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Abstract

Background: When measuring the treatment effect in tinnitus with multi-item outcome instruments, it is crucial for
both clinical and research purposes to take into consideration clinical importance of the outcome scores. The aim
of the present study is to determine minimal important change (MIC) in tinnitus which is clinically meaningful to
patients with otosclerosis.

Methods: The study population was 95 patients with otosclerosis, suffering from tinnitus. They completed the
Tinnitus Functional Index before stapedotomy and 3 months after the surgery. The minimal important change
was estimated with the Clinical Global Impression Scale as the external criterion (anchor). The mean change
method and the receiver operating characteristic (ROC) method were used to determine minimal important
change in tinnitus sensation.

Results: The improvement in tinnitus after stapedotomy was reported by 69.4% of the patients with otosclerosis.
Minimal important change in tinnitus was estimated as reduction of 8.8 points in the Tinnitus Functional Index.

Conclusions: The anchor-based approach using an external criterion (anchor) allows to determine change in tinnitus
sensation which is meaningful to patients after stapedotomy. The value of 8.8 points in Tinnitus Functional Index could
be used as benchmark of stapedotomy effectiveness in otosclerosis patients suffering from tinnitus. Hearing difficulties
comorbid with tinnitus could affect the perception of tinnitus change.
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Background
Otosclerosis is a bone remodeling disorder within the
otic capsule of the temporal bone. There are different
theories about possible cause and way of clinical devel-
opment of the disease [1–3]. It leads to decrease the
stapes mobility and changes in oval window could im-
pact in sensorineural component of hearing [4, 5]. The
prevalence of clinical otosclerosis is 0.3–0.4% of the
Caucasian population [6, 7]. It is one of common causes
of acquired hearing loss which untreated conducts to se-
vere hearing loss and in very long term also deafness.
According to the literature, 65–90% of patients with

otosclerosis also experience tinnitus [8–15]. Therefore, it
would be useful from clinical point of view to know, if

their distress results from impaired hearing or tinnitus.
It would help to determine the need for intervention
specific to hearing or specific to tinnitus [16].
The most commonly used and most effective treat-

ment for otosclerosis is surgery, including stapedotomy
or formerly stapedectomy, with both these techniques
providing satisfactory results in hearing improvement
[17–19]. Stapedotomy consists in partial removal of the
fixed stapes and their replacement with a prosthetic de-
vice [20, 21]. The main goal of the stapedotomy is a sig-
nificant improvement in hearing loss, but reducing
tinnitus is an additional benefit of surgical treatment.
Gersdorff et al. [22] report that in the group of 50 pa-
tients with otosclerosis tinnitus disappeared in 64% of
them after stapes surgery (the reduction of tinnitus was
significantly greater after stapedotomy than after a par-
tial stapedectomy). A substantial reduction of tinnitus
after stapes surgery in patients with otosclerosis is
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reported by many other clinicians and investigators
[8–14]. The comprehensive overview concerning reduc-
tion of tinnitus in patients undergoing surgical treatment
of otosclerosis has been done by Dziendziel et al. [15].
The effectiveness of treatment is very often presented

in purely statistical terms e.g. is assessed with a paired
t-test to compare pre- and post-operative results. But
statistically significant difference in the outcome of treat-
ment does not necessarily imply clinical importance, i.e.
whether the observed improvement is important or
meaningful to the patient. It is known that the same dif-
ference in scores could be statistically significant in a
large sample, while being statistically non-significant in a
small sample. Hence, the minimal important change
(MIC) is a more appropriate measure of effectiveness of
a treatment and it is one of the most important aspects
of responsiveness and interpretability of health status
questionnaires [23].
The MIC has been defined by Jaeschke et al. [24] as

“the smallest difference in score of the domain of inter-
est which patients perceive as beneficial”. This concept
is defined in a similar way by the COSMIN Group re-
searchers (Consensus-based Standards for the Selection
of health Measurement Instruments). The MIC is “the
smallest change in score in the construct to be measured
which patients perceive as important” [25]. The overview
of various approaches to defining minimal important
change was done by Crosby et al. [26].
In the present study, the COSMIN definition of MIC

has been applied in view of its simplicity, explicitness
(using concept “change” not “difference”) and focus on
the role of patients in determining a change important
to them. Such an approach requires applying an appro-
priate method of determining MIC. In the literature,
distribution-based and anchor-based methods are distin-
guished [25, 26]. The advantage of anchor-based ap-
proach is the concept of “minimal importance” which is
explicitly defined and incorporated in it, so it requires
using an external indicator to provide a reference of
change. The most useful anchor with which to define
MIC is the patient’s global rating of change. This global
assessment of change consists in patients’ rating of their
change in health status and choosing one of possibilities
e.g. on a five-point scale from “very much improved” to
“very much worsened”. Global rating scale is assumed to
be a gold standard in assessment of change providing
that it measures the same construct as the instrument
under study [25].
Taking into account the foregoing assumptions, we have

decided to determine important change in tinnitus sensa-
tion after stapedotomy in patients with otosclerosis ex-
periencing tinnitus. To the best of the authors’ knowledge
the MIC concerning tinnitus has not been investigated
so far for any tinnitus-related PROMs (Patients-Related

Outcome Measures) with regard to otosclerosis treated
with stapedotomy.

