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ORIGINAL ARTICLE

Psychometric properties of the Swedish version of the international outcome 
inventory – alternative interventions (IOI-AI) – ear surgery (IOI-AIop)

Ylva Dahlin Redforsa,b , Andreas Bj€orsneb,c,d and Caterina Finiziaa,b 

aDepartment of Otorhinolaryngology, Head and Neck Surgery, Institute of Clinical Sciences, Sahlgrenska Academy, University of Gothenburg, 
Gothenburg, Sweden; bDepartment of Otorhinolaryngology, Head and Neck Surgery, Region V€astra G€otaland, Sahlgrenska University Hospital, 
Gothenburg, Sweden; cUnit of Audiology, Department of Health and Rehabilitation, Institute of Neuroscience and Physiology, University of 
Gothenburg, Gothenburg, Sweden; dHearing Organization, Habilitation & Health, Region V€astra G€otaland, Gothenburg, Sweden 

ABSTRACT 
Objective: The aims of this study were to adapt the Swedish version of the International Outcome 
Inventory for Hearing Aids (IOI-HA) to the International Outcome Inventory for Alternative Interventions 
(IOI-AI) in the context of ear surgery (IOI-AIop) and to test the psychometric properties.
Design: The validated Swedish questionnaire IOI-HA was adapted to the IOI-AIop by omitting the ques
tion about hearing aid use and changing the term “hearing aid” to “surgery” in the remaining items. The 
validity, component structure and reliability of the IOI-AIop were assessed.
Study sample: Subjects diagnosed with otosclerosis and undergoing stapedotomy were included in the 
study (n¼ 162).
Results: High mean scores were noted for all items. Ceiling effects were noted, most pronounced for the 
satisfaction item. Principal component analysis (PCA) yielded a two-component structure explaining 
77.5% of the variance. The test-retest reliability measured by intra class correlation coefficient was >0.9, 
and the internal consistency coefficient measured by Cronbach’s alfa was >0.8.
Conclusion: The IOI-AIop showed good psychometric properties. However, ceiling effects were observed. 
The two-component solution was in line with previous factor analyses of the IOI-HA and the IOI-AI. The 
comprehensive IOI-AIop is recommended as a useful tool to evaluate patient perspectives after ear 
surgery.
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Introduction

Hearing is one of the most important senses for communicating 
and interacting with other people. Another important feature of 
hearing is that it gives us information about our surroundings. 
Losing the ability to hear or experiencing uncorrected hearing 
loss can have a substantial impact on everyday life, leading to 
difficulties in conversations, social isolation, lower quality of life, 
depression and an increased risk of developing dementia 
(Arlinger 2003).

To assess hearing and aspects related to hearing disability, 
audiometry must be accompanied by patient-related outcome 
measures (PROMs). PROMs can assess the subjective impact of 
hearing loss as well as the outcome of hearing rehabilitation, 
regardless of whether the intervention is hearing aid acquisition 
or ear surgery. A vast majority of existing questionnaires and 
studies are related to pure sensorineural hearing loss. In mixed 
or conductive hearing loss, there are sometimes other treatment 
options, such as middle ear surgery, middle ear implants and 
bone-anchored hearing aids, where fewer PROMs are available.

In systematic reviews analysing outcomes after treatment for 
mixed or conductive hearing loss the authors concluded that 

there is an underuse of PROMs. Only 22% of the assessed 
articles contained a PROM and only 11% in middle ear surgery 
(Hill-Feltham et al. 2021; Ostevik et al. 2021). In mixed and con
ductive hearing loss the most frequently used questionnaires 
were the Abbreviated Profile of Hearing Aid Benefit (APHAB) 
and Glasgow Benefit Inventory (GBI). In ear surgery, the most 
frequently used questionnaires were the APHAB and Speech, 
Spatial and Quality of Sounds (SSQ) (Cox and Alexander 1995; 
Gatehouse and Noble 2004; Robinson, Gatehouse, and Browning 
1996). It is important that an assessment tool covers key areas of 
importance for hearing health (Granberg et al. 2014). The 
APHAB and SSQ lack items related to psychological issues, while 
the GBI is an intervention-specific questionnaire in otorhino
laryngology and lacks items related to hearing. To date, there is 
no golden standard. A questionnaire that could be used between 
different populations and interventions to facilitate comparison, 
especially in areas of conductive or mixed hearing loss with 
treatment modality options is needed. The International 
Outcome Inventory for Hearing Aids (IOI-HA), is a comprehen
sive 7-item questionnaire initially developed to assess hearing aid 
outcomes in a research context (Cox and Alexander 2002; Cox, 
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Alexander, and Beyer 2003). The IOI-HA has been validated and 
has been shown to have good psychometric properties. 
Furthermore, the IOI-HA has been translated into many lan
guages, including Swedish (Br€annstr€om and Wennerstr€om 2010; 
€Oberg, Lunner, and Andersson 2007). The questionnaire has 
been recommended as an assessment tool to compare interven
tion outcomes. It is short, with only a few items covering key 
areas. Furthermore, it is not dependent on cultural activities or 
context (Granberg et al. 2014). IOI-HA has been used both in 
the context of hearing aid acquisition and in the area of implant
able hearing aids such as bone-anchored hearing aids, middle ear 
implants and cochlear implants (Arlinger, Nordqvist, and €Oberg 
2017; Heggdal et al. 2021; Zahnert et al. 2016).

