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Abstract

Background: Different standardized questionnaires are used to assess tinnitus severity, making comparisons across
studies difficult. These questionnaires are also used to measure treatment-related changes in tinnitus although they
were not designed for this purpose. To solve these problems, a new questionnaire - the Tinnitus Functional Index
(TFI) - has been established. The TFl is highly responsive to treatment-related change and promises to be the new
gold standard in tinnitus evaluation. The aim of the current study was to validate a German version of the TFI for a
German-speaking population in Switzerland.

Methods: At the ENT department of the University Hospital Zurich, 264 subjects completed an online survey
including the German version for Switzerland of TFI, Tinnitus Handicap Inventory (THI), Beck Depression Inventory
(BDI), Beck Anxiety Inventory (BAl) and sociodemographic variables. Internal consistency of the TFl was calculated
with Cronbach’s alpha coefficient. Pearson correlation coefficients were used for the test-retest reliability of the TFI
and to investigate convergent and discriminant validity between the THI and the BDI and BAI, respectively. Factor
analysis was assessed using a principal component analysis with oblique rotation. The different factors extracted
were then compared with the original questionnaire.

Results: The German version of the TFI for Switzerland showed an excellent internal consistency (Cronbach’s alpha
of 0.97) and an excellent test-retest reliability of 0.91. The convergent validity with THI was high (r=0.86). The
discriminant validity with BAI and BDI showed moderate results (BAI: r=0.60 and BDI: r=0.65). In the factor analysis
only five factors with one main factor could be extracted instead of eight factors as described in the original
version. Nevertheless, relations to the original eight subscales could be demonstrated.

Conclusion: The German version of the TFI for Switzerland is a suitable instrument for measuring the impact of
tinnitus. The reliability and validity of this version are comparable with the original version of the TFI. Although this
study showed only five factors in the factor analysis, relations to the original eight subscales were identified.
Therefore, the German version of the TFI for Switzerland can deliver relevant information regarding the different
tinnitus domains.

Trial registration: Clinical trial registration number on clinicaltrial.gov: NCT01837368.
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Background

Tinnitus is an auditory perception of sound in the ab-
sence of a corresponding external acoustic stimulus.
Chronic tinnitus is a frequently occurring condition with
reported prevalence rates ranging from 2.4 to 20% [1].
Although most people with tinnitus either cope with or
habituate to the acoustic stimulus and thus report it hav-
ing no impact on their quality of life, some people suffer
from more severe tinnitus and view it as a debilitating
condition that affects their quality of life and causes
them to seek medical evaluation [2, 3].

The lack of objective means for measuring tinnitus ne-
cessitates the use of self-report questionnaires for its
evaluation [4]. To this end, several psychometric ques-
tionnaires have been developed to assess the different
aspects of daily life that are affected by tinnitus, such as
such as concentration, sleep, emotional distress, tinnitus
annoyance, and the quality of life in general. These ques-
tionnaires enable the evaluation of tinnitus severity: for
example, the validated Tinnitus Handicap Inventory
(THI) categorizes the total score into five levels of
tinnitus severity (slight, mild, moderate, severe and
catastrophic tinnitus) [5]. A problem, however, is that
these questionnaires use different scaling, wording of
items, and formatting, and have not been prospectively
evaluated for assessing responsiveness, which makes it
difficult to compare the outcomes of different trials and
to determine the effectiveness of the investigated
interventions [6]. To overcome these shortcomings, the
Tinnitus Research Consortium (TRC) supported the de-
velopment and evaluation of a new outcome measure
for tinnitus [7], with the aim of improving tinnitus re-
search [7]. Consequently, Meikle et al. (2012) developed
and validated the new Tinnitus Functional Index (TFI)
at Oregon Health and Science University (OHSU) [7, 8].