Methods
Surgery
Intravenous sedation was applied during surgeries. Typ-
ical Rosen cut was performed on the posterior wall of
the external meatus. Then in each surgery chorda tym-
pani was identified. In majority of surgeries there was
small enlargement of view performed with 0,8 or
1,0 mm diamond burr with low speed of drilling. Stapes
muscle and posterior branch of stapes were cut by small
sharp scissors. Then they were removed. Following a
small fenestra stapedotomy of the stapes footplate (with
0.6 diamond burr), a Skarzynski Piston Kurz prosthesis
was placed into. The stapedotomy located in the central
part of the footplate and crimped over the long process
of the incus.

Measures
Pure tone audiometry
The hearing thresholds for air conduction were deter-
mined in the right and left ears at frequencies of 0.125,
0.25, 0.5, 1, 2, 4 and 8 kHz before stapedotomy. The
hearing tresholds for bone conduction were determined
at frequencies of 0.25, 0.5, 1, 2 and 4 kHz in both ears
before stapedotomy. The air bone gap was calculated for
0.5, 1, 2 and 4 kHz. According to the Bureau Inter-
national d’Audiophonologie recommendation, normal
hearing was defined as an air threshold value of 20 dB
HL or less at all tested frequencies [27].

Patient-reported outcome measures (PROMs)
Polish clinicians and investigators could use three ques-
tionnaires for tinnitus assessment: Tinnitus and Hearing
Survey (THS) adapted by Koziak et al. [28], Tinnitus
Handicap Inventory (THI) adapted by Skarzynski et al.
[29] and Tinnitus Functional Index (TFI) adapted by
Wrzosek et al. [30]. For this study the THS was chosen
as a screening tool and the TFI because of its high re-
sponsiveness [16, 31].
The participants were asked to complete the Tinnitus

and Hearing Survey (THS), Tinnitus Functional Index
(TFI) and Clinical Global Impression Scale (CGI-S). The
THS was filled in only once (in the hospital before the sur-
gery). The patients were tested twice with the TFI – in the
hospital before surgery and 3 months after the surgery at
home. And 3 months after stapedotomy, the patients filled
in the CGI-S – this questionnaire and the TFI were deliv-
ered by post and sent back by the participants).
The Tinnitus and Hearing Survey (THS), developed by

Henry et al. [16] is a brief tool to determine how much of
a patient’s complaint is due specifically to tinnitus (Sub-
scale A) or is associated with hearing problems (Subscale
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B). The subscale C (concerning hyperacusis) was not used
in the analysis, because hyperacusis was not of interest in
the study. In both subscales (A and B) the total score can
range from 0 to 16 points. The highest score, the more se-
vere tinnitus problems or the more serious hearing diffi-
culties. The THS is valid and reliable tool, which was
demonstrated in polish clinical population by Raj-Koziak
et al. [28].
The Tinnitus Functional Index (TFI), developed by

Meikle [32] takes into consideration a broad range of
tinnitus symptoms and allows to measure severity and
negative impact of tinnitus. The questionnaire has 8
subscales: Intrusiveness, Sense of Control, Cognition,
Sleep, Auditory, Relaxation, Quality of Life, and Emo-
tional. The total score and scores in every subscale
can range from 0 to 100 points. Higher scores reflect
greater severity and negative impact on everyday func-
tioning. The TFI is an especially recommended tool
for measuring treatment-related changes in tinnitus
[16, 31]. Polish adaptation of the TFI was done by
Wrzosek et al. [30].
The Clinical Global Impression Scale (CGI-S) is a brief

tool used to rate change in a subject’s condition [33]. In
our study the patients were asked to assess the change in
their tinnitus and the change in their hearing 3 months
after stapedotomy in comparison with the state before sur-
gery. They did it using a 7-point scale with the following
degrees: 1- very much worse; 2 – much worse; 3 – minim-
ally worse; 4 – no change; 5 – minimally improved; 6 –
much improved; 7 – very much improved. They assessed
separately the change in their tinnitus and the change in
their hearing, selecting one answer for each.

Data analysis
The change in the global TFI scores was computed as
done by Meikle et al. [32], i.e. the initial pre-operative
score (TFI 0) was subtracted from the follow-up post-
operative score (TFI 1). The negative result of the
subtraction indicated improvement (reduction of tin-
nitus severity), the positive result indicated deterior-
ation (enhancement of tinnitus severity).
The t-test for paired samples was used for comparison

of preoperative and postoperative results in all subscales
and the global scores of the TFI. Additionally, the effect
size was calculated (initial mean score minus follow-up
mean score, divided by standard deviation pooled for
both scores). According to Cohen [34], effect size was
considered small (≥0.2), moderate (≥0.5) or large (≥0.8).
The correlation between changes in the TFI and

changes in tinnitus in the CGI-S was calculated using
Pearson-product correlation. The correlation was calcu-
lated similarly between changes in the TFI and changes
in hearing in the CGI-S. Two hypotheses were tested:

1. The first hypothesis was that the correlation of
change in the TFI with change in the CGI-S
concerning tinnitus would be at least moderate.