A version for non-hearing aid-based interventions has also 
been developed, the International Outcome Inventory – 
Alternative Interventions (IOI-AI). Three possible areas of use 
were proposed (1) hearing assistive technology, (2) training and/ 
or counselling, and (3) aural surgery (Noble 2002). The IOI-AI 
has above all been used to evaluate communication programs 
and has shown good psychometric properties (Hickson, Worrall, 
and Scarinci 2006; Kramer et al. 2005). For the IOI-AI aural sur
gery, a six-item version was suggested, with the question about 
hearing aid use omitted (Noble 2002). To our knowledge, the 
IOI-AI in the context of ear surgery (IOI-AIop) has not been 
commonly used. The comprehensive IOI-AIop could be a useful 
tool to assess patients’ perspectives in the context of The 
Swedish National Quality Register for Otosclerosis Surgery since 
a validated patient reported outcome measures is missing.

The aim of this study was to analyse the psychometric prop
erties of the IOI-AIop by testing its validity and reliability in a 
group of otosclerosis subjects who underwent stapedotomy.

Methods

Adaptation of the questionnaire

The IOI-AIop was developed by adapting the Swedish version of 
the IOI-HA to the aural surgery context. Question 1 (hearing aid 
use) was omitted, and in the following six questions, the word 
“hearing aid” was changed to “surgery” (Noble 2002).

Validation of the Swedish version of the IOI-AIop

Study population
The study population consisted of two cohorts of subjects with 
hearing loss due to otosclerosis.

The first cohort was part of a larger prospective study. These 
subjects were included prospectively at two university clinics 
during 2017–2021 prior to surgical intervention (stapedotomy). 
The subjects were invited to participate in the study when visit
ing the clinic and were included after given informed consent. 
The inclusion criteria were as follows: (1) ages 20–65 years, (2) 
healthy without severe chronic health issues, and (3) air conduc
tion (AC) PTA4 (mean of frequencies 0.5, 1, 2 and 4 kHz) �
30 dB HL and bone conduction (BC) PTA4 � 40 dB HL. Air 
bone gap (ABG) at 0.5 and 1 kHz > 20 dB. 4) Good knowledge 
of the Swedish language.

The subjects were divided into two groups based on their 
prior experience with hearing aid use.

The second cohort was recruited from the Swedish quality regis
ter for otosclerosis surgery 1–2 years after stapedotomy. The inclu
sion criteria were as follows: (1) registered in the quality register for 
otosclerosis surgery, (2) stapedotomy performed in 2017–2019 and 

(3) had one-year follow-up. The subjects were invited to participate 
in the study with oral and written information. After giving 
informed consent, they were included in the study.

The included groups were as follows: Group STp) “primary 
stapedotomy” – stapedotomy without prior hearing aid use or 
prior ear surgery, included from the prospective group; Group 
STs) “secondary stapedotomy” – stapedotomy after prior hearing 
aid use, included from the prospective group; Group STq) stape
dotomy included from the Swedish quality register for otoscler
osis. Sixty seven percent of the subjects in the STq group had 
hearing aid experience.

