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Abstract Introduction High-resolution computed tomography (HRCT) scans of the temporal
bone are used to assess the bony erosion of the middle-ear structures whenever
cholesteatoma is suspected.
Objective To study the differences in HRCT Hounsfield unit (HU) indexmeasurements
of middle-ear bony structures between an ears with and without cholesteatoma.
Methods A retrospective study of 59 patients who underwent surgery due to
unilateral cholesteatoma. The HRCT HU index of the scutum, of three middle-ear
ossicles, of the lateral semicircular canal (LSCC), and of the fallopian canal was
measured in both ears. A comparison was made between the cholesteatoma and
the non-cholesteatomatous ear (control). All measurements were conducted by an
otolaryngologist. To assess the interobserver bias, 10% of the samples were randomly
and independently assessed by another otolaryngologist and a neuroradiologist who
were blinded.
Results The average HU index was lower in the ear with cholesteatoma when compared
with the non-cholesteatomatous ear. While the differences were statistically significant
regarding the measurements of the scutum (516.02� 311.693 versus 855.64� 389.999;
p¼0.001), the malleus (1049.44�481.765 versus 1413.47�313.376; p¼0.01), and the
incus (498.03� 264.184 versus 714.25�405.631; p¼ 0.001), the differences in the
measurements of the LSCC (1042.34�301.066 versus 1154.53�359.609; p¼0.69)
and of the fallopian canal (467.19�221.556 versus 543.51� 263.573; p¼0.108) were
not significantly different between both groups. The stapes was immeasurable in both
groups due to its small size.
Conclusion Hounsfield unit index measurements are a useful tool that may aid in the
diagnosis of early-stage cholesteatoma.
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Introduction

Cholesteatoma is a disease characterized by a slowlygrowing
epidermal cyst that is entrapped within the temporal bone
and secretes proteolytic and osteolytic enzymes.1 Most
frequently, it affects the middle-ear ossicles (specially the
incus),2 the tegmen tympani and tegmen mastoideum, the
semicircular canal(s) (most frequently the lateral semicircu-
lar canal, LSCC), and the tympanic segment of the fallopian
canal.3 The diagnosis is based on otoscopic findings, which
typically demonstrate a keratinizing epithelial invasion into
the middle-ear cleft.4 Prior to surgery, when devising the
surgical plan, preoperative diagnostic imaging studies are
performed to confirm the presence of cholesteatoma and
determine its extension. Such studies include a high-resolu-
tion computed tomography (HRCT) scan and a magnetic
resonance imaging (MRI) scan of the temporal bone.5

In most cases, HRCT is the imaging modality of choice.6

Another imaging modality that may be employed is the MRI,
which is better for characterizing soft tissue and detecting
intracranial complications.7 The typical findings of choles-
teatoma on an HRCTscan includemiddle-ear and/or mastoid
fullness with variable adjacent bony erosion of the scutum,
the middle-ear ossicles, the semicircular canal(s), the fallo-
pian canal, and the tegmen tympani/mastoideum.8 Tissue
radiodensity is measured with the Hounsfield unit (HU)
scale. The calculated value is a linear transformation of the
originalmeasurement of the linear attenuation coefficient, in
which the radiodensity of distilled water at standard pres-
sure and temperature is defined as zero.9 Each biological
tissue has its own unique HU property. For example, water
¼0, air¼-1,000, fat tissue¼ -120 to -90, muscle tissue¼þ35
to þ55, and the skull (bone)>þ200.

To date, there is no routine practice regarding the use of
HU measurements in otology. There are few studies on the
use of HU to differentiate cholesteatoma from other chronic
inflammatory tissues, but their results are conflicting. We
presume that the bony HU density index can be used as a
simple and feasible tool in the assessment of bony deminer-
alization caused bycholesteatoma. This can be very helpful in
determining the stage of the disease, its involvement, and
influence the decision regarding the surgery. In the present
study, wemeasured several bony sites commonly affected by
cholesteatoma in ears with the disease and compared them
to the contralateral non-cholesteatomatous ears to obtain
information regarding the changes in bony density caused by
cholesteatoma.

Materials and Methods

Objective
To examine if there are statistically significant differences in
the average HU measurements of the scutum, the three
middle-ear ossicles, the LSCC, and the fallopian canal of the
facial nerve in preoperative HRCT studies of patients present-
ing with unilateral cholesteatoma of the middle-ear cleft
(study group), in comparison to the same patients’ contralat-
eral non-cholesteatomatous (“healthy”) ear (control group).