2. The second hypothesis was that the correlation of
change in the TFI with change in CGI-S concerning
hearing would be lower than the correlation of
change on the TFI with change on CGI-S concerning
tinnitus.

Criteria provided by Fackrell et al. [31] were used to
evaluate strength of correlation – coefficients more than
0.8 were classified as “extremely strong”, coefficients be-
tween 0.6 and 0.79 - as “strong”, between 0.3 and 0.59 -
as “moderate” and below 0.3 - as “weak”.
The anchor-based approach was used to find the

value at which the change in the TFI becomes clinically
relevant to patients. The external criterion (anchor)
was the CGI-S concerning change in tinnitus. Two
methods were used: the mean change method and the
receiver operating characteristic (ROC) method, but the
former was only used in a supporting role while the lat-
ter was the main one as more powerful. In the mean
change method the MIC is defined as the mean change
in score on the measurement instrument (in this case
the TFI) in the subcategory of patients who were min-
imally importantly changed [25]. The ROC method
combines information on sensitivity (i.e. true positive
rate) and specificity (i.e. true negative rate) to deter-
mine the cut-off point that best discriminates between
the patients in adjacent categories [35]. In this case the
optimal ROC cut-off point was the threshold value
which discriminates between the patients with much or
very much improvement and the patients with no
change. According to the criterion provided by de Vet
et al. [25], the optimal cut-off point value being the
MIC value is chosen when the sum of 1-sensitivity
and 1-specifity is the smallest. The Area Under Curve
(AUC) was established to determine MIC. The criter-
ion of Kleinbaum and Klein [36] was assumed: AUC
value between 0.5 and 0.6 was classified as “failed”,
coefficient between 0.6 and 0.7 was classified as
“poor”, between 0.7 and 0.8 - as “fair”, between 0. 8
and 0.9 - as “good” and between 0.9 and 1.0 - as “ex-
cellent” discrimination.
The sample size was calculated using power 0.80 and

alpha level 0.05. The assumption of preoperative TFI
scores, according to the data provided by Meikle [32],
was: M = 54.4, SD = 24.7 and the change of 13 points in
postoperative results. The required sample size was n =
47, but it was doubled because of the need to divide sub-
jects into subgroups according to perceived change in
tinnitus.
For statistical analysis, IBM SPSS Statistics v. 24 soft-

ware was used.
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Results
Stapedotomy was performed on 160 patients between
April and June 2017 in the Institute of Physiology and
Pathology of Hearing. In this group 111 subjects (69%)
reported tinnitus complaints and filled in the Tinnitus
and Hearing Survey (THS) before the surgery. Ninety-
six of them had tinnitus in the affected ear, 95 com-
pleted the Clinical Global Impression Scale (CGI-S)
(once) and the Tinnitus Functional Index (TFI) (twice).
Thus, the analysis was conducted for 95 patients.
There were 73 women and 22 men in the group. The

patients’ ages ranged from 28 to 82 years old (M = 48.67;
SD = 10.98). Bilateral tinnitus was reported by 43.2% of
the patients and unilateral one by the rest. The period of
suffering from tinnitus varied from 6 months to 30 years,
with the average of 97.87 months (SD = 74.73). Tinnitus
was continuous in 66.3% of the patients, the rest com-
plained of intermittent tinnitus. All the patients had
hearing loss in the treated ear – 85.3% of them had
mixed hearing loss (conductive and sensorineural),
14.7% of the patients had conductive hearing loss.
The preoperative average hearing threshold for air con-

duction in the affected ear was 59.56 dB (SD = 16.65) and
the preoperative average hearing threshold for bone con-
duction in the affected ear was 28.32 dB (SD = 13.54). The
average air-bone gap was 31.23 dB (SD = 10.04).
The total score in subscale B (Hearing) in the THS

ranged from 0 to 16 points with the average of 8.46 (SD =
3.89), when in subscale A (Tinnitus) it ranged from 0 to
16 points with the average of 4.36 (SD = 4.20). Thirteen
patients achieved higher score in subscale A than in sub-
scale B, so they were classified as those whose problems
with tinnitus were particularly bothersome. Seventy-four
patients achieved higher score in subscale B than in sub-
scale A, so they were rated as having problems rather due
to hearing difficulties than to tinnitus. Eight patients
achieved the same score in both subscales so they were
not included in any group.
The patients assessed the perceived change in their

tinnitus and change in their hearing in CGI-S. The im-
provement in tinnitus was reported by 69.4% of the pa-
tients (Table 1).
Asked about subjectively perceived change in hearing,

95.7% of the patients reported improvement, including:
25% - minimally improved, 44.6% - much improved, 26.1%
- very much improved. Only 4.3% of the patients reported
no change in hearing after stapedotomy.1