The TFI was developed to provide a scaling of tinnitus
severity, an identification of tinnitus domains with im-
pact on the tinnitus severity, and a responsive measure-
ment of change in tinnitus severity [8, 9]. By using
exploratory factor analysis, the tinnitus domains were
defined into eight different subscales (factors): intrusive-
ness, sense of control, cognition, sleep, auditory, relax-
ation, quality of life, and emotional distress [8, 9]. Since
2012, the TFI has been translated into different languages
and these translated versions have been validated in sev-
eral countries (e.g., Poland, Sweden, the United Kingdom,
and the Dutch speaking population of Belgium) [2, 9-11].
However, to our knowledge there is no validated German
version for Switzerland of the TFL Such a version could
be used as a standard instrument in both clinical and
research settings due to the TFI's responsiveness to
treatment-related changes, its comprehensive coverage of
the domains of tinnitus impact, and its other psychomet-
ric properties [8, 12, 13].
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The original version of the TFI had a Cronbach’s alpha of
0.97 and a test-retest reliability of 0.78 [8, 10, 12, 13]. Fur-
thermore, the convergent validity with the THI (r=0.86)
and the Visual Analogue Scale (VAS) (r=0.75) showed a
high correlation [8, 13], and the discriminant validity
yielded good results with the Beck Depression Inventory
(BDI) (r=0.56) [8, 13]. Moreover, the TFI was highly re-
sponsive to treatment-related change with a larger effect
size than that of the THI and VAS [8].

The aim of this prospective study was to validate the
German version for Switzerland of the TFIL To this end,
the internal consistency and the factor structure of the
translated TFI, as well as the convergent and divergent
validity between the THI, the BDI and Beck Anxiety
Inventory (BAI), respectively, were analyzed.

Methods

Participants

This study was a prospective, non-interventional, obser-
vational trial in patients suffering from tinnitus. The
study was approved by the ethical committee of the
Canton of Zurich and was registered on clinicaltrial.gov
(NCTO01837368). All participants gave their electronic
consent by ticking a consent box before starting to an-
swer the questionnaires online.

From February 2014 until April 2016, 434 patients
(176 female (41.0%)) with a primary complaint of tin-
nitus were asked in a personalized letter to participate in
the study. These patients were transferred to the depart-
ment of Otorhinolaryngology at the University Hospital
Zurich for further investigation and possible treatment
options for their tinnitus. Four weeks before their
planned consultation, these patients were then sent a
letter requesting them to complete an online survey
consisting of the TFI [8], THI [5], BDI [14], BAI [15],
self-perceived tinnitus loudness, and their annoyance
about the tinnitus. Of the 264 subjects who completed
the first online survey, 128 patients (every second pa-
tient) were randomly selected two to three weeks before
their consultation to complete a second survey that in-
cluded only the TFI for the purpose of retesting.

Patients were included in the study only if they re-
ported having tinnitus for a minimum of one month,
were fluent in the German language, at least 18 years
old, and had sufficient computer skills to participate in
an online survey.

Out of the initial 434 patients, 264 (104 female
(39.4%)) completed the first survey. Fifteen patients were
not included due to an insufficient knowledge of the
German language and 155 patients declined to partici-
pate in the study. Out of the 264 subjects who com-
pleted the first survey, 128 were randomly selected and
asked to answer the second survey. Eighty-six subjects
completed the second survey within the accepted period
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of a minimum of 7 and a maximum of 21 days between
the two surveys, and could thus be included in the test-
retest reliability analysis. In 13 subjects the period be-
tween answered questionnaires was too short and in 15
subjects, too long. Fourteen patients did not answer the
second survey.

Assessment

The TFI [8] is a newly-designed questionnaire for tin-
nitus assessment and treatment outcome measurement.
The TFI consists of 25 items with a response option on
an 11-point Likert scale from 0-10, with descriptors at
both ends of the scale. Questions 1 and 3 are exceptions
because they are expressed in percentages ranging from
zero to 100%. Before performing any calculation, these
answers must be transformed onto a 0-10 scale. The
overall TFI score is calculated by multiplying the mean
of all answered questions by 10. A minimum of 19 ques-
tions have to be answered to calculate a valid overall TFI
score. As a result, the overall TFI score ranges from zero
to 100, independent of the number of answered ques-
tions. Based on data collected during the development
of the TFI, the overall TFI score can be categorized into
five levels of tinnitus severity [12]: not a problem (0 to
17), small problem (18 to 31), moderate problem (32 to
53), big problem (54 to 72), very big problem (73 to
100). Furthermore, the items can be grouped into 8 sub-
scales: intrusiveness (Items (I): 1-3), reduced sense of
control (I: 4-6), cognitive interference (I: 7-9), sleep dis-
turbance (I: 10-12), auditory difficulties attributed to tin-
nitus (I: 13-15), interference with relaxation (I: 16—-18),
reduced quality of life (I: 19-22), and emotional distress
(L: 23-25). The calculation of a subscale score employs the
same method as is equal to the calculation for the overall
TFI score (i.e., the mean of answered questions in a sub-
scale multiplied by 10) and ranges from zero to 100.