Study Design
The present was a retrospective chart reviewwhich included
adult patients (> 18 years of age) who presented with
unilateral middle-ear cleft cholesteatoma (International
Classification of Diseases-9 [ICD-9] codes: 385.3 cholestea-
toma of middle ear and mastoid; 385.30 cholesteatoma
unspecified; 385.31 cholesteatoma of attic; 385.32 choles-
teatoma of middle ear; and 385.33 cholesteatoma of middle
ear andmastoid) and underwent any form ofmastoidectomy
(ICD-9 codes: 20.49 other mastoidectomy; 20.41 simple
mastoidectomy; 20.42 radical mastoidectomy; and 20.4
mastoidectomy).

Patients
The patients’ demographics, side of the affected ear, and
HRCTs were retrieved from the electronic medical records.

Inclusion Criteria

• Adult patients with unilateral cholesteatoma who under-
went mastoidectomy, with the surgeon’s intraoperative
description of the cholesteatoma and/or confirmation of
the cholesteatoma in the final pathological report.

• Patients with anatomically normal contralateral non-
cholesteatomatous (“healthy”) ear.

• Patients with preoperative HRCT images available for
inspection in our radiological archives.

Exclusion Criteria

• Patients who had previously undergone otological sur-
gery (except for ventilating tube insertion).

• Patients with congenital inner-ear anomalies (that is,
Mondini dysplasia, Michel aplasia, or enlarged vestibular
aqueduct).

• Patients with bilateral cholesteatoma.
• Patients lacking preoperative HRCT scans in our radiolog-

ical archives.

We initially retrieved 623 medical files of patients matching
the above ICD-9 codes between 2008 and 2018. Of them, 523
patients were excluded because they did not meet our
inclusion criteria. The remaining 100 eligible patients, diag-
nosed with unilateral suspected cholesteatoma prior to
surgery, were subjected to a further review. After reviewing
the HRCT scans of these patients, 41 patients were excluded
because the thickness of their HRCT slide failed to meet the
requirements (slide thickness>0.7mm); thus, 59 patients
composed the study group (►Fig. 1).

Measurements and Calculations
We performed repeated measurements of the HU index in
ears with cholesteatoma and compared them to those of the
contralateral non-cholesteatomatous (“healthy”) ear of the
same patient. All measurements were performed on a non-
contrast enhanced coronal HRCT scan of the temporal bone
(using two different scanners: one from GEMedical Systems,
Milwaukee, WI. US, and the other from Siemens, Munich,
Germany) with a slide thickness ranging from 0.5mm to
0.7mm. The HU index was measured in a coronal-plane
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HRCT scan of the temporal bone with the same slide thick-
ness after reconstruction.

For each ear, we performed 6 different measurements, at
the level of: 1) the scutum; 2) themalleolar head; 3) the long
process of the incus; 4) the stapes; 5) the LSCC; and 6) the
fallopian canal. These areas were chosen because they are
known to be prone to cholesteatoma invasion and erosion.6

To obtain the most reliable measurements, we did not
only sample these regions of interest (ROIs), but also added
two additional measurements which were obtained one
slide above and one below the ROI. All ROIs were identical,
with a surface area of 0.1mm2. Following the three sequen-
tial measurements of the ROI, we calculated their average,
and compared the values with three identical average ROI
values in the contralateral non-cholesteatomatous ear.

All measurements were conducted by one otolaryngolo-
gist (S.S.), to confirm the validity of the HU index measure-
ments (interobserver bias); 10% of the samples were
randomly and independently assessed by a senior neurora-
diologist (J.L.) and a senior otolaryngologist (S.O.T.). A Cron-
bach alpha test was used to evaluate the interobserver bias
rate to assess the reliability of the HU index measurements.

Statistical Analysis
The data were recorded on a Microsoft Excel (Microsoft
Corp., Redmond, WA, US) spreadsheet. The unit of analysis
was the temporal-bone HRCT of patients with unilateral
cholesteatoma. The affected ear was compared with the
“healthy” ear (control). The statistical analysis was per-
formed using the Statistical Package for the Social Sciences
(IBM SPSS Statistics for Windows, IBM Corp., Armonk, NY,
US) software, version 23.0. The reliability of the HU index to
test the interobserver bias was assessed with an Cronbach
alpha test, and the Mann-Whitney U test was used for the
null hypothesis. The results of every test were considered
statistically significant (p<0.05).

Results

Demographics
In total, 59 patients were enrolled in the study. Of them, 34
(58%) were male, and 25 (42%) were female, with ages
ranging from 18 to 69 years (mean� standard deviation

[SD]: 32.5�15.33). Regarding laterality, 27 (46%) patients
had cholesteatoma on the right side, while 32 (54%), on the
left side.