The subjects completed the IOI-AIop, Glasgow Benefit 
Inventory (GBI), Glasgow Hearing Aid Benefit Profile (GHABP), 
Short Form Health Survey 36 (SF-36) and Hospital Anxiety 
and Depression Scale (HADS) at 6 and 12 months after the inter
vention. The cohort from the quality register completed the 
questionnaires 12–24 months after the intervention. The ques
tionnaires were sent via e-mail, and the responses were collected 
in an analysis platform (esMakerVR , Entergate). Subjects who did 
not answer the questionnaire in 2–3 weeks were given one 
reminder. For test-retest reliability measures, 21 subjects 
answered the questionnaire a second time within 3 weeks of 
completing the first questionnaire. The subjects who answered 
the test-retest questionnaires were chosen to represent the whole 
cohort in age (mean age 47.5 years), sex (67% women) and inclu
sion group (43% from the quality register).

Questionnaires
IOI-AIop 

The IOI-AIop was developed from the seven-item questionnaire 
IOI-HA by omitting the first item about hearing aid use and 
changing the word “hearing aid” to “surgery” in all remaining 
items. Hence, the IOI-AIop comprises six items (1) benefits, (2) 
residual activity limitations (RAL), (3) satisfaction, (4) residual 
participation restriction (RPR) (5) impact on others and (6) 
quality of life (Noble 2002). Each item is scored on a Likert scale 
ranging from 1 to 5, where 5 represents the most favourable out
come. Factor analyses of the IOI-HA and IOI-AI have revealed a 
two-factor structure: Factor 1 (questions 1, 2, 4 and 7) represents 
hearing aid satisfaction, and Factor 2 (questions 3, 5 and 6) rep
resents participation restrictions, meaning that the responses can 
be categorised and described by two factors (Cox and Alexander 
2002; Kramer et al. 2002). Factors are calculated by adding the 
scores from the included items. Since item 1(use) was omitted in 
the IOI-AIop, only items 2, 4 and 7 (benefit, satisfaction and 
QoL) were included in what is referred to as Factor 1op in the 
analysis. Thus, the possible range of scores for both Factor 1op 

and Factor 2op were 3–15 (Cox and Alexander 2002).

GBI. The GBI is a generic questionnaire that is administered after 
interventions in the field of otorhinolaryngology. The question
naire was developed by Robinson, Gatehouse, and Browning 
(1996). The questionnaire includes 18 items that are divided into 
three subscales: general health (12 items), social support (3 items) 
and physical health (3 items). The items are answered using a 
Likert scale ranging from 1 to 5. The subscales are then trans
formed to scores ranging from −100 to þ100. Zero represents no 
change, −100 the worst scenario and þ100 the best. It was 
recently translated and validated in Swedish (Redfors et al. 2019).

GHABP. The GHABP was developed by Gatehouse in 1999 to be 
used in hearing aid rehabilitation (Gatehouse 1999). The 
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questionnaire measures initial and residual disability, initial handi
cap and hearing aid benefit, satisfaction and use in predefined lis
tening situations. The predefined listening situations are as follows: 
(1) listening to the television when the volume is adjusted for 
others, (2) having a conversation with one person in quiet, (3) hav
ing a conversation on a busy street or in a shop, and (4) having a 
conversation with several people in a group. The items are 
answered using a five-graded Likert scale (1 to 5). The subscales 
(initial and residual disability, initial handicap, hearing aid benefit, 
satisfaction and use) are developed by calculating the mean value 
of the different listening situations. A higher score for the disability 
and handicap subscales indicate a higher degree of disability and 
handicap. While, a higher score for the use, satisfaction and benefit 
subscales indicate a more favourable outcome. The questionnaire 
has recently been translated to Swedish and has been shown to 
have good psychometric properties (Dahlin Redfors, J€onsson, and 
Finizia 2022).

SF-36. The SF-36 is a generic questionnaire assessing health- 
related quality of life (Gandek et al. 2004; Stewart 1992). The 
questionnaire encompasses both physical and mental health 
aspects across 36 items and 8 subscales, including physical func
tioning (FP), role limitations due to physical problems (RP), bod
ily pain (BP), general health (GH), vitality (VT), social functioning 
(SF), role limitations due to emotional problems (RE), and mental 
health (MH). A score is calculated for each subscale. The score 
range between 0 (worse) and 100 (best). Two summary scores are 
then calculated; the physical component summary (PCS) and the 
mental component summary (MCS) (Stewart 1992). The question
naire has been validated and translated into Swedish and has been 
shown to have good psychometric properties comparable with the 
original studies (Sullivan and Karlsson 1998; Sullivan, Karlsson, 
and Ware 1995; Taft, Karlsson, and Sullivan 2004).