The scores of the TFI indicating severity of tinnitus
and its negative impact in pre- and post-operative period
were showed in Table 2.
The severity of tinnitus and its negative impact on every-

day functioning decreased 3 months after stapedotomy in
comparison with the results before surgery. The differ-
ences were statistically significant in almost all subscales

(except for Cognition and Sense of control). The effect
size was the biggest for Auditory (ES = 0.60) but it
was still only moderate. For the overall scores the ef-
fect was small (ES = 0.38), just as for the other do-
mains. There was no difference between women and
men in the TFI change (p = 0.582).
The data in the table showed above demonstrated the

differences between pre- and postoperative tinnitus. But
these results do not inform what change in tinnitus is
meaningful for the patients. Results of paired t-test and
effect size are not an appropriate measure of change, be-
cause they only concern the magnitude of the change
scores. So, a criterion approach was applied in studying
changes in tinnitus after stapedotomy and that is why
the patients were asked to assess the perceived change
in their tinnitus and change in their hearing, too. The
results of the testing two earlier mentioned hypotheses
were showed in Table 3.
Additionally, partial correlation of change on the TFI

with change in the CGI-S concerning tinnitus was calcu-
lated. It amounted r = 0.32 when the change in the
CGI-S concerning hearing was the control variable. It
shows that change in tinnitus perception is considerably
associated with change in hearing.

Table 1 Subjective perceived change in tinnitus after stapedotomy

Subjective change in tinnitus

Very much worse 0

Much worse 2 (2.1%)

Minimally worse 7 (7.4%)

No change 20 (21.1%)

Minimally improved 20 (21.1%)

Much improved 31 (32.6%)

Very much improved 15 (15.7%)

Table 2 Comparison of preoperative and postoperative scores
of the TFI

Preoperative Postoperative t p-value

M SD M SD ES

Intrusiveness 51.54 25.91 39.93 31.46 3.82 < 0.001 0.40

Sense of control 25.44 24.19 20.70 24.93 1.73 0.087 0.19

Cognition 22.67 22.35 19.16 24.93 1.20 0.232 0.15

Sleep 27.16 28.90 20.46 27.85 2.28 0.025 0.24

Auditory 40.95 25.51 25.26 27.05 4.71 < 0.001 0.60

Relaxation 30.81 25.61 23.19 26.25 2.46 0.016 0.29

Quality of life 30.53 24.22 20.50 25.67 3.43 0.001 0.40

Emotional 26.00 23.95 19.37 24.31 2.41 0.018 0.27

TFI global score 31.83 20.79 23.46 23.19 3.38 0.001 0.38

t result of t-test, ES effect size
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Afterwards, we calculated the change in scores of the
TFI (in the way mentioned earlier) and we stratified the
results of the change in the TFI by the values of the
CGI-S concerning change in tinnitus. The descriptive
statistics for the six groups were showed in Table 4. It
can be seen that the mean change scores in the TFI ex-
hibit an orderly progression from much or minimally
worse through no change to much or very much im-
proved. The value of − 8.7 points is the threshold dis-
criminating between patients with no change in tinnitus
and patients with at least slight improvement.
It is worth taking into consideration big dispersion of

the scores in all six groups – standard deviation is higher
than the average score in almost all groups. It indicates
that distributions of change scores in the group with im-
provement and in the group with no change overlap,
which makes difficult to precisely discriminate between
the two groups. The mean change scores in the TFI corre-
sponding to change in tinnitus were showed in Fig. 1.
The second method used to estimate the MIC was the

ROC curve. The distinction was made between the sub-
jects with much or very much improvement (n = 46) and
the subjects with no change (n = 20). The result was
showed in Fig. 2.
The AUC = 0.748; p < 0.001. Sensitivity was 0.674 and

specificity was 0.80. The optimal cut-off point was − 8.8,
so such a change of scores in the TFI could be assumed
to be the minimal important change. It can be seen that
the sensitivity was evidently lower than specificity, 31
patients (among 46) with improvement according to the
anchor were correctly classified (true positive).

In this context it’s worth remembering, that on the
basis of the THS scores the patients were rated as those
whose problems with tinnitus were particularly bother-
some (n = 13) or rated as having problems rather due to
hearing difficulties (n = 74). Admittedly, the number of
the patients whose problems were related to tinnitus ra-
ther than hearing was quite small, but it is still interest-
ing to see how much these two groups of patients differ
in terms of change in the TFI which was meaningful for
each of them. The mean change in both groups was pre-
sented in Fig. 3.
The patients with tinnitus problem who reported min-

imal improvement in tinnitus had the mean change a lit-
tle over 17 points, whereas the patients who reported
much improvement had the mean change of 20 points.
And the patients with hearing problem who reported
minimal improvement in tinnitus had the mean change
6.6 points, whereas the patients who reported much im-
provement had the mean change 13.9 points. This het-
erogeneity of patients with otosclerosis might be the
reason for the difficulty in precise determining of MIC
in tinnitus after stapedotomy.

