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ABSTRACTABSTRACT

Introduction: Eustachian tube dysfunction (ETD) may result in hearing loss, chronic otitis and cholesteatoma.
With advances in treatment options, the identification of patients with obstructive ETD is becoming
increasingly important. The objective of this study was to validate a Danish translation of the 7-item
Eustachian Tube Dysfunction Questionnaire (ETDQ-7). 
Methods: All participants underwent tympanometry, otomicroscopy and completed the ETDQ-7. We included
34 ears from patients with obstructive ETD who had abnormal tympanometry curves but no history of
cholesteatoma or adhesive otitis. As a control group, 48 otherwise healthy ears with a normal tympanometry
curve were included from patients with known sensorineural hearing loss or normal hearing.
Results: A Cronbach’s alpha of 0.77 indicated a good internal consistency reliability of the questionnaire. The
mean ETDQ-7 score in the obstructive ETD group was 31 versus 13.5 in the control group (p = 0.00). A
receiver operating characteristics analysis produced an area under the curve of 94%, showing excellent
discriminatory abilities between the groups. 
Conclusions: The ETDQ-7 has previously been validated in English, German, Dutch and Portuguese,
demonstrating good clinical relevance. The Danish translation of the ETDQ-7 has produced similar results and
may be valuable in diagnosing obstructive ETD and in monitoring the effect of balloon dilation of the
Eustachian tube.

Funding: none.
The study was approved by the Danish Data Protection Agency (VD-2018-33, I-Suite 6229).

The Eustachian tube (ET) is anatomically and physiologically connected to the middle ear.
Through an osseous lateral part, the ET connects the middle ear  with the nasopharynx
where it opens in a cartilaginous part. In adults, it is approx. 37 mm long, with the
cartilaginous part constituting two thirds of the length [1]. The ET serves as a pressure
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regulator  of the middle ear  and drains fluid via muco-ciliary transport [2]. Eustachian tube
dysfunction (ETD) is a common problem in children and the condition may persist into
adulthood, affecting around 1-5% of adults [3, 4]. In normal conditions, the middle ear
pressure is continuously depleted, which is counterbalanced by intermittent ET openings
offer ing gas to the middle ear  [5] or  by using Valsalvaʼs manoeuvre. It has been shown that
gas is delivered to the middle ear  through short unconscious reflex-like openings [6].
However, ETD due to chronic infection, allergy, laryngeal reflux, pr imary mucosal
pathology, anatomical obstruction or  a dysfunctional dilation mechanism can prevent this
gas exchange, resulting in middle ear  under  pressure [3]. Symptoms include aural fullness,
affected hearing and pain [7]. ETD is likely one of the most important pathogenetic factors in
the development of chronic middle ear  diseases like chronic otitis media, retracted tympanic
membrane, membrane perforations [8] and probably cholesteatoma.

ET function has been tested objectively using tubomanometry [9, 10], Eustachian Tube Score
[9, 11], endoscopic video analysis [12], tympanometry [7] and pure-tone audiometry. There is
no consensus regarding the optimal ET function test [13]. This underlines the anatomical
complexity and probably also the limited knowledge about ET pathology. In 2012, the 7-item
Eustachian Tube Dysfunction Questionnaire (ETDQ-7) was designed and validated by McCoul
et al [14]. The ETDQ-7 estimates the severity of symptoms experienced by the patient with
obstructive ETD. The ETDQ-7 is considered a valuable tool for  diagnosing obstructive ETD
and monitoring the effect of balloon dilation of the ET. It has subsequently been translated
and validated for  use in other  languages [15-17]. The questionnaire consists of seven
questions related to ET function. Each question is scored on a seven-level Likert scale where
1 indicates no problem and 7 indicates the worst possible symptoms. The sum of all scores
determines how severe the ET dysfunction is (range: 7-49) with a score of ≥ 14.5 indicating ET
dysfunction [14]. The ETDQ-7 does not discr iminate well between obstructive ETD and a
patulous Eustachian tube (PET) [15].

