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Abstract

Objective: To compare intact and diseased ears for Eus-
tachian tube (ET) length and width in patients with uni-
lateral chronic otitis media (COM), and to assess the rela-
tionship between cholesteatoma spread, stapes erosion, 
lateral semicircular canal (LSCC) fistula and ET width and 
length retrospectively.

Methods: Subjects with unilateral COM (122 subjects 
with 244 ears) who underwent surgery for cholesteatoma 
were evaluated retrospectively for this study. The width 
of the distal orifice of the bony segment and the length 
of the bony segment of the ET for both the diseased and 
healthy ear were measured. Subjects’ healthy and dis-
eased ears were compared for ET length and width. The 
diseased sides were compared to assess the relationship 
between ET dimensions and cholesteatoma spread, sta-
pes erosion and LSCC fistula.

Results: The mean ET length and width in healthy and 
diseased ears was 11.38±1.7 and 1.43±0.37 mm, and 
10.99±1.6 and 1.27±0.35 mm, respectively; the differ-
ence was statistically significant (p<0.001). No signifi-
cant differences were found in terms of ET length and 
width between the subjects with and without stapes 
erosion and LSCC fistula (p=0.765, p=0.573, and p=0.436, 
p=0.790, respectively). No significant relation was found 
between cholesteatoma spread and ET length and width 
(p=0.647).

Conclusion: ET dysfunction is frequently associated with 
COM. Chronic otitis media with cholesteatoma is signif-
icantly related to ET length and width. Measurement of 
ET length and width in CT scans is a basic method that 
can be used in clinical practice.

Keywords: Cholesteatoma, eustachian tube, multidetec-
tor computed tomography.
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Introduction
Chronic otitis media (COM) is defined as inflammation of 
the middle ear and mastoid cavity that does not heal for at 
least three months, accompanied by tympanic membrane 
perforation and hearing loss.[1] As a multifactorial disease, 
one of the most argued causes in the pathogenesis of COM 
is Eustachian tube (ET) dysfunction.[2-4]

The major causes of ET dysfunction are septum devia-
tion, nasal polyps, adenoid vegetation, concha hypertrophy, 
velopharyngeal insufficiency, cleft palate, nasal synechiae 
and ciliary dyskinesia syndromes such as Kartagener’s syn-
drome.[5] Regardless of the etiology, ET dysfunction has 
been shown to be a major cause in the development of cho-
lesteatoma.[6-8] Measurement of the length of the bony part 
of the ET and the distal orifice diameter are important for 
evaluating the anatomic structure of ETs.

The aim of the present study was to compare the length 
and width of ETs of diseased ears with healthy ears of the 
same subjects, and to determine the role of ET size and 
width differences in the pathogenesis of COM with chole-
steatoma. The present study also investigated the relation-
ship between ET dimensions and cholesteatoma spread, 
stapes erosion and lateral semicircular canal (LSCC) fis-
tula.

Materials and Methods
The present study was performed at a tertiary referral 
hospital between 2015 and 2018. The study protocol was 
approved by the Ethics Committee of the Bakırköy Dr. 
Sadi Konuk Training and Research Hospital (protocol no: 
2018/99). Since our study was retrospective, and the data 
were taken from patient files, no informed c onsent w as 
obtained from the patients. Subjects with unilateral COM 
who underwent surgery (radical or modified radical mas-
toidectomy) for cholesteatoma were retrospectively evalu-
ated for the study. Subjects who were diagnosed as having a 
cholesteatoma according to the final histopathological ex-
amination, and subjects with accessible preoperative audi-
ological assessments, preoperative computed tomography 
(CT) scans and operation notes were enrolled in the study. 
Subjects who had undergone previous ear and nasal sur-
gery, subjects with a disease that would impair mucociliary 
clearance (e.g., allergic rhinitis, nasal polyps and immotile 
cilia), subjects with craniofacial and/or otologic anomalies, 
and those with congenital cholesteatoma were excluded 
from the study.