HADS. The HADS is a frequently used questionnaire both in the 
research context and in the clinical setting. The HADS assesses 
signs of depression and anxiety across 14 items (Zigmond and 
Snaith 1983). The items are answered using a four-graded Likert 
scale (0 to 3). The scores for each item are added to a maximal 
score of 21 for each of the two subscales anxiety and depression. 
A score greater than 10 indicates an emotional problem (HADS- 
A> 10 probable anxiety HADS-D> 10 probable depression) 
(Zigmond and Snaith 1983). Different cut-off limits have been 
proposed depending on clinical setting, studied population and 
the desired level of sensitivity and specificity (Wu et al., 2021). 
The questionnaire has been validated and translated into Swedish 
and has shown good psychometric properties (Lisspers, Nygren, 
and S€oderman 1997).

Audiometry
Pure tone audiometry for air and bone conduction (AC and BC) 
was performed in line with the ISO-standard 8253-1:2010 
according to nationwide clinical routine, i.e. hearing thresholds 
were obtained using the ascending method, and contralateral 
masking was applied when indicated by the result. The frequen
cies of 0.5, 1, 2, 4, 6, and 8 kHz were measured for AC, and fre
quencies of 0.5, 1, 2, and 4 kHz were measured for BC. Pure 
tone averages for frequencies of 0.5, 1, 2, and 4 kHz (PTA4) were 
calculated for AC and BC as well as for air bone-gap (ABG). 
The current study included measurements performed prior to 
and at 1 year after surgery (range 0.5–2 years).

Statistical analyses
Mean values, ranges and standard deviations were calculated for 
descriptive statistics.

Kruskal-Wallis and the chi-square tests were used to test dif
ferences between STp, STs and STq overall, regarding age and 
sex. Post-hoc testing between groups regarding age were per
formed with Fisher’s permutation test and no corrections for 
multiple tests were made.

Statistical significance was set at p< 0.05, and all tests were 
two-sided. IBM SPSS Statistics for Windows, Version 27.0. 
(Armonk, NY:IBM Corp.) was used.

Floor and ceiling effects were examined and were considered 
present if >15% of the subjects achieved the highest or lowest 
scores (Terwee et al. 2007).

Principal component analysis (PCA) with Varimax rotation 
and Kaiser normalisation was used to explore underlying compo
nent structure of the IOI-AIop items (components are the PCA 
counterpart to the factors extracted from a factor analysis). 
Components with an eigenvalue >1 were extracted.

Convergent and discriminant validity was assessed by per
forming Spearman’s correlation analysis to obtain the correla
tions between IOI-AIop subscales and the subscales of the other 
questionnaires included in the study. Hypotheses were made 
prior to the study regarding whether the subscales of the 
included questionnaires had a high correlation, predicting con
vergent validity or lower correlations supporting discriminant 
validity. The hypotheses are presented in Supplement 1 accessible 
at http://tandfonline.com/doi/suppl. According to Terwee et al., 
positive ratings are present if >75% of the predefined hypotheses 
are in accordance with the performed correlation analysis 
(Terwee et al. 2007).

Criterion validity was assessed by examining the correlations 
of factors with pure tone audiometry prior to and 1 year after 
intervention using Spearman’s correlation analysis. Correlation 
coefficients �0.39 were regarded as weak, coefficients 0.4–0.59 as 
moderate and coefficients �0.6 as strong (Cohen 1988).

Test-retest reliability was assessed by calculating the intraclass 
correlation coefficient (ICC). Reliability and internal consistency 
were evaluated by calculating Cronbach’s alpha. To indicate the 
strength of agreement, � 0.20 was regarded as poor, 0.21–0.40 as 
slight, 0.41–0.60 as moderate, 0.61–0.80 as good, and 0.81–1.00 
as very high (Fayers 2007).

Results

One hundred sixty-two subjects were included in the study. Sixty- 
four percent of the study population was women, and the mean 
age at intervention was 49.7 (±13.4) years. Statistically significant 
difference was observed between all groups regarding age (STp 
versus STs p¼ 0.050, STp versus STq p< 0.001, STs versus STq 
p¼ 0.026). Subjects in the primary stapedotomy group had the 
lowest mean age (43.7 ± 11.0 years) while subjects in the quality 
register group had the highest mean age (54.2 ± 14.1 years). 
Included in the validity calculations were subjects (n¼ 148) who 
had answered the 12–24 months questionnaires.

The hearing loss in the intervention ears was purely conduct
ive or mixed and of moderate severity. Subjects in group STp 
had predominantly unilateral hearing loss, while groups STs and 
STq had predominantly bilateral hearing loss. Demographic data 
and hearing levels are presented in Tables 1 and 2.