Discussion
Our study showed a 69% prevalence of tinnitus among
patients with stapedotomy and this result is close to the
values reported by other investigators [15]. Around 70%
of the patients reported improvement in tinnitus after
stapedotomy and simultaneously above 95% of the pa-
tients assessed that their hearing had improved. These
positive results in hearing were to be expected, because
improvement in hearing is the main goal of stapedotomy
and these results are comparable or better than those re-
ported by other researchers [5]. But, on the other hand,
improvement in hearing makes it difficult to determine
change in tinnitus and discriminate it from change in
hearing.
The TFI questionnaire has been chosen for assessing

the MIC in tinnitus, because this instrument is consid-
ered gold standard in diagnostics of tinnitus [31]. It
covers many different domains of tinnitus distress and it
was developed to evaluate treatment-related change in
tinnitus [32].
The change in tinnitus sensation detected in our study

in the TFI was moderately correlated with the change in
tinnitus self-rated by the patients in the CGI-S. The pre-
defined hypothesis said that this correlation would be “at
least moderate” and it was so, albeit it was not signifi-
cantly greater than the correlation of change in the TFI
and change in hearing, assessed in the CGI-S. But in this
context it is worth summoning up the latest results of
confirmatory factor analysis performed on the TFI by
Fackrell et al. [37]. The authors stated that Auditory sub-
scale did not contribute to the global construct of

Table 3 Hypothesis for the correlation of change in the TFI
with change in tinnitus and change in hearing

Correlation Decision

The correlation of change in the TFI with change
in the CGI-S concerning tinnitus would be at
least moderate.

r = 0.46;
p < 0.000

Confirmed

The correlation of change in the TFI with change
in the CGI-S concerning hearing would at least
0.1 lower than the correlation of change in the
TFI with change in the CGI-S concerning tinnitus.

r = 0.41;
p < 0.001

Not
confirmed

Table 4 Descriptive statistics of change in the TFI scores in
patients after stapedotomy according to perceived change in
tinnitus

Change in tinnitus n Min Max M SD Me

Very much worse 0 – – – – –

Much worse 2 25.20 33.60 29.40 5.94 29.40

Minimally worse 7 −13.20 39.20 11.54 20.05 8.40

No change 20 −58.80 52.40 0.90 21.65 1.80

Minimally improved 20 −57.60 59.20 −8.67 24.57 −8.60

Much improved 31 − 63.30 30.00 −13.40 19.74 −13.60

Very much improved 15 −77.60 13.60 −24.32 24.55 −18.00
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functional impact of tinnitus and postulated a modified
seven-factor model (TFI-22) without auditory domain.
Our study shows that change in tinnitus after stapedot-
omy coexists with improvement in hearing status and
this association seems inevitable in the case of patients
with otosclerosis.
The aim of our study was to estimate MIC in tinnitus

after stapedotomy in patients with otosclerosis. According

to the anchor applied and the criterion to discriminate be-
tween patients with no change and patients with much or
very much improvement, the ROC method showed that
MIC could be established as reduction of 8.8 points in the
TFI. This result is convergent with value of 8.7 points ob-
tained in the mean change method.
Meikle et al. [32] determined the MIC in tinnitus as the

reduction of around 13 points in the TFI. Their method-
ology consisted in estimating of the score reduction for
the subjects with “much to moderate improvement” (it
was − 21.1 points) and comparing it with the reduction
observed in the unchanged group (− 7.2 points). Some-
what “half way” between these scores there was the reduc-
tion of 13 points. Although, the authors stressed that their
results had preliminary nature, they said that “a reduction
in TFI scores of around 13 points should be meaningful to
patients”. However, if we take into consideration that the
number of patients with no change was n = 22 and the
number of patients with much to moderate improvement
was n = 68 (i.e. over 3 times more), the cut-off point could
probably be moved towards to the score of the larger
group. If another method of estimating the MIC (e.g.
ROC method) had been applied in the original TFI devel-
opment study, this value might have been different. In
Meikle study [32], although the patients underwent vari-
ous tinnitus treatments (including hearing aid for one or
both ears, tinnitus masker/sound generator, portable
sound-generating device, medical treatment such as medi-
cations or sleep therapy, psychological counselling) prob-
ably none of them underwent stapedotomy. It is an

Fig. 1 Overall mean TFI change scores in patients at 3 months after stapedotomy according to their answers on Clinical Global Impression Scale
concerning change in tinnitus