Measurements
In the cholesteatoma group, the mean HU value for the
scutum was of 516.02�311.693 (range: 134 to 1,557;
p¼0.001); for the malleolar head, it was of
1,049.44�481.765 (range: 198 to 2,232; p¼0.01); and, for
the long process of the incus, it was of 498.03�264.184
(range: 208 to 1391; p¼0.001).

In the non-cholesteatoma (control) group, the mean HU
value for the scutum was of 855.64�389.999 (range: 202 to
1,881; p¼0.001); for the malleolar head, it was of
1,413.47�313.376 (range: 330 to 1,975; p¼0.01); and, for
the long process of the incus, it was of 714.25�405.631
(range: 206 to 1910; p¼0.001). The differences in the
measurements of the stapes, the LSCC and the fallopian canal
were not statistically significant.

Interobserver Differences
The results of the interobserver reliability test (calculated
using a Cronbach alpha test) were acceptable for the scutum
(0.831) and the malleus (0.860) in both groups. All of the
other test for the comparison of ROI measurements had
results<0.7 in the Cronbach alpha test, which implies that
there were inconsistencies between investigators. Regard-
less, when comparing the cholesteatomatous and non-cho-
lesteatomatous sides, our results indicated a statistically
significant difference for the scutum, the malleus and the
incus (p¼0.01), with lower values on the HU index for all
regions in the study group when compared with the control
group. As for the stapedial measurements of several
“healthy” ears, we obtained negative HU values, indicating
the measurements were performed on air instead of bone.
Additionally, in the study group, the HU index values for the
stapes were � þ90, again indicating that the actual mea-
surement was of the cholesteatoma itself or of the air
surrounding the stapes, instead of the stapes itself.

►Tables 1,2,3 show a comparison of HU index values
between the two groups (►Table 1), as well as a comparison
according to the thickness of the HRCT slide (►Table 2) and
gender (►Table 3). ►Fig. 2A-F shows the differences in HU
index values between the ears with and without cholestea-
toma in individual bony structures of the middle-ear
cleft. ►Fig. 3A-B shows the HU distribution range and the
differences between the two groups.

Discussion

In the present study, we examined if there were statistically
significant differences in HUmeasurements onHRCTscans in
six common sites of involvement in patients with unilateral
cholesteatoma, by comparing the affected ear with the
contralateral “healthy” ear. In our analysis of 59 patients
with HRCT scans with a slide thickness � 0.7mm, we were
able to demonstrate significantly lower HU index measure-
ments in the scutum,malleus and incus of affected earswhen

Fig. 1 Flowchart of the study population.
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compared with “healthy ears”. We had authors from two
different disciplines (two otolaryngologists and one neuro-
radiologist) measuring the HU index values who were
blinded to the results, to decrease the bias. The Cronbach
alpha test for interobserver reliability revealed acceptable
values for the scutum and the malleus in both groups,
whereas all of the other regions measured yielded low

results, which implies that there were inconsistencies be-
tween the investigators regarding the ROI measurements.
Nevertheless, when we compared both ears, our results
indicated a statistically significant difference for the scutum,
the malleus and the incus, and lower HU index values for all
regions in the study group when compared with the control
group. The stapedial HU index measurements were

Table 1 Comparison of Hounsfield Unit Index measurements

Ear Sites Inspected N Minimum Maximum Mean Standard
deviation

p-value

Cholesteatomatous Scutum 59 134 1,557 516.01 311.69 0.01

Malleus 59 198 2,232 1,049.44 481.77 0.01

Incus 59 208 1,391 498.03 264.18 0.01

Stapes 59 -14 512 124.76 108.72 Not available

Lateral semicircular canal 59 217 1,652 1,042.33 301.07 0.69

Fallopian canal 59 215 1,282 467.18 221.56 0.108

Non-cholesteatomatous Scutum 59 202 1,881 855.64 390.00 0.01

Malleus 59 330 1,975 1,413.47 313.38 0.01

Incus 59 206 1,910 714.25 405.63 0.01

Stapes 59 -855 -21 -350.40 193.23 Not available

Lateral semicircular canal 59 140 2,013 1,154.52 359.61 0.69

Fallopian canal 59 208 1,283 543.50 263.57 0.108

Note: The minimum, maximum and mean values are expressed in Hounsfield units.