The questionnaires were completed 6–24 months after the 
intervention.
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Table 1. Demographic data.

All  
n¼ 162

STp  
n¼ 47

STs  
n¼ 29

STq  
n¼ 86

p value  
(chi2, degrees  

of freedom)

p value  
(Kruskal-Wallis H,  

degrees of freedom)

Sex (% female,  
(n female))

64% 64% 76% 59% p¼ 0.28 (2.57, 2)
(103) (30) (22) (51)

Age at intervention 
Years (±SD)

49.7 43.7 47.7 54.2 p< 0.001 (22.21, 2)
(13.4) (11.0) (8.9) (14.1)

Groups: (STp) Stapedotomy, without prior hearing aid use or prior ear surgery – primary intervention; (STs) Stapedotomy, with prior hearing aid use – secondary 
intervention; (STq) Stapedotomy, included from the Swedish quality register for otosclerosis surgery-quality register.
�For comparisons between groups, the nonparametric Kruskal-Wallis and the chi-square tests were used. Fisher’s permutation test was used for univariate analyses.
Statistically significant differences were observed between all groups regarding age.
(STp versus STs p¼ 0.050, STp versus STq p< 0.001, STs versus STq p¼ 0.026).

Table 2. Pure tone audiometry.

Groups

All  
n¼ 148

STp  
n¼ 38

STs  
n¼ 24

STq  
n¼ 85

ST CL ST CL ST CL ST CL

Pre intervention
PTA4 AC, dB HL (±SD) 54 (15.1) 26 (18.3) 47 (9.2) 15 (14.5) 54 (10.1) 28 (17.7) 56 (17.2) 30 (18.2)
10th percentile 38 5 35 1 38 5 41 11
50th percentile 51 21 48 9 52 22 54 26
90th percentile 71 51 58 35 69 55 84 56
PTA4 BC, dB HL (±SD) 24 (12.1) 19 (12.8) 19 (6.7) 11 (7.1) 20 (8.7) 17 (10.2) 28 (13.4) 22 (14.0)
10th percentile 11 5 10 4 8 5 12 8
50th percentile 21 16 18 10 20 15 28 19
90th percentile 41 39 29 21 28 28 46 41
ABG, dB (±SD) 29 (9.5) 10 (11.2) 27 (7.3) 6 (10.8) 33 (9.0) 11 (12.7) 29 (10.3) 11 (10.7)
10th percentile 17 −1 16 −2 17 −1 17 1
50th percentile 28 6 27 2 32 9 27 8
90th percentile 41 24 36 15 43 26 46 23
Post intervention
PTA4 AC, dB HL (±SD) 31 (14.1) 26 (18.1) 25 (7.7) 14 (12.8) 27 (10,1) 28 (18.7) 35 (15.7) 30 (17.8)
10th percentile 19 5 16 2 19 8 19 9
50th percentile 29 24 25 10 25 25 31 30
90th percentile 49 50 35 34 42 53 59 54
PTA4 BC, dB HL (±SD) 21 (12.8) 19 (13.3) 15 (7.6) 11 (5.9) 18 (9.4) 16 (10.6) 25 (14.0) 24 (14.8)
10th percentile 9 5 5 2 6 4 10 8
50th percentile 18 15 15 10 16 14 22 20
90th percentile 38 36 26 18 26 30 45 48
ABG, dB (±SD) 10 (6.8) 9(10.9) 10 (7.8) 4 (10.6) 9 (4.3) 12 (14.4) 10 (7.0) 10 (8.8)
10th percentile 3 −1 3 −4 4 −1 3 1
50th percentile 9 6 9 1 8 6 8 9
90th percentile 17 24 17 15 15 33 17 23

Groups: (STp) Stapedotomy, without prior hearing aid use or prior ear surgery – primary intervention; (STs) Stapedotomy, with prior hearing aid use – secondary 
intervention; (STq) Stapedotomy, included from the Swedish quality register for otosclerosis surgery – quality register.
ST¼ stapedotomy, intervention ear; CL¼ contralateral ear; PTA4 mean of frequencies 0.5, 1, 2, and 4 kHz; dB¼ decibel; HL¼ hearing level; AC¼ air conduction; 
BC¼ bone conduction; ABG¼ air-bone gap.
Mean values, standard deviations (SD) and percentiles (10th, 50th and 90th) are presented.

Table 3. Item level descriptive data of the IOI-AIop.