The translation of the original English version into a
German version of TFI for Switzerland was initiated by
Auris Medical, a Swiss biopharmaceutical company, in co-
operation with the Oregon Health & Science University
(“OHSU”) using a translation-back translation procedure
according to the “Principles of Good Practice for the
Translation and Cultural Adaptation Process for Patient-
Reported Outcomes (PRO) Measures” [13, 16]. The
German version of TFI for Switzerland has been transferred
into an online version. To avoid several sequence effects in
the test construction [17], the items were randomized using
random.org (item order: 22, 14, 24, 23, 8, 18, 16, 4, 3, 6, 25,
20, 13,2, 21,12, 19, 10,7, 17, 11, 1, 15, 5, 9).

To determine convergent validity for the TFI the THI
[5], and as a discriminant validity the BDI [14] and the
BAI [15], respectively, were assessed.

The questionnaire used to assess the convergent valid-
ity, the THI [5], is an earlier instrument for tinnitus
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assessment. In our study we used the validated German
version with 25 questions [18]. Each question has three
response options: yes (4 points), sometimes (2 points),
and no (0 points). Consequently, the THI total score
ranges from zero to 100.

The BDI [14] and the BAI [15] were used to assess de-
pressive and anxiety symptoms, respectively. Each ques-
tionnaire consists of 21 items with four response options
(0 to 3) and has a total score ranging from zero to 63.

Furthermore, the patients were asked to rate their self-
perceived tinnitus loudness and their annoyance about
the tinnitus on an 11-point Likert scale from 0-10.

Statistical analysis

To measure the reliability of the German version of the
TFI for Switzerland, internal consistency was calculated
with Cronbach’s alpha coefficient. Pearson correlations
were performed for all correlations and the test-retest
reliability of the TFL. The convergent validity of the TFI
compared with THI, and the discriminant validity of the
TFI with BDI and BAI was analyzed using Pearson cor-
relation coefficients.

For the factor analysis, Bartlett’s test of Sphericity and
the Kaiser-Meyer-Olkin (KMO) test were calculated to
evaluate the appropriateness of a factor analysis [19]. A
principal component analysis with oblique rotation was
applied to extract different factors. To determine the
number of factors, two different criteria were used. First,
the scree test consisting of a scree plot with eigenvalues
on the Y-axis and component numbers on the X-axis

Table 1 Demographic and clinical characteristics of 264
patients with tinnitus

Mean SD
Age, years 486 13.6
TFI total score (0-100) 40.65 23.20
THI total score (0-100) 43.79 23.99
BDI total score (0-63) 8.95 7.34
BAI total score (0-63) 10.53 9.38
Duration of tinnitus, month 725 101.3
Number of Patients %
Gender, female/male 104/160 39.4/60.6
Partnership, yes/no 177/87 67.0/33.0
TFI Tinnitus severity categories
Not a problem (0 to 17) 47 17.8
Small problem (18 to 31) 60 227
Moderate problem (32 to 53) 78 295
Big problem (54 to 72) 50 189
Very big problem (73 to 100) 29 11.0

TFI Tinnitus functional index, TH/ Tinnitus handicap inventory, BDI Beck
depression inventory, BAl Beck anxiety inventory, Partnership: married and
unmarried relationship
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was applied. In this plot, all data points that are above
the point of inflexion reflect the number of factors. To
determine the point of inflexion, a horizontal line and a
vertical line starting from each end of the curve are
drawn [20]. Second, the Jolliffe’s criterion has a sug-
gested cut-off for eigenvalues greater than 0.7 [21]. The
significance level was set at p <0.05 (two sided), unless
otherwise specified. SPSS (Statistical Packages for Social
Sciences, version 23.0, SPSS Inc., Chicago, IL, USA) was
used for all statistical analyses.