Fig. 2 ROC curve representing the sensitivity and 1-specifity at change
scores in the TFI questionnaire (distinction between patients who
reported much or very much improvement (n = 46) and those with
no change (n = 20)
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additional potential explanation why the MIC determined
by Meikle et al. and the MIC determined in our study are
different.
It is essential to point out that potentially MIC in tin-

nitus could be sensitive to hearing loss, often comorbid
with tinnitus. Some patients attribute their problems
with hearing solely to tinnitus and it is difficult to deter-
mine which hearing difficulties are related specifically to
tinnitus and which hearing difficulties are related specif-
ically to hearing loss. We divided these groups by means
of the THS, and we showed that the MIC in patients
with dominant tinnitus problems could be different from
the MIC in patients with dominant hearing difficulties.
Obviously, in subjects with very severe tinnitus, clinically
important change would require a greater reduction of
tinnitus, expressed with a higher value than 8.8 points.
In our study, it was only 13 patients whose problems
with tinnitus were particularly bothersome, so the find-
ings concerning this group are of preliminary nature
only. But for the future research it is an issue worth fur-
ther investigation.
The present study has a certain limitation, namely it

does not take into account time of tinnitus experience.
The perception of change may be different in patients
with chronic tinnitus and those with short-term com-
plaints. This factor should be included in further research,

which would probably allow to increase the dispersion
of change perception which in our study was rather
high.
Another limitation of the present study is the fact that

subjects with otosclerosis are not representative of the
wider clinical population of tinnitus sufferers. But this
limitation can be considered an advantage. The authors
of the TFI stressed that there is a strong need to evaluate
possible variables that may affect the sensitivity of this
instrument to treatment-related change. It is recognized
that MIC depends not only on the type of anchor or
baseline values, but also on the characteristics of the pa-
tient group [25]. Jayadevappa et al. [38] pointed out that
the MIC should be interpreted with caution and there is
a need to use available estimates for a particular instru-
ment. In our study minimal important change which
was 8.8 points in the TFI relates to tinnitus in otoscler-
osis and its change due to stapedotomy.

Conclusions
In our study, an 8.8 point reduction in the TFI was
found to be a meaningful reduction in the TFI outcomes
in otosclerosis patients. This value could be used as the
critical threshold needed to assess clinically relevant sta-
pedotomy effectiveness in reducing tinnitus.

Fig. 3 Overall mean TFI change scores in patients with problem of tinnitus (n = 13) or with problem of hearing (n= 74) at 3 months after stapedotomy
according to their answers in Clinical Global Impression Scale concerning change in tinnitus
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Endnotes
1Justification for the lack of subjectively perceived im-

provement of hearing after stapedotomy:For one patient
who reported no change in hearing, mean air conduction
(AC) threshold for frequencies: 0.5, 1, 2, 4 kHz was
80.0 dB HL before the surgery (pre-op) and it improved to
51.2 dB HL after the surgery (post-op). Simultaneously,
the air-bone gap (ABG) reduced from 34.6 dB to 18.2 dB,
which could be assumed to be a good result (< 20).An-
other patient who reported no change in hearing had
mean AC threshold 63.8 dB HL before stapedotomy and
47.5 dB HL after stapedotomy. Mean BC threshold was
better after stapedotomy (22.5 dB HL) than before stape-
dotomy (30.8 dB HL). Comparing the improvement of AC
thresholds post-op with BC thresholds pre-op the
air-bone gap (ABG) reduction to 9.8 dB HL was obtained
which means that the result of the surgery was very good
(< 10 dB). Post-op BC thresholds improved by 8.3 dB so
the effect of the surgery was good (ABG = 18.1 dB).The
mean AC threshold for the next patient was 62.5 dB HL
pre-op and improved to 41.3 dB HL post-op. The ABG re-
duced from 33.6 dB to 10.25 dB, which means nearly very
good result.According to PTA results, considerable im-
provement of hearing was achieved due to stapedotomy,
but in the patients’ opinion it was not sufficient. The re-
duction of ABG after surgery or even closure of ABG
within 10 dB in patients with mixed hearing loss could
yield sensorineural hearing loss, which in some cases
could result in not full speech comprehension. For such
patients air conduction hearing aids are recommended.
The other possible cause of no change in hearing reported
by patients could be persistent tinnitus, which disturbed
full speech understanding.The pre-op AC thresholds for
the next patient were 80–100 dB HL for the frequencies
500–8000 Hz. The mean AC threshold was 93.8 dB HL
pre-op and 76.2 db HL post-op. The patients with pro-
found hearing loss and far-advanced otosclerosis present a
special challenge. It is important to find individual needs
and expectations of the patients and inform them about
possible benefits, i.e. reducing severity of tinnitus, provid-
ing better and more effective prosthetic correction of
hearing impairment by means of hearing aids.

Abbreviations
AUC: Area Under Curve; CGI-S: Clinical Global Impression Scale; ES: Effect size;
MIC: Minimal important change; PROMs: Patients-Related Outcome Measures;
ROC: Receiver operating characteristic; TFI: Tinnitus Functional Index;
THI: Tinnitus Handicap Inventory; THS: Tinnitus and Hearing Survey

Acknowledgements
The authors would like to express their gratitude to colleagues from the World
Hearing Center: Katarzyna Bieńkowska, M.Sc., Weronika Świerniak, M.Sc. and
Maria Gocel, B.Sc. for their help in collecting data.

Funding
No funding was granted for the study.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Authors’ contributions
HS conceived the study and supervised the project; EG performed statistical
analysis and was a major contributor in writing the paper; BD carried out the
project and wrote the paper; DRK and EAW analyzed and interpreted the
patient data; PHS helped supervised the project and contributed to the final
version of the manuscript. All authors read and approved the final manuscript.