Items
All  

n¼ 162
STp  

n¼ 47
STs  

n¼ 29
STq  

n¼ 86

Benefit 3.94 ± 1.35(1–5) 3.79 ± 1.30(1–5) 4.38 ± 1.18(1–5) 3.88 ± 1.4(1–5)
RAL 3.68 ± 1.18(1–5) 3.68 ± 1.02(1–5) 3.66 ± 1.14(1–5) 3.68 ± 1.29(1–5)
Satisfaction 4.4 ± 1.16(1–5) 4.26 ± 1.17(1–5) 4.62 ± 0.90(2–5) 4.40 ± 1.23(1–5)
RPR 4.43 ± 0.89(1–5) 4.38 ± 0.71(2–5) 4.34 ± 0.90(2–5) 4.49 ± 0.97(1–5)
Impact on others 4.33 ± 0.94(1–5) 4.40 ± 0.9(1–5) 4.41 ± 0.82(3–5) 4.26 ± 1.0(1–5)
Quality of life 3.64 ± 1.17(1–5) 3.30 ± 1.05(2–5) 4.10 ± 1.14(2–5) 3.66 ± 1.19(1–5)
Factor 1op 12.01 ± 3.16(3–15) 11.43 ± 3.05(4–15) 13.10 ± 2.53(6–15) 11.95 ± 3.34(3–15)
Factor 2op 12.43 ± 2.60(3–15) 12.47 ± 1.97(6–15) 12.41 ± 2.53(7–15) 12.40 ± 2.94(3–25)

Groups: (STp) Stapedotomy, without prior hearing aid use or prior ear surgery – primary intervention; (STs) Stapedotomy, with prior 
hearing aid use – secondary intervention; (STq) Stapedotomy, included from the Swedish quality register for otosclerosis surgery – 
quality register.
RAL¼ residual activity limitation; RPR¼ residual participation restriction.
Factor 1op: benefit, satisfaction, QoL; Factor 2op: RAL, RPR, impact on others.
Mean values are presented with standard deviation (SD) and range.
Each item is scored on a Likert scale ranging from 1 to 5, where 5 represents the most favourable outcome.
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Validity

Item- and subscale level statistics are presented in Table 3. The 
distribution of responses is presented in Figure 1. Floor effects 
were not detected; however, ceiling effects were.

Residual activity limitation and participation restriction did 
not differ between the groups despite differences in uni- and 
bilateral hearing loss. Group STs, which included subjects with 
bilateral hearing loss and previous hearing aid experience, 
reported higher levels of satisfaction, benefit and quality of life 
than the other groups.

Construct validity

The Kaiser-Meyer-Olkin measures of sampling adequacy (KMO) 
test was 0.790, and the Bartlett’s test of sphericity was significant 
with a p value <0.001, indicating that the data were appropriate 
for PCA. Principal component analysis yielded two components 
with eigenvalue > 1, explaining 77.5% of the variance. Items 
with component loadings > 0.80 corresponding to Factor 1op 

included items assessing benefit, satisfaction and quality of life. 
Items with components loadings >0.80 corresponding to Factor 
2op were items assessing residual participation restriction and 
impact on others. The component loadings for residual activity 
limitation were similar to those of Factor 1op (0.62) and 2op 

(0.61) (Table 4).

Convergent and discriminant validity were calculated by 
examining the correlations between IOI-AIop subscales and the 
subscales of the GBI, GHABP, SF36 and HADS. Hypotheses 
were developed prior to the analysis and were based on the con
cept being measured, see Supplement 1. Eighty-five percent of 
the hypotheses were supported by the correlation analysis, thus 
fulfilling the criteria of >75% agreement (Terwee et al. 2007). 
The strongest correlations were observed between the hearing- 
specific questionnaire GHABP and items regarding benefit and 
satisfaction, as could be expected (rho¼þ0.749, p< 0.001 and 
rho¼þ0.702, p< 0.001 respectively). A strong correlation was 
also detected between GHABP, item residual disability and 
Factor 2op (rho¼þ0.780, p< 0.001) representing participation 
restrictions. Weak correlations were observed between the IOI- 
AIop factors and the SF-36 as well as the social functioning and 
physical functioning subscales of the GBI (Supplement 1).

Criterion validity

In general, weak correlations were observed between the IOI-AIop 

factors and audiometry. A moderate negative correlation between 
postoperative PTA4 AC and Factor 2op (participation restrictions) 
(rho¼−0.401, p< 0.001) was detected (Supplement 2).