Results

A total of 264 subjects were included in this study. The
mean age of participants was 48.6 years (+13.6 SD, range
18-81 vyears), 104 (39.4%) were female, and the mean
duration of tinnitus was 72.5 months (+101.3 SD, range
1-540 months). Further demographic and clinical char-
acteristics are presented in Table 1.
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The distribution of the overall TFI scores is displayed
in Fig. 1. Cronbach’s alpha of the TFI was 0.97 and the
test-retest reliability of the TFI was excellent with a reli-
ability of 0.91 (both p <0.001). The convergent validity
of TFI compared with THI total score showed a high
correlation of 0.86 (p <0.001) and the discriminant val-
idity of TFI when compared with BAI was 0.60, and
0.65 with BDI (both p<0.001). The correlation of
the overall TFI score with tinnitus annoyance was
0.71, and 0.51 with self-perceived tinnitus loudness
(both p <0.001).

The Bartlett’s test of Sphericity was significant
(<0.0001), indicating that the items of the TFI were cor-
related. A high KMO ratio of 0.96 for the TFI implied
that a factor analysis should present distinct and reliable
factors. A principal component analysis with oblique ro-
tation was applied and the resulting communalities
ranged from 0.50 to 0.95. The number of components of
the TFI was defined based on the eigenvalues. The scree

25 —
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Overall TFI Score from 0 to 100

Fig. 1 Distribution, mean and SD of the overall TFI score. The frequency of a specific overall TFI score diagramed in 5 point steps

Mean = 40.65
Standard Deviation = 23.20
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plot showed a very sharp decline after the first factor
(Fig. 2), and virtually drawn horizontal and vertical lines
starting from each end of the curve indicated that only
one factor point was above the point of inflexion. How-
ever, by applying Jolliffe’s criterion, a five-factor structure
could be retained (Table 2) and these five factors ex-
plained 82.70% of the total variance. With reference to
the original TFI’s eight factors, a principal component
analysis with oblique rotation and eight fixed factors was
performed (Table 3). Although the eigenvalues of the last
factors were smaller than 0.7, there were correlations be-
tween the items and their factors. Only Factor 8, stand-
ing for sense of control, was represented by only one
item, number 4. Items 5 and 6 were also expected to
correlate with this factor but did not. Rather, Item 6
correlated strongly with Factor 1 (intrusiveness), and
Item 5 did not correlate strongly with any factor. In
addition, Item 22 correlated more strongly with Factor
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4 (cognitive interference) than the expected Factor 7
(reduced quality of life).

Discussion

The German version of the TFI for Switzerland showed
an excellent internal consistency (Cronbach’s alpha of
0.97) similar to the English version (Cronbach’s alpha of
0.97), and an excellent test-retest reliability of 0.91,
which exceeds that of the original version (r=0.78) [8].
The convergent validity with THI was high (r = 0.86) and
comparable to the English version (r=0.75) [8]. Further-
more, the scores for tinnitus annoyance on the 11-point
Likert scale correlated strongly with the TFI (r=0.71).
However, the correlation between self-perceived tinnitus
loudness and the TFI was only 0.51. Rabau et al. [10]
demonstrated correlations of a similar strength between
VAS mean loudness and the TFI of 0.66, and VAS max-
imum loudness with the TFI of 0.59. Fackrell et al. [9]

Scree Plot
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Fig. 2 Scree Plot of principal component analysis with oblique rotation. The scree plot showed a very sharp decline after the first factor. A virtually
drawn horizontal and vertical line starting from each end of the curve indicated only one factor point above the point of inflexion
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Table 2 Principal component analysis with oblique rotation
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[tem Factor

1 Cognitive, Quality of Life, Emotional 2 Intrusive, Sense of Control 3 Auditory 4 Sleep 5 Relaxation
8 739 157 .349 153 272
20 733 383 .041 271 232
21 719 285 405 202 .028
19 704 284 459 190 .037
25 693 A71 135 255 258
22 676 233 370 206 216
7 648 170 .398 170 407
23 647 472 151 185 287
9 .603 410 299 192 315
24 .589 552 163 201 283
1 251 813 193 182 153
3 296 774 259 179 250
6 .303 759 134 169 251
2 258 716 312 181 .245
5 497 .607 .200 304 262
4 184 .596 202 240 107
13 225 193 .880 .061 138
14 283 211 .864 134 .140
15 .339 334 .807 173 010
" 242 232 142 .885 195
10 .198 261 101 .869 247
12 252 231 155 .865 203
18 238 .342 121 294 791
16 342 .380 137 310 715
17 406 .346 113 .346 681
Initial Eigenvalue 15.26 2.10 1.36 1.15 80
% of variance 61.06 841 544 4.60 320
Cumulative % 61.06 69.46 74.90 79.50 82.70