This study aimed to validate a Danish translation of the ETDQ-7 score in a Danish population
comparing questionnaires from ETD patients and controls from two tertiary ear, nose and
throat clinics.

METHODSMETHODS
Translation from English into DanishTranslation from English into Danish

The translation from English into Danish was done by an experienced English speaker. The
translation was reassessed by the author  group. The final translation is listed in Tabl e 1Tabl e 1 .
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S u bjectsS u bjects
Subjects were included from two tertiary care centres. Patients with obstructive ETD had
been referred for  balloon dilation of the ET. Controls had normal hearing or  had been
referred with a sensorineural hearing loss for  a conventional hearing aid. All subjects were
adults (age > 18 years).

Otomicroscopy, pure-tone audiometry and tympanometry were performed on all patients
and controls.

The inclusion cr iter ia for  the obstructive ETD group were:

obstructive ETD symptoms for  ≥ 1 month

abnormal tympanogram curve (b, c1 or  c2)

an intact eardrum

Both normal and retracted eardrums as well as fluid-filled middle ears were included in
the study.

Any patient with acute upper  airway and/or  ear  infection, extensive middle ear  pathology or
cholesteatoma was excluded from the study. Controls were recruited among patients with
sensorineural hearing loss or  normal hearing, a normal tympanogram curve (a) and an air -
filled middle ear. A total of 17 of the patients with sensorineural hearing loss also
complained of tinnitus.

In all, 34 patients (16 females and 18 males) with obstructive ETD completed the ETDQ-7 of
whom nine had bilateral ETD. A total of 48 controls (21 females and 27 males) completed the
ETDQ-7 of whom 39 contr ibuted with both ears. The mean age was 49 years in the obstructive
ETD group and 70 years in the control group. The mean pure tone average (500; 1,000; 2,000
and 3,000 Hz) was 30 dB in the obstructive ETD group (n = 27 patients) and 32 dB in the
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control group (n = 36 controls; in the remainder  of obstructive ETD patients and controls,
the hearing level at 3,000 Hz was not tested).

S tatistical  anal ysisS tatistical  anal ysis
Statistical analysis was performed, and p-values of 0.05 were considered statistically
significant. Where data from both ears were obtained, the mean ETDQ-7 score was
calculated for  both sides, showing no statistically significant difference between the r ight
and left ear  in either  the obstructive ETD group (p = 0.9, Wilcoxon signed rank test) or  the
control group (p = 0.4, Wilcoxon signed rank test). Only the r ight ear  was included in the
statistical analysis when bilateral data existed. An abnormal tympanogram (b, c1 or  c2) was
used as a gold standard test of ETD. Internal consistency reliability was established through
a Cronbachʼs alpha > 0.70.

EthicsEthics
The study was approved by the Danish Data Protection Agency. Individual informed consent
was obtained and signed by each patient.

Trial registration:  Danish Data Protection Agency (VD-2018-33, I-Suite 6229).

RESULTSRESULTS

A Cronbachʼs alpha of 0.77 was found in the obstructive ETD group, suggesting good internal
consistency reliability of the questions in the Danish version of the ETDQ-7. Examining the
sections of the analysis, we found that question four  was less consistent with the overall
questionnaire than the remaining questions, and our  analysis even suggests that the
Cronbachʼs alpha would be higher  if the question was omitted (Cronbachʼs alpha = 0.8).

The mean ETDQ-7 score among patients with obstructive ETD was 31 (n = 34) compared to
13.5 among controls (n = 48) (p = 0.00, Mann-Whitney U test) (Tabl e 2Tabl e 2  and Tabl e 3Tabl e 3 ).
Furthermore, an ETDQ-7 score of ≥ 14.5 (cut-off value) was significantly more frequent in

the obstructive ETD group than in the healthy control group (p = 0.00, Pearsonʼs χ2 test)
(Fig u r e 1Fig u r e 1 ).
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The sensitivity of the ETDQ-7 was 100% (95% confidence interval (CI): 90-100%) and the
specificity was 67% (95% CI: 52-80%) when the ETDQ-7 cut-off value for  obstructive ETD was
set at ≥ 14.5. The likelihood ratio of a positive test result was three (sensitivity/(1–specificity)).
A receiver  operator  character istic (ROC) analysis revealed an area under  the curve of 94%
(95% CI: 89-99%), showing excellent discr iminatory abilities between patients with obstructive
ETD and healthy controls (Fig u r e 2Fig u r e 2 ).
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DI SCUSSI ONDI SCUSSI ON