Multidetector CT (MDCT) examinations were per-

formed using a 128-slice MDCT scanner (SOMATOM 
Volume Zoom, Siemens Medical Solutions, Berlin, Ger-
many) with the following parameters: slice thickness 0.5 
mm and image interval 0.5 mm, with a bone algorithm. 
No contrast material was injected. The multiplanar re-
construction (MPR) technique was used to reconstruct 
images parallel and perpendicular to the long ET axis. 
The basal turn of the cochlea and internal acoustic canal 
was used for standardization during the reconstruction 
of MPR images as a reference structure. All images were 
transferred and measured at the Leonardo Workstation 
(Syngo MMWPVE52A software, Siemens, Germany) on 
axial plane images. Measurements were collected by one 
radiologist with ten years of experience in radiology in 
order to exclude person to person variation. The tympan-
ic orifice and fibrocartilaginous junction of the ET were 
observed in sections perpendicular to the long axis of the 
ET in both axial and coronal slices. The length of the ET 
was measured as the distance from the tympanic orifice to 
the fibrocartilaginous junction. The narrowest zone of the 
ET was measured at the bony-fibrocartilaginous junction. 
Subjects’ healthy and diseased ears were compared for ET 
length and width (Figure 1-2).

The diseased sides were compared to assess the relation-
ship between ET dimensions and cholesteatoma spread, 
stapes erosion and LSCC fistula. Cholesteatoma 
spread was evaluated by considering the operation 
reports, preoperative CT and preoperative examination 
notes. Cholesteatoma spread was classified as follows: 
attic, attic+antrum, mesotympanum+hypotympanum, 
mesotympanium+hypotympanum+antrum and affecting 
all pneumatic parts of the mastoid bone. The ET 
length and width were also compared between the 
subjects with/without stapes bone erosion and with/
without LSCC fistula.

Figure 1. Measurement of ET length in axial-oblique CT images 
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t-test. Kruskal-Wallis test was used to compare two inde-
pendent variables with non-normal distribution. One-way
analysis of variance (ANOVA) was used to compare two in-
dependent variables with a normal distribution. Wilcoxon
test was used for two variables that did not show depend-
ency and normal distribution. Paired-samples t-test was
used to compare two variables with dependent and normal
distribution fit. Assessment of diagnostic performance was
performed using receiver operating characteristics (ROC)
analysis. Chi-square test (or Fisher’s exact test at appropri-
ate locations) was used to examine the relationship between 
categorical variables. The confidence interval was 95% and
p values less than 0.05 were considered to be significant.

Results
A total of 122 subjects with 244 ears were evaluated ret-
rospectively. Sixty-seven (54.9%) out of 122 subjects were 
male and the remaining 55 (45.1%) were female. The 
mean age of the subjects was 32 ± 14.72 (range, 8-66) 
years. Twenty-eight (22.9%) of 122 subjects were pediat-
ric patients (<18 years). COM with cholesteatoma affected 
the right ear in 75 (61.5%) subjects and the left ear in 47 
(38.5%) subjects. 

In healthy ears, the mean ET length was 11.38±1.7 
(range, 7.14-16.1) mm, and mean ET width was 1.43±0.37 
(range, 0.78-2.3) mm. In diseased ears, the mean ET length 
was 10.99±1.6 (range, 6.6-14.71) mm and the mean ET 
width was 1.27±0.35 (range, 0.56-2.58) mm. ETs were sig-
nificantly longer and wider in healthy ears than in diseased 
ears (p<0.001 for both comparisons) (Figure 3).