Appling the Jolliffe's criterion (eigenvalues >0.7) five factors could be extracted. The correlations between each item and the five factors are shown. The
eigenvalues of each factor and its corresponding variance are also presented. The values less than 0.4 are italic

found an even weaker correlation between VAS loudness
and TFI of 0.46. Similarly, other studies have also found
that the correlation of subjective tinnitus loudness with
THI was <0.5 [22, 23]. Nevertheless, Wrzosek et al. [11]
showed a strong correlation between VAS loudness and
TFI of 0.76, but also a weaker correlation with the THI of
0.61. In the original version, Meikle et al. [8] demonstrated
a strong correlation of 0.75 between VAS tinnitus severity
and the TFI. A possible explanation for this discrepancy
could be that the two scales of tinnitus loudness and tin-
nitus severity measure different aspects of tinnitus.

The discriminant validity with BAI showed a moderate
result of 0.60. In the original version, the discriminant val-
idity was calculated using the BDI (r=0.56) [8], and this
result was slightly higher in our population (r = 0.65).

To follow, a factor analysis was performed to extract the
different factors of the TFIL. The scree plot of the German
version indicated only one dominant factor with a high
eigenvalue of 1526 and all following eigenvalues < 2.1.
Nevertheless, using the Jolliffe’s criterion (eigenvalues >0.7),
five factors could be extracted. Other studies have also
failed to reproduce the original eight factor structure
[2, 9-11]. For example, in the validation of the Dutch
TFI [10] 7 factors were found; for the Polish TFI [11], 5
factors were identified when using a criterion for eigen-
values >1.0 (had they applied the Jolliffe’s criterion there
would have been 6 factors); and in the Swedish TFI [2] val-
idation, 6 factors were extracted. The discrepancy between
our study and the original version [8] could be due to the
randomization of the items and the consequential
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Table 3 Principal component analysis with oblique rotation with fixed eight factors

[tem Factor

T Intrusive 2 Auditory 3 Sleep 4 Cognitive 5 Relaxation 6 Emotional 7 Quality of Life 8 Sense of Control
1 845 193 207 114 .180 138 213 .045
3 767 251 198 203 263 164 175 153
[§ .742° 17 191 271 236 181 110 .224°
2 679 326 204 157 245 259 .090 126
13 149 891 .062 177 153 .069 122 .086
14 167 872 146 261 121 158 065 079
15 292 .822 177 198 .040 136 .246 .088
" 187 143 .888 145 212 119 157 .085
10 224 097 874 138 253 110 101 .086
12 181 155 872 179 202 159 109 .093
8 170 293 174 754 199 226 247 106
7 220 327 189 730 .340 .095 215 .095
22 254 337 237 .657° .140 .303 .193° 030
9 414 279 213 514 288 265 256 067
18 .280 143 296 178 799 225 .029 .060
16 316 151 303 220 754 174 192 118
17 292 118 339 281 718 169 235 116
23 323 214 203 364 270 679 194 135
24 400 231 215 276 292 635 224 .148
25 344 194 253 298 318 515 449 122
21 256 413 .188 .368 123 160 663 075
20 .268 .088 251 285 338 381 620 137
19 .260 466 181 383 116 173 612 059
4 307 193 199 19 158 163 109 .862
5 485 254 314 207 292 489 253 1518
Initial Eigenvalue 15.26 2.10 1.36 1.15 80 61 53 A48
% of variance 61.06 841 544 4.60 3.20 244 213 1.90
Cumulative % 61.06 69.46 74.90 79.50 82.70 85.14 87.27 89.18

The correlations between each item and the fixed eight factors are shown. The eigenvalues of each factor and its corresponding variance are also presented.
Although the eigenvalues of the last factors were smaller than 0.7, there are correlations between the items and their factors. Exceptions are the following three
items (marked with? and as well in boldface): TFI_6, TFI_22, TFI_5. The values less than 0.4 are italic

disruption of the initial order sequence with the corre-
sponding heading used in the original paper version. To
verify this hypothesis another German-speaking popula-
tion should be tested with a non-randomized version.