Reliability

The reliability was assessed by calculating the internal consist
ency (Cronbach’s alpha) and the intraclass correlation coefficient 
(ICC). The results indicated very strong agreement. The internal 
consistency was 0.83 and 0.82 for Factors 1op and 2op, respect
ively. The ICCs were 0.95 and 0.94 for Factors 1op and 2op, 
respectively (Table 5).

Discussion

The aim of the present study was to analyse the psychometric 
properties of the Swedish IOI-AI adapted to ear surgery (IOI- 
AIop). The questionnaire was tested on individuals with otoscler
osis after the stapedotomy intervention. In general, high mean 

Figure 1. Distribution of the IOI-AIop responses. 
RAL¼ residual activity limitation; RPR¼ residual participation restriction; Im on Oth¼ impact on others; QoL¼ quality of life. 
Each item is scored on a Likert scale ranging from 1 to 5, where 5 represents the most favourable outcome.

Table 4. Principal component analysis of the IOI-AIop.

Factor 1op Factor 2op

Benefit 0.88 0.31
RAL 0.62 0.61
Satisfaction 0.82 0.18
RPR 0.11 0.91
Impact on Others 0.26 0.88
QoL 0.81 0.09

Principal component analysis was performed with Varimax rotation and Kaiser 
normalisation.
Components with an eigenvalue > 1 was extracted.
RAL¼ residual activity limitation; RPR¼ participation restriction; QoL¼ quality of 
life.
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scores were noted for all items, indicating a favourable outcome 
for the stapedotomy performed. Differences were encountered 
between the study groups, with the most favourable outcome for 
group STs with bilateral hearing loss and prior hearing aid use. 
The differences were focused on items included in Factor 1op 

(benefit, satisfaction and quality of life) while items included in 
Factor 2op (RAL, RPR and impact on others) were similar across 
the different groups. In the IOI-HA, Factor 1 was interpreted by 
Stephens in 2002 as representing satisfaction, while Factor 2 rep
resents residual problems (Stephens 2002). There are probably 
several factors affecting the results of our study, including differ
ences in uni- or bilateral hearing loss, the study design with one 
cohort being prospectively included at the clinic prior to surgery 
and one cohort cross sectionally included from the Quality 
Register for Otosclerosis Surgery 1 year after stapedotomy.

The frequency distribution of ratings showed the highest 
scores for the most favourable outcome (Robinson, Gatehouse, 
and Browning 1996) in all items except for the RAL and 
quality of life items (Figure 1). The frequency distribution has 
similarities to the pattern demonstrated by Br€annstr€om & 
Wennerstr€om in a Swedish hearing-aid outcome study using the 
IOI-HA as an outcome measure (Br€annstr€om and Wennerstr€om 
2010). Hickson et al. evaluated a communication program using 
IOI-AI as an outcome measure. In the study by Hickson et al. 
the most favourable outcome was present for satisfaction and 
impact on others while all other items had the highest percentage 
of response in the mid-range (3–4 out of 5)(Hickson, Worrall, 
and Scarinci 2006). In the present study, the frequency pattern 
had a ceiling effect that was most pronounced for the satisfaction 
item with a 72.8% rating for the highest score. In a previous 
study from the Swedish quality registry data on otosclerosis sur
gery, 92.9% of the subjects reported better or much better hear
ing after surgery (Str€omb€ack et al. 2017). Stapedotomy is 
considered a relatively safe procedure with few complications 
and good hearing outcomes (Pauli et al. 2019). The good hearing 
outcomes could possibly explain the ceiling effect. However, the 
ceiling effect is a negative quality that can affect a questionnaire’s 
ability to distinguish between different groups and treatments.

The type of hearing loss could also be a factor affecting scores 
on the questionnaire. All participants had conductive or mixed 
hearing loss prior to surgery, whereas in other studies, sensori
neural hearing loss was the predominant type of hearing loss. 
Few studies have focused on conductive or mixed hearing loss. 
In a retrospective study assessing hearing aid use and benefit in 
a cohort of otosclerosis subjects 30 years after surgery, the IOI- 
HA scores were comparable to those obtained in this study 
(Redfors, Hellgren, and M€oller 2013). This is consistent with the 
study by Br€annstr€om et al., where individuals with conductive or 
mixed hearing loss reported more favourable outcomes than the 
group with pure sensorineural hearing loss (Br€annstr€om and 
Wennerstr€om 2010). However, in these studies, the IOI-HA was 
used and not the IOI-AI, so this comparison has to be made 
with caution.