An early diagnosis of obstructive ETD is important to take preventative measures against
potentially severe middle ear  pathology. In the absence of a compelling diagnostic test, the
ETDQ-7 offers an alternative patient-reported outcome measure. We translated the ETDQ-7
into Danish and validated its applicability in a Danish population. In order  to avoid falsely
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inflating our  numbers, only the r ight-sided ears were analysed when data from both ears
were available. The mean ETDQ-7 scores between left and r ight ears were not significantly
different, and the selection of one side was made randomly. When analysing the pooled data
from both sides, we found very similar  results to the ones presented here. However, two
ears from the same participant cannot be considered statistically independent. Calculating
the mean value from a set of ears was considered, but that approach poses a problem when
testing the internal consistency reliability of a Likert scale like the ETDQ-7. We found good
internal consistency reliability with a Cronbachʼs alpha of 0.77 in the obstructive ETD group.
Question four  showed a lower  inter-item correlation than the remaining questions and
would produce a slightly higher  Cronbachʼs alpha if deleted (0.80). Upon analysing these
results, we found no evidence that this is related to the translation. Question four  regarding
symptoms from the ears when suffer ing from a cold or  sinusitis does have a slightly higher
mean score than the remaining except for  question 7 (Table 2). However, the overall internal
consistency reliability is good, and a larger  sample size would possibly improve the single-
item correlation.

We found significantly higher  ETDQ-7 scores in the obstructive ETD group than in the
healthy control group. With a cut-off ETDQ-7 score of 14.5, the sensitivity was excellent
(100%), and our  ROC analysis produced an area under  the curve of 94% which is slightly
lower  than but largely in line with previous studies (Van Roeyen et al: 95% and Schröder  et
al: 98.8% and Gallardo et al: 98%) [15-17]. In the studies by Van Roeyen et al and Schröder  et
al, cut-off values of 14.5 were also used, whereas Gallardo et al found that a cut-off value of
14 improved their  results. The specificity in the present study was lower  than the specificity
reported in the study by McCoul et al [14]. One possible explanation of this is that our
controls were recruited among patient with known sensorineural hearing loss and in some
cases complaints of tinnitus. Our  control group often reported r inging in the ears and a
feeling that their  hearing was muffled (ETDQ-7 questions six and seven). This indicates that
these symptoms are related to hearing loss in general and are not specific symptoms of
obstructive ETD. Changing the cut-off value [17] would rapidly reduce our  sensitivity and
thereby the questionnaireʼs value as a diagnostic and monitoring tool.

Patients diagnosed with unilateral obstructive ETD tended to score their  “healthy” ear
higher  than the healthy controls did. This might be due to early symptoms on the
contralateral “healthy” ear, or  that patients generally find it difficult to separate the two
ears when completing the ETDQ-7. However, the accompanying tympanometry allowed us to
identify the diseased ears.

Overall, our  results support the diagnostic properties of the ETDQ-7 but also underline that
the questionnaire cannot stand alone but should be used as an aid in the diagnosis of
obstructive ETD along with otomicroscopy and tympanometry. The inability of the
questionnaire to discr iminate between obstructive ETD and PET underlines this fact. In cases
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of known obstructive ETD, the ETDQ-7 could be a valuable tool to monitor  the effect of
treatments like balloon dilation of the ET.

CONCLUSI ONSCONCLUSI ONS

In the absence of a compelling diagnostic test of obstructive ETD, the ETDQ-7 may be a
valuable aid in the diagnosis of this disease, and it shows promise as a monitoring tool in the
treatment of obstructive ETD. The Danish translation can satisfyingly distinguish between
obstructive ETD and healthy controls in the data presented here.
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