Of our extracted five factors, Factor 1 included three
subscales of the original TFI consisting of cognitive
interference, reduced quality of life and emotional dis-
tress. This finding is not unexplainable because quality
of life has already been found to be associated with cog-
nitive functions and emotional distress [24]. This inter-
pretation is further supported by findings from the
validation of the Dutch TFI, in which the subscales cog-
nitive interference and reduced quality of life were sum-
marized in one factor [10].

To verify the eight subscales of the original TFI [8], a
factor analysis with eight fixed factors was performed.
Despite the fact that the eigenvalues of the last three
factors were smaller than 0.7, correlations between the
items and their corresponding factors could be demon-
strated. Only the last factor, Factor 8 (sense of control),
was represented by only one item, number 4. The other
items which were expected to correlate with this factor,
Items 5 and 6, did not. Item 5 did not correlate strongly
with any factor and Item 6 was strongly correlated with
Factor 1 (intrusiveness). Interestingly, in the initial factor
analysis without eight fixed factors, the two factors in-
trusiveness and sense of control were in the same factor.
Furthermore, Item 22 correlated more strongly with
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Factor 4 (cognitive interference) than with the expected
Factor 7 (reduced quality of life). These two factors were
also summarized in one factor in the factor analysis
without eight fixed factors.

Overall, the results of this study are similar to those
from other studies validating the TFI in different lan-
guages [2, 10, 11]. To our knowledge, the current study
is the first to validate a German version for Switzerland of
the TFL In line with the Tinnitus Research Consortium’s
intention that a new international outcome questionnaire
for tinnitus symptoms be developed, the German TFI for
Switzerland is suggested here as a standard instrument for
clinical and research settings. Despite these promising re-
sults, we have to acknowledge some limitations to our
study. First, as mentioned above, we chose to randomize
the items of the TFL. While we consider randomization to
be an appropriate method for avoiding several sequence
effects in the test construction [17], this change may have
prevented us from replicating the original 8-factor struc-
ture. However, the exact impact that using a randomized
TFI had on the results remains unclear and further re-
search is needed to investigate this issue. One possibility
would be to compare two groups, one having completed
the original TFI and the other a randomized version of the
TFL A second limitation is that nearly 40% of patients re-
fused to take part in the study. It is therefore not possible
to confidently exclude recruiting biases. However, the dis-
tribution between the sexes in the population of those
who refused to take part in the study is similar (72 female
(42.4%)) to that of the participants of our study. Further-
more, the demographic and clinical data show that our
population, with a mean TFI of 40.65 and a standard devi-
ation (SD) of 23.20, is almost identical to the investigated
population in the United Kingdom ([9], mean 40.6, SD
20.01). Further, compared to the populations of the ori-
ginal version ([8], mean 54.4, SD 24.7), the Swedish ver-
sion ([2], mean 55.3, SD 19.9), and the Polish version
([25], mean 46.7, SD 22.5), the population mean and SD
in our study were lower. Nevertheless, a balanced distribu-
tion of the tinnitus severity measured by the TFI categor-
ies was demonstrated in our population. The refusal rate
of 40% can be partly explained with reference to the
including procedure. Even before the first consult-
ation, potential participants were asked to participate
in the test and retest. This was necessary because the
first consultation in our clinic includes substantial
psychoeducation on tinnitus which had the potential
to influence the results. Third, although the assessed
test and re-test reliability were excellent, we did not
investigate changes over time due to therapy. There-
fore, we do not know how much change in the over-
all TFI score is required to be clinically significant in
the German-speaking population. Further studies are
needed to address this question.
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Conclusion

Taken together, our study demonstrated that the
German version of the TFI for Switzerland is a suitable
instrument for measuring the impact of tinnitus. The re-
liability and validity of this version are very good and
comparable with the original version of TFI [8]. Despite
the fact that in this study only five factors instead of
eight could be extracted, we demonstrated relations to
the original eight subscales. By this reckoning, the
German version of the TFI for Switzerland can give rele-
vant information about the different domains of tinnitus.
Future studies should investigate (1) whether a non-
randomized questionnaire can more accurately replicate
the factor-structure of the original version, and (2) which
change in the sum score of the questionnaire is required
to be clinically significant in German-speaking Swiss tin-
nitus patients.
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