INTRODUCTION
Otitis media with effusion (OME) is defined as the presence of fluid in the middle ear without signs or symptoms of an
acute ear infection. The tympanic membrane is often cloudy with distinctly impaired mobility, and an air-fluid level or
bubble may be visible in the middle ear (1). OME may occur during an upper respiratory infection, spontaneously because
of poor Eustachian tube function, or as an inflammatory response following acute otitis media (2). Pneumatic otoscopy
has been recommended as the primary method for diagnosing OME because reduced tympanic membrane mobility
correlates most closely with the presence of fluid in the middle ear (3). When the diagnosis of OME is uncertain, tympanometry or acoustic reflectometry should be considered as an adjunct to pneumatic otoscopy. Tympanometry with a
standard 226-Hz probe tone is reliable for infants 4 months or older and has a good interobserver agreement of curve
patterns in routine clinical practice (4). The acoustic reflex (AR) is an involuntary muscle contraction that occurs in the
middle ear in response to high-intensity sound stimuli or when the person starts to vocalize. If there is hearing loss, either
conductive or sensorineural, of 65 dB hearing level (HL) or greater in the stimulated ear, the reflex will likely be absent (5).
The quantification of tympanometric measurements facilitates the development of appropriate standards for comparing
tympanometric data among clinics. These measurements include static compliance (SC), volume of external ear canal,
tympanometric gradient (GR), and tympanometric peak pressure (TPP) (6).
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This study aimed to evaluate whether the otoscopic examination findings are consistent with quantitative tympanometric
parameters (especially GR) and AR in patients who had a tympanogram peak in the negative range after a recent history of
OME. The study also discusses the role of the quantitative tympanometric parameters (especially GR) and AR as heralds of
the healing process in patients with OME.
MATERIALS and METHODS
Enrollment and Study Design
This study enrolled patients who met the study criteria, from
January 2017 to March 2019, after approval of the institutional
review board. In this retrospective case-control study, patient
consent form was not required. Patients aged between 4 and
14 years and with a recent history of OME with a negative
peak at tympanogram were included in the study. Patients who
had a pure-tone average (500 Hz, 1000 Hz, 2000 Hz, and 3000
Hz) worse than 25 dB of HL, difficulty in obtaining the hearing
thresholds, advanced tympanic membrane retraction, middle
ear effusion, or neurological and craniofacial anomalies were
excluded from the study. Pneumatic otoscopy was performed to
exclude fluid in the middle ear and to determine if there was a
tympanic membrane retraction.
After the inclusion of patients into the study, 2 groups were
created according to tympanic membrane findings. The examination of the tympanic membrane was carried out using
Barr’s classifications (7), in which the tympanic membrane was
divided into areas including anterior to the manubrium malleus (I), posterior superior to the manubrium malleus (II upper),
and posterior inferior to the manubrium malleus (II lower) and
attic (III). The touching of the eardrum with incus and head of
malleus was graded as a first degree (slight) retraction in all
areas except in II lower in which first degree (slight) retraction
was described as an eardrum dislocated inward without connection of promontory. Patients with normal eardrums were included in group B, whereas patients who had the first-degree
retraction either throughout the eardrum or in any subregion
were included in group A. The quantitative tympanometric
parameters were noticed in addition to AR through an imMain Points:
•