Figure 3. Comparison of ET length and width between healthy and diseased ears

Figure 2. Measurement of ET orifice width in axial CT images

Statistical analysis
Statistical analyses were performed using MedCalc Statis-
tical Software version 12.7.7 (MedCalc Software bvba, Os-
tend, Belgium; http://www.medcalc.org; 2013). Along with 
descriptive statistical methods (mean, SD, median, mini-
mum, maximum), Mann-Whitney U test was used to com-
pare two independent and non-normal distribution vari-
ables. A comparison of the two independent and normal 
distribution fit variables was performed u sing Student’s 
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Cholesteatoma was in the attic in 9 (7.4) subjects, in 
the attic and antrum in 37 (30.3%), in mesotympanum and 
hypotympanum in 7 (5.7%), in the mesotympanum-hypo-
tympanum and antrum in 63 (51.6%), and all cells of the 
mastoid bone were affected in 6 (4.9%) subjects. No sig-
nificant relation was found between cholesteatoma spread 
and ET length and width (p=0.647, p=0.881, respectively). 

In the diseased ear of the subjects, 60.66% (n=74) had 
stapes erosion and 8.2% (n=10) had LSCC fistula. The 
ET length and width did not differ between subjects with/
without stapes erosion and subjects with/without LSCC 
fistula (p=0.765, p=0.573, and p=0.436, p=0.790, respec-
tively) (Table 1). Also, cut-off values were sought by cre-
ating ROC curves for ET lengths and widths of the dis-
eased ears of subjects with LSCC fistula and stapes erosion; 
however, there was no statistically significant result to be 
evaluated (p>0.05).

Discussion
The function of the ET was first recognized by Duvernay 
in 1683. [9] Duvernay reported that “the ET was neither 
an avenue for breathing nor of hearing, but one through 
which the air in the tympanum is renewed’’. Since then, 
ET dysfunction has been the most commonly argued eti-
ologic cause for COM. Our study compared ET lengths 
and widths between diseased and healthy ears of the same 
subjects. Our results demonstrated that healthy ears had a 
longer and wider ET structure, which was measured using 
CT scans of the subjects. We also evaluated the ET length 
and width according to cholesteatoma aggressiveness. In 
our study, cholesteatoma spread, stapes erosion and LSCC 
fistula were accepted as indicators for cholesteatoma ag-
gressiveness. However, no significant relation was found 
between ET length/width and cholesteatoma aggressive-
ness in the present study. 

Table 1. Evaluation of ET length and width according to cholesteatoma spread, condition of stapes and LSCC fistula

ET width (mm) 
Mean+SD 

Med. (Min.Max)
p value

ET length (mm) 
Mean+SD 

Med. (Min.Max)
p value

Cholesteatoma 
Spread

Attic (n=9, 7.38%)
1.22±0.3

1.1 (0.9-1.7)

0.881*

10.3±1.4
10.6 (8.1-11.8)

0.647*

Attic+Antrum (n=37, 30.33%)
1.32±0.3

1.3 (0.6-2.4)
11.1±1.6

11.2 (7.8-14.7)

Mesotympanum+Hypotympanum 
(n=7, 5.74%)

1.2±0.1
1.25 (1-1.5)

11.4±1.1
11.2 (9.4-12.8)

Mesotympanum+Hypotympanum+ 
Antrum (n=63, 51.64%)

1.25±0.4
1.26 (0.6-2.6)

10.9±1.6
10.8 (6.6-13.9)

Affecting all pneumatic parts of the 
mastoid bone (n=6, 4.92%)

1.24±0.3
1.22 (0.9-1.8)

10.9±2.2
11.2 (7.4-13.4)

Stapes Erosion

Absent (n=48, 39.4%)
1.28±0.3

1.28 (0.6-2.2)
0.573**

10.9±1.5
10.8 (6.6-13.9)

0.765**

Present (n=74, 60.66%)
1.26±0.4

1.25 (0.6-2.6)
11±1.7

11.1 (7.4-14.7)

LSCC Fistula

Absent (n=112, 91.8%)
1.27±0.3

1.26 (0.6-2.6)
0.790**

10.9±1.6
10.9 (6.6-14.7)

0.436**

Present (n=10, 8.2%)
1.28±0.5

1.27 (0.6-2.3)
11.4±1.3

11.7 (9.2-13.3)