Ethics approval and consent to participate
The study protocol was approved by the Ethics Committee at the Institute of
Physiology and Pathology of Hearing and every patient gave an informed
consent to participate in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Author details
1World Hearing Center, Institute of Physiology and Pathology of Hearing,
Mokra 17 Street, 05-830 Kajetany, Poland. 2Heart Failure and Cardiac
Rehabilitation Department, Medical University of Warsaw, Warsaw, Poland.
3Institute of Sensory Organs, Mokra 1 Street, Kajetany 05-830, Poland.

Received: 3 April 2018 Accepted: 23 October 2018

References
1. Menger DJ, Tange RA. The aetiology of otosclerosis: a review of the

literature. Clin Otolaryngol Allied Sci. 2003;28:112–20.
2. Markou K, Goudakos J. An overview of the etiology of otosclerosis. Eur Arch

Otorhinolaryngol. 2009;266:25–35.
3. Schrauwen I, Van Camp G. The etiology of otosclerosis: a combination of

genes and environment. Laryngoscope. 2010;120:1195–202.
4. Fish U. Stapedotomy versus stapedectomy. Otol Neurotol. 2009;30:1160–5.
5. Strömbäck K, Lundman L, Bjorsne A, Grendin J, Stjernquist-Desatnik A,

Dahlin-Redfors Y. Stapes surgery in Sweden: evaluation of a national-based
register. Eur Arch Otorhinolaryngol. 2017;274:2421–7.

6. Declau F, Van Spaendonck M, Timmermans JP, Michaels L, Liang J, Qiu JP,
et al. Prevalence of otosclerosis in an unselected series of temporal bones.
Otol Neurotol. 2001;22:596–602.

7. Karosi T, Sziklai I. Etiopathogenesis of otosclerosis. Eur Arch Otorhinolaryngol.
2010;267:1337–49.

8. Ayache D, Earally F, Elbaz P. Characteristics and postoperative course of
tinnitus in otosclerosis. Otol Neurotol. 2003;24:48–51.

9. Sparano A, Leonetti JP, Marzo S, Kim H. Effects of stapedectomy on tinnitus
in patients with otosclerosis. Int Tinnitus J. 2004;10:73–7.

10. Sobrinho PG, Oliveira CA, Venosa AR. Long-term follow-up of tinnitus
in patients with otosclerosis after stapes surgery. Int Tinnitus J. 2004;
10:197–201.

11. da Silva Lima A, Sanchez TG, Marcondes R, Bento RF. The effect of
stapedotomy on tinnitus in patients with otospongiosis. Ear Nose Throat J.
2005;84:412–4.

12. Rajati M, Poursadegh M, Bakhshaee M, Abbasi A, Shahabi A. Outcome of
stapes surgery for tinnitus recovery in otosclerosis. Int Tinnitus J. 2012;17:
42–6.

13. Bast F, Mazurek B, Schrom T. Effect of stapedotomy on pre-operative
tinnitus and its psychosomatic burden. Auris Nasus Larynx. 2013;40:530–3.

14. Ismi O, Erdogan O, Yesilova M, Ozcan C, Ovla D, Gorur K. Does stapes
surgery improve tinnitus in patients with otosclerosis? Braz J Otorhinolaryngol.
2017;83:568–73.

15. Dziendziel B, Skarżyński PH, Rajchel J, Skarżyńska MB, Skarżyński H. Ocena
częstości występowania i uciążliwości szumów usznych u pacjentów

Skarżyński et al. Health and Quality of Life Outcomes          (2018) 16:208 Page 8 of 9



poddanych operacyjnemu leczeniu otosklerozy - przegląd piśmiennictwa.
Nowa Audiofonologia. 2017;6:13–20.

16. Henry JA, Griest S, Zaugg TL, Thielman E, Kaelin C, Galvez G, et al. Tinnitus
and hearing survey: a screening tool to differentiate bothersome tinnitus
from hearing difficulties. Am J Audiol. 2015;24:66–77.

17. House HP, Hansen MR, Al Dakhail AAA, House JW. Stapedectomy versus
stapedotomy: comparison of results with long-term follow-up. Laryngoscope.
2002;112:2046–50.

18. Calmels M-N, Viana C, Wanna G, Marx M, James C, Deguine O, et al. Very
far-advanced otosclerosis: stapedotomy or cochlear implantation. Acta
Otolaryngol (Stockh). 2007;127:574–8.

19. Green JD, McElveen JT. Next generation shape memory prosthesis (NiTiBOND)
for stapedotomy: short-term results. Laryngoscope. 2016;127:915–20.

20. Skarżyński PH, Król B, Mrówka M, Porowski M, Skarżyński H. Ocena korzyści z
zastosowania protezek teflonowych w leczeniu otosklerozy. Nowa Audiofonologia.
2016;5:58–9.

21. Skarżyński H, Mrówka M, Młotkowska-Klimek P, Sitarz L, Wysocki J, Skarżyńska B.
Stapedotomia w zaawansowanej otosklerozie i tympanosklerozie. Audiofonologia.
2003;24:43–51.