•

•

•

This study was designed to investigate the importance
of quantitative tympanometric findings in estimating the
prognosis of OME. Particularly, the study of AR in the selected patients was a new entity.
Although it is well known that tympanometric quantitative values (eg, GR, TPP) are the most discussed topics of
OME, in this study, we tried to ascertain whether GR and
AR have a prognostic value.
Patients with OME who progressed to either full or
near-recovery stage were divided into 2 groups, and the
tympanometric values were evaluated, especially the
GR and AR between these groups.
On the basis of the results, it can be concluded that obtaining AR is mostly related to a good GR value and that
GR is a valuable parameter in predicting the prognosis of
OME.
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pedance audiometer with a 226-Hz probe tone (AT235, Interacoustics, Denmark). GR may be calculated in 2 measurement
units, milliliter and daPa. GR described as the tympanogram
width at half the height of the peak of the SC was shown with
pressure in this study. At any frequency, obtaining an ipsilateral AR was accepted as AR positivity. Tympanometric values
(TPP, SC, and GR) and AR of patients in each group were compared statistically.
Statistical Analysis
The values obtained were entered into a computer-based
spreadsheet and the data analyses were carried out using
the SPSS software for Windows version 9.0; a P value of ≤.05
was considered significant. The quantitative tympanometric
data in both the groups were compared with the independent
t test, whereas the AR differences were compared with the chisquare test.
RESULTS
The mean age of the 89 patients who enrolled in the study was
9.17±2.26 years; 45 were girls (mean age, 8.38±1.65 years) and 44
were boys (mean age, 10.00±2.55 years). In 50 of the 89 patients,
both ears were included in the study. A total of 139 tympanometric measurements were obtained from 89 patients, of which 66
were in group A (abnormal tympanic membrane) and 73 were
in group B (normal tympanic membrane).
The mean SC was 0.54±0.33 mL in group A and 0.55±0.32 mL
in group B (p=.45). The mean values of TPP were −129.33±77.48
daPa and −38.64±57.98 daPa (p=.001) in group A and group B,
respectively, and the mean values of GR were 157.06±92.85 daPa
and 103.60±28.51 daPa (p=.001) in group A and group B, respectively.
Within the 139 measurements, AR was obtained in 65 measurements (46.8%); however, it was not detected in the remaining
74 measurements (53.2%). The mean GR of the measurements
in cases with AR positivity was 114.20±59.99 daPa, whereas the
mean GR of the measurements in cases with AR negativity
was 141.97±79.46 daPa (p=.001). In group A, 32 out of 66 measurements (48.5%) of AR were positive, and in group B, 33 out
of 73 measurements (45.2%) of AR were positive (p=.44). The
relationship between AR and tympanometric quantitative parameters is shown in Table 1 for both groups individually and
combined.
DISCUSSION
Tympanometry provides an objective assessment of tympanic
membrane mobility, Eustachian tube function, and middle ear
function by measuring the amount of sound energy reflected back when a small probe is placed in the ear canal (8,9).
Tympanometric curves, or tracings, are classified into 3 main
types—type A (low probability of effusion) with a sharp peak
and normal middle ear pressure, type B (high probability of effusion) with no discernible peak and a flat tracing, and type
C (Eustachian tube dysfunction/middle ear pathology) with a
discernible peak and negative middle ear pressure (10). In addition to these tympanometric curves, quantitative parameters
of tympanometry give valuable information about the condition of the middle ear and eardrum. TPP is the ear canal pressure at which the peak of the tympanogram occurs. The peak
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TABLE 1. Relationship between AR and tympanometric quantitative parameters in group A and group B, both individually and combined
SC

TPP

GR

AR-positive measurements (n=65)

0.56±0.28

−77.43±92.96

114.20±59.99

AR-negative measurements (n=74)

0.53±0.36

−85.45±70.42

141.97±79.46

.25

.15

.001

AR-positive measurements in group A (n=32)

0.64±0.36

−112.87±91.21

127.25±78.12

AR-negative measurements in group A (n=34)

0.45±0.27

−144.82±59.15

185.11±97.85

.012

.025

.001

AR-positive measurements in group B (n=33)

0.48±0.13

−43.06±82.14

101.54±30.82

AR-negative measurements in group B (n=40)

0.61±0.41

−35.00±25.29

105.30±26.74

.025

.15

.39

P value

P value

P value
AR: acoustic reflex; GR: gradient; SC: static compliance; TPP: tympanometric peak pressure.