Table 2 Comparison of Hounsfield Unit measurements obtained by high-resolution computedrized tomography according to slide
thickness

Slide thickness N Minimum Maximum Mean Standard deviation

0.5mm Scutum 8 210 1,820 1,120.13 572.554

Malleus 8 354 1,712 1236.88 402.498

Incus 8 212 1,355 613.88 359.099

Stapes 8 -521 245 -136.88 301.739

Lateral semicircular canal 8 746 1,422 1,120.75 251.145

Fallopian canal 8 227 1,283 579.25 397.073

0.6mm Scutum 72 206 1,850 640.47 341.535

Malleus 72 222 2,232 1,252.54 487.655

Incus 72 206 1,712 560.19 303.824

Stapes 72 -744 457 -115.49 295.524

Lateral semicircular canal 72 140 1,773 1080.42 329.080

Fallopian canal 72 223 1,282 537.60 244.417

0.7mm Scutum 38 134 1,881 680.34 389.892

Malleus 38 198 1,874 1,190.37 365.845

Incus 38 222 1,910 691.58 437.556

Stapes 38 -855 512 -102.71 268.368

Lateral semicircular canal 38 233 2,013 1,127.87 365.331

Fallopian canal 38 208 959 428.68 191.797

Note: The minimum, maximum and mean values are expressed in Hounsfield units.
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unreliable; they were inconsistent, and were performed on
the surrounding region instead of on the stapes itself. This
result is not surprising, considering that the size of the stapes
superstructure is very small, around 1mm,10 which makes
the HU index sampling difficult, consequently making the
stapes measurements redundant for the clinical judgement.

As for the LSCC and the fallopian canal, our results indicated
that there were no statistically significant differences be-
tween the two groups. The reason is probably because, in
most sampled cases, there was no involvement/invasion of
the LSCC, and for the fallopian canal, it is known that, in 55%
of “healthy” ears, the canal is partially exposed because of

Table 3 Comparison of Hounsfield Unit measurements obtained by high-resolution computedrized tomography according to
gender

Study group Control group

Gender N Mean Standard
deviation

p-value Mean Standard
deviation

p-value

Scutum Male 34 466.82 253.67 815.29 347.96

Female 25 582.92 371.78 0.185 918.15 451.75 0.334

Malleus Male 34 975.26 518.94 1,357.06 342.44

Female 25 1,150.32 415.00 0.156 1,468.52 258.64 0.153

Incus Male 34 485.91 303.15 709.88 378.32

Female 25 514.52 204.48 0.667 720.96 431.69 0.917

Stapes Male 34 108.76 95.95 -354.53 200.82

Female 25 146.52 122.67 0.208 -308.81 222.92 0.410

Lateral semicircular canal Male 34 1,060.65 332.03 1,155.26 386.68

Female 25 1,017.44 257.56 0.576 1,158.48 319.61 0.972

Fellopian canal Male 34 417.91 184.23 500.68 218.25

Female 25 534.20 252.67 0.058 594.00 299.90 0.182

Note: The minimum, maximum and mean values are expressed in Hounsfield units.

Fig. 2 (A-F): Coronal HRCT scans of the temporal bone without contrast material, demonstrating the differences in HU index values between
ears with and without cholesteatoma. (A) Right scutum in a cholesteatomatous ear: HU¼ 262; left unaffected scutum: HU¼ 881. (B) Right
malleolar head in a cholesteatomatous ear: HU¼ 717; left unaffected malleolar head: HU¼ 1,881. (C) Left long process of the incus in a
cholesteatomatous ear: HU¼ 681; right unaffected long process of the incus: HU¼ 926. (D) Left stapes in a cholesteatomatous ear: HU¼ 223;
right unaffected stapes: HU¼ -160. (E) Right LSCC in a cholesteatomatous ear: HU¼ 589; left unaffected LSCC: HU¼ 1,163. (F). Left fallopian
canal in a cholesteatomatous ear: HU¼ 543; right unaffected fallopian canal: HU¼ 451.
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bony dehiscence,4 denoting possible changes in HU index
values in the “healthy” ear as well.

Previous studies that investigated the use of HU values to
differentiate cholesteatoma from other middle-ear patholo-
gies demonstrated only scant data on the subject, but none

investigated the HU differences in bony radiodensity in the
middle-ear cleft of patients presenting with cholesteatoma.

In a retrospective study from South Korea published in
2011, Park et al.11 investigated the differences in HU index
values between cholesteatoma and chronic otitis media

Fig. 3 (A) HU index distribution differences between the study and control groups. (B) HU index distribution range of the study and control
groups.
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(COM) at the aditus ad antrum. Their sample was composed
of 82 patients divided into 2 groups: group 1 had patholog-
ically-confirmed cholesteatoma, and group 2 presentedwith
middle-ear granulation tissue. The HU index was measured
at the antrum in an axial plane, at the level of the LSCC. Each
HU measurement was performed in three different loca-
tions: at the level of the suspected focal points, and one slide
above and onebelow thefirst measurement respectively. The
ROI measured 2.49mm2, and all measurements were inde-
pendently performed by 2 investigators unexposed to the
patient’s final diagnosis. The lowest of the three measure-
mentswas chosen. TheHUwas calculated as 42.68�24.42 in
the cholesteatomatous group and as 86.07�26.50 in the
non-cholesteatomatous group. The differences between the
groups were statistically significant. The authors concluded
that, by measuring the HU index, the sensitivity and speci-
ficity to diagnose cholesteatoma could be improved.