22. Gersdorff M, Nouwen J, Gilain C, Decat M, Betsch C. Tinnitus and otosclerosis.
Eur Arch Otorhinolaryngol. 2000;257:314–6.

23. Terwee CB, Bot SDM, de Boer MR, van der Windt DAWM, Knol DL, Dekker J,
et al. Quality criteria were proposed for measurement properties of health
status questionnaires. J Clin Epidemiol. 2007;60:34–42.

24. Jaeschke R, Singer J, Guyatt GH. Measurement of health status. Ascertaining
the minimal clinically important difference. Control Clin Trials. 1989;10:407–15.

25. de Vet HCW, Terwee CB, Mokkink LB, Knol DL. Measurement in medicine: a
practical guide. Cambridge: Cambridge University Press; 2011.

26. Crosby RD, Kolotkin RL, Williams GR. Defining clinically meaningful change
in health-related quality of life. J Clin Epidemiol. 2003;56:395–407.

27. International Bureau for Audiophonology. BIAP Recommendation 02/1:
audiometric classification of hearing impairments. 1996. Available from:
https://www.biap.org/de/recommandations/recommendations/tc-02-
classification/213-rec-02-1-en-audiometric-classification-of-hearing-impairments/file

28. Raj-Koziak D, Gos E, Rajchel JJ, Piłka A, Skarżyński H, Rostkowska J, et al.
Tinnitus and hearing survey: a polish study of validity and reliability in a
clinical population. Audiol Neurootol. 2017;22:197–204.

29. Skarzynski PH, Raj-Koziak D, Rajchel JJ, Pilka A, Wlodarczyk AW, Skarzynski H.
Adaptation of the tinnitus handicap inventory into polish and its testing on
a clinical population of tinnitus sufferers. Int J Audiol. 2017;56(10):1–5.

30. Wrzosek M, Szymiec E, Klemens W, Kotyło P, Schlee W, Modrzyńska M, et al.
Polish translation and validation of the Tinnitus Handicap Inventory and the
Tinnitus Functional Index. Front Psychol. 2016;7 Available from: http://
journal.frontiersin.org/article/10.3389/fpsyg.2016.01871/full#supplementary-
material. [cited 2017 Feb 22].

31. Fackrell K, Hall D, Barry J, Hoare D. Tools for tinnitus measurement: development
and validity of questionnaires to assess handicap and treatment effects. Tinnitus
Causes Treat Short Long-Term Health Eff. New York: Nova Science Publishers
Inc; 2014. p. 13–60.

32. Meikle MB, Henry JA, Griest SE, Stewart BJ, Abrams HB, McArdle R, et al. The
tinnitus functional index: development of a new clinical measure for chronic,
intrusive tinnitus. Ear Hear. 2012;33:153–76.

33. Busner J, Targum SD. The clinical global impressions scale. Psychiatry
Edgmont. 2007;4:28–37.

34. Cohen J. Statistical power analysis for behavioral sciences. 2nd ed.
Hilldsdale: Lawrence Earlbaum Associates; 1988.

35. Eng J. Receiver operating characteristic analysis: a primer. Acad Radiol. 2005;
12:909–16.

36. Kleinbaum DG, Klein M. Logistic regression: a self-learning text. 2nd ed. New
York: Springer-Verlag; 2002. Available from: //www.springer.com/us/book/
9780387216478. [cited 2018 Apr 3]

37. Fackrell K, Hall DA, Barry JG, Hoare DJ. Psychometric properties of the
tinnitus functional index (TFI): assessment in a UK research volunteer
population. Hear Res. 2016;335:220–35.

38. Jayadevappa R, Cook R, Chhatre S. Minimal important difference to infer
changes in health-related quality of life-a systematic review. J Clin Epidemiol.
2017;89:188–98.

Skarżyński et al. Health and Quality of Life Outcomes          (2018) 16:208 Page 9 of 9

https://www.biap.org/de/recommandations/recommendations/tc-02-classification/213-rec-02-1-en-audiometric-classification-of-hearing-impairments/file
https://www.biap.org/de/recommandations/recommendations/tc-02-classification/213-rec-02-1-en-audiometric-classification-of-hearing-impairments/file
http://journal.frontiersin.org/article/10.3389/fpsyg.2016.01871/full#supplementary-material
http://journal.frontiersin.org/article/10.3389/fpsyg.2016.01871/full#supplementary-material
http://journal.frontiersin.org/article/10.3389/fpsyg.2016.01871/full#supplementary-material
http://www.springer.com/us/book/9780387216478
http://www.springer.com/us/book/9780387216478

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Surgery
	Measures
	Pure tone audiometry
	Patient-reported outcome measures (PROMs)

	Data analysis

	Results
	Discussion
	Conclusions
	Justification for the lack of subjectively perceived improvement of hearing after stapedotomy:For one patient who reported no change in hearing, mean air conduction (AC) threshold for frequencies: 0.5, 1, 2, 4 kHz was 80.0 dB HL before the surgery (pr...
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