*Kruskal-Wallis test **Mann-Whitney U test
(ET: Eustachian tube, Med: Median, mm:millimeter, Min: Minimum, Max: Maximum, LSCC: Lateral semicircular canal, SD: Standard Deviation)
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In the literature, ET structure (length, width and an-
gle) has been investigated in different studies. Dinç et al. [10] 
evaluated the ET angle and length of diseased and healthy 
ears of 125 subjects. Diseased ears were those with dif-
ferent kinds of chronic suppurative otitis media (CSOM) 
(retraction pockets, central perforation, tympanosclerosis 
and cholesteatoma). Their results indicated that ET angles 
were significantly more horizontal in ears with CSOM than 
in healthy ears. In a subgroup analysis, ET length was sig-
nificantly shorter in subjects with central perforations than 
in healthy ears or middle ears with tympanosclerosis. Sub-
jects with cholesteatoma also had a shorter ET length than 
subjects with retraction pockets. Paltura et al. [11] evaluated 
232 subjects with unilateral COM. The mean width of the 
ET isthmus was 19.47±0.52 mm for healthy ears and 17.88 
±0.53 mm for diseased ears, which showed a significant dif-
ference. Shim et al. [12] evaluated the cross-sectional area of 
the air space in the ET and compared the values between 
80 ears of 80 subjects with COM and 100 healthy ears of 
50 subjects. The mean cross-sectional ET airspace was sig-
nificantly smaller in subjects with COM than healthy ears. 
Also, subjects with poor postoperative aeration were found 
to have significantly smaller air space than healthy ears in 
that study.

Short ET length is also related to poor ET function 
in children. Doyle and Swarts evaluated the vector rela-
tionships between the ET, tensor veli palatini muscle and 
cranial base in 18 children and 20 adults. [13] ET length was 
found to be shorter in children, which was a cause for poor 
ET function. Takasaki et al. [14] demonstrated that short ET 
length affected tensor veli palatini muscle function neg-
atively. Age is a factor that affects ET measurements. In 
our study group, the age ranged between 8 and 66 years. 
Takasaki et al. reported that ET angle and ET length in-
creased commensurate with age. The values of the size and 
position of the ET in children aged 6 or 7 years or older 
are similar to those in adults.[15]

In contrast, some reports found no correlation of ET 
structure and COM. Habesoğlu et al. [16] evaluated ET an-
gles and mastoid aeration in 25 subjects with COM. They 
found a significant relationship between mastoid aeration 
and COM, but could not demonstrate a significant rela-
tionship between ET angles and COM. Hashimoto et al.
[17] evaluated the size (length, height and width) of the bony
segment of the ET in 20 subjects with middle ear chole-
steatoma and found no significant relation between COM
and cholesteatoma and the size of the ET bony segment.

Our study did not evaluate ET function. Although we 
examined a strictly defined study group by excluding fac-
tors that could affect ET function (e.g., previous nasal sur-
gery, allergic rhinitis, craniofacial abnormality), ET length 
and width alone may not reflect the complete ET function. 
However, related functional anatomy such as the relation 
of the ET with the tensor veli palatine muscle and other 
cranial base structures, as well as ET surface area, should 
be assessed through gross anatomic dissections and histo-
logic studies. There is a need for noninvasive techniques to 
clarify the relationship between the ET and the pathogen-
esis of COM. Measuring the length of the bony segment 
of the ET and the width of the isthmus is an easy method 
to use. Measurement methods of ET length and width are 
more reliable and may be applied easily by the physician.

An additional limitation of the present study was that 
the lower limit of normal values and the upper limit of 
pathologic values were not given separately for male and 
female subjects due to the high standard deviation and the 
low number of subjects. The absence of a pediatric patient 
group was also another limitation of the present study since 
comparing pediatric and adult patient groups in terms of 
ET width and length may provide a better understanding 
of the relationship between age and ET function.

Conclusion
The results of our study suggest that ET length and width 
are closely related to COM with cholesteatoma presence 
but not cholesteatoma aggressiveness. Measurement of ET 
length and width in CT scans is a basic method that can be 
used in clinical practice.
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