at or less from −100 daPa indicates a type C curve. The SC is
the length of the vertical peak of the tympanic tracing that can
be obtained by extraction of the external ear volume from the
total volume. The height decreases when the SC is abnormally low, which occurs when there is stiffness in the middle ear,
and it is associated with disorders such as ossicular chain fixation, cholesteatoma, otosclerosis, and fluid in the middle ear,
the latter being the most common cause in children (11). In this
study, the TPP values of the 2 groups were in accordance with
the examination findings of the eardrums. As expected, there
was no difference in SC between the groups, and this result
was associated with the minimal retraction of the eardrum
without a decrease in middle ear volume. Therefore, it could
be concluded that TPP is more descriptive than SC during the
recovery stage of OME.
GR describes the sharpness of the tympanogram peak. This
calculation was popularized when it was observed that tympanograms frequently were broadly rounded in ears with
OME. Duzer et al. (12) described that GR value, which was
measured as a unit of milliliter, was an accessory diagnostic
parameter in addition to the TPP and SC values in patients
with OME. Nozza et al. (13, 14) conducted studies in participants
who were between the ages of 3 and 16 years and presented
with the mean value of GR of 104 daPa (ranging between 60
and 168 daPa). Unlike the study conducted by Duzer et al, GR
was calculated as a unit of daPa in this study; the difference of
GR between the 2 groups was so significant that the mean GR
value was 157.06±92.85 daPa and 103.60±28.51 daPa in groups
A and B, respectively. Both GR and TPP were revealed hitherto
the 2 most important measurements to determine if an OME
was in the recovery period.
AR measurement requires relatively healthy tympanic membrane, middle ear ossicles, and HL. In addition, the healthy neural way of reflex arc is important in obtaining AR, which extends
from the cochlear nerve to the stapedial branch of the facial
nerve (5). A positive AR is quite common in individuals with normal HL (15). When all cases were separated into 2 subgroups on
the basis of AR positivity, no statistically significant differences
were observed in the values of SC and TPP; however, significant
differences were observed in the 2 groups in GR. As depicted in
Table 1, there was a statistically significant difference between
the cases with positive AR and negative AR when a compari-
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son was performed on the basis of the 3 parameters (SC, TPP,
and GR) in group A. In group B, the statistical difference of SC
between the cases described as positive AR and negative AR
was significant, whereas the other 2 parameters were not; however, SC was unreasonably higher in patients without reflexes.
In group B, the pattern of TPP values between the cases with
positive AR and negative AR was similar to the pattern of SC
values, but gradient was higher in AR-negative patients as expected. According to those beforementioned results, which are
also briefed in Table 1, it may be logical to think that GR is more
effective in creating AR than other parameters.
Marchant et al. (16) conducted a prospective study in which AR
thresholds were high in patients with OME. In another study,
AR was observed to be less sensitive to acute otitis media than
OME and using AR in the diagnosis of OME was valuable in addition to pneumatic otoscopy (17). When the 2 groups (A and B)
were compared for the presence and absence of AR, there was
no difference between the groups, and sufficiently positive AR
could not be obtained in group B as expected. This could be explained by the presence of subclinical middle ear inflammation
in group B even with normal tympanic membrane. In addition,
not only a healthy ear but also the whole pathways of reflex arc
have to be intact to obtain an AR. Even if the reflex did not show
a prognostic value, further studies with broad participation are
required to determine its role in OME given that in this study,
the cases with positive AR of group B had better GR value than
those who had no reflex.
In conclusion, GR and TPP, together, are reliable tympanometric
quantitative parameters in the diagnosis and follow-up of patients with OME who are progressing to the full recovery stage.
There is no prognostic value of AR for patients with type C tympanograms with minimal tympanic membrane retraction during
the healing stage of OME. However, to fully demonstrate the
role of AR during the healing stage of OME, prospective studies
with a control group are needed. AR positivity depends on many
factors; as discussed in this study, the value of GR is the most
prominent determinant in obtaining AR. Using GR is important
for patients with OME who progress to complete healing.
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