On the other hand, in a retrospective study published in
2012, Lee et al.12measured the differences in the HU index in
preoperative HRCT scans of COM and cholesteatoma
patients. The sample was composed of 91 patients who
underwent tympanomastoidectomy. The pathological find-
ingswere described by the surgeon, and later on, classified by
histopathology as cholesteatoma, granulation tissue, choles-
terol granuloma or effusion. The HU index of all pathological
findings was independently measured by three different
otolaryngologists. The results showed that the mean HU
values for the cholesteatomatous lesions were between
35.7 and 66.6 HU, and those for the non-cholesteatomatous
lesions were between 32.9 and 51.3 HU. No statistically
significant difference was found between the two types of
lesion (p¼0.305). Furthermore, the Cronbach alpha test
demonstrated that there was a significant difference in the
HUmeasurement levels among the three examiners, and the
authors concluded that the HU index was impractical for
clinical purposes.

In another study from South Korea published in 2014, Ahn
et al.13 investigated the differences in the HU index on
preoperative coronal HRCT slides of the temporal bone in
patients with congenital cholesteatoma and COM. The study
included 43 children who underwent surgery: 21 for con-
genital cholesteatoma, confirmed by postoperative histo-
pathological findings, and 22 for COM. The study showed a
mean HU of 37.36�6.11 in the congenital cholesteatoma
group, and of 76.09�8.74 in the COM group (p<0.001). The
cut-off value between the two groups was of 55.5; thus, the
authors concluded that HU index values<55.5 represented
congenital cholesteatoma, and higher valueswere consistent
with COM. They also concluded that the HU measurement
may be useful as an additional indicator to diagnose congen-
ital cholesteatoma.

Concerning the distribution range of the HU index, the
study demonstrated a wide range of values for all mea-
sured ROIs. One reason, as shown in a study by Groell
et al.,14 might be the variations in the HU index values
according to different CT scanners, in the reconstruction
algorithms, in slice thickness, and in dosage. Furthermore,
in a study by Davis et al.,15 the HRCT reconstruction

algorithm had a significant effect on HU index values
obtained from the same CT scanner. Another reason could
have been the HU sampling method. The HU values can be
measured either by cursor or by encircling the ROI. The
advantage of the cursor is its accuracy, but the disadvan-
tage is its inability to sample more than one dot per image,
which makes sampling with this method inaccurate due to
bias. For that reason, we decided to use the ROI encircling
method. To increase the accuracy, we used the same value
for the ROI surface area in every measurement. Despite our
efforts, our results showed a fairly wide HU index distri-
bution range, which is similar to the study by Lee et al.,12

who measured a ROI of 1.5mm2 and still demonstrated a
wide variation.

To our knowledge, the present is the first study on the
measurement of HU index values of the bony structures in
the middle-ear cleft to compare the ear affected with cho-
lesteatoma to the unaffected ear of the same patient.

Additionally, the strengths of our study are: 1) the
values of the interobserver reliability were acceptable
for the scutum and malleus in both groups, and the results
for the scutum, malleus and incus were statistically sig-
nificant; 2) the large sample of patients with unilateral
cholesteatoma who underwent HRCT; 3) the measurement
of the HU index of the most frequently-involved middle-
ear bony structures; 4) the simplicity of the measurement,
which is available in every HRCT viewer program, without
the need for a special protocol; 5) the fact that the authors
who measured the HU index values were from different
disciplines (two otolaryngologists and one neuroradiolo-
gist), and were blinded to the results, thus decreasing the
chance for bias; and 6) the comparison of the values in the
same patient might decrease the chances of bias arising
from HU index measurments performed in different
individuals.

We acknowledge several limitations of our work: 1) the
data was collected from several centers with different HRCT
machines/protocols, potentially leading to variations in the
HU index measurements; and 2) the variation in the thick-
ness of the HRCTslides were included in the study, leading to
a variation in HU index measurements.

Conclusion

The present study indicates that the HU index may be a
useful tool to support the early diagnosis of unilateral
cholesteatoma, especially in cases when erosion of the
scutum, malleus or incus is suspected.
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