The PCA was consistent with the original psychometric stud
ies of IOI-HA and resulted in a two-component solution (Cox 
and Alexander 2002; Kramer et al. 2002). However, one cross- 
loading was identified. Item residual activity limitation (RAL) 
loaded equally on both Factor 1op (0.62) and 2op (0.61). Cross 
loadings for item RAL have been described in earlier studies 
(Heuermann, Kinkel, and Tchorz 2005; Stephens 2002). In the 
study by Heurmann, RAL loaded to Factor 1 in the mailing cam
paign group and to Factor 2 in the field test group. A hypothesis 
was that the question could be interpreted in different ways 
depending on when and how the question was asked 
(Heuermann, Kinkel, and Tchorz 2005). Another point of view 
was put forward by Manchaiah et al. debating whether cross 
loading could reflect the fact that each item represents a single 
construct in contrast to other questionnaires where several items 
form a construct (Manchaiah, Thammaiah, and Vinay 2021). It 
is possible that the study design in the present study, with differ
ent study cohorts, could have affected the cross loading for RAL. 
In our calculations we chose to add RAL to Factor 2op, reflecting 
residual problems, as in the original studies by Cox & Alexander 
and Kramer (Cox and Alexander 2002; Kramer et al. 2002) as 
well as in the Swedish study by Br€annstr€om and Wennerstr€om 
(2010). Criterion validity showed in general weak correlations. 
One exception was a moderate correlation between postoperative 
PTA4 AC and Factor 2op (residual difficulties). Postoperative 
hearing level (PTA4 AC) reflects the actual hearing function and 
can be one of several factors affecting residual difficulties.

In contrast, a large Swedish quality register study by Arlinger 
et al., could not find any correlations between the IOI-HA total 
score and hearing level (measured as PTA). It was concluded 
that PTA is not a reliable measure of the benefit and satisfaction 
of hearing aid acquisition (Arlinger, Nordqvist, and €Oberg 2017).

Convergent and discriminant validity was tested by correlat
ing Factor 1op and 2op to other questionnaires, including 
the generic (SF36), the ORL intervention specific (GBI) and the 
hearing intervention specific (GHABP). As hypothesised, the 
strongest correlations were observed for the hearing-specific 
subscales of benefit and satisfaction while no correlations were 
found for scales measuring concepts that IOI-AIop does not. 
Overall, the quality indicator of >75% agreement was fulfilled 
indicating good convergent and discriminant validity.

The questionnaire had excellent reliability scores. For Factor 
1op and Factor 2op, the ICCs were 0.95 and 0.94, and the 
Cronbach’s alpha coefficients were 0.83 and 0.82, respectively. 
High reliability scores have also been demonstrated in studies 
regarding IOI-HA, IOI-CI and IOI-AI (Heggdal et al. 2021; 
Hickson, Worrall, and Scarinci 2006; Smith, Noe, and Alexander 
2009), indicating that the questionnaire’s outcomes are reprodu
cible and consistent.

A limitation to the study concerns the study population con
sisting of two cohorts, one prospectively sampled and one cross- 
sectionally sampled cohort. The subjects were invited to partici
pate in different ways. The first cohort was recruited by the 
treating physician or audiologist, and the second cohort was 

Table 5. Reliability of the IOI-AIop.

IOI-AIop subscales Test (n¼ 21) (Mean ± SD) Retest (n¼ 21) (Mean ± SD) ICC (95% CI)a Internal consistency reliability (95% CI)b

Factor 1op 11.3 ± 3.3 11.5 ± 3.3 0.95 (0.89, 0.98) 0.83 (0.78, 0.87)
Factor 2op 12.3 ± 2.8 12.2 ± 2.6 0.94 (0.87, 0.98) 0.82 (0.76, 0.86)

Groups: (STp) Stapedotomy, without prior hearing aid use or prior ear surgery – primary intervention (n¼ 47); (STs) Stapedotomy, with prior hearing aid use – sec
ondary intervention (n¼ 29); (STq) Stapedotomy, included from the Swedish quality register for otosclerosis surgery – quality register (n¼ 86).
aTest-retest reliability measured by intraclass correlation coefficient (n¼ 21).
bInternal consistency measured by Cronbach’s alpha.
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recruited by letter and/or a telephone call. This probably affected 
the results in a systematic unwanted way. A more favourable 
outcome could be expected if you were invited to the study by 
your treating surgeon compared to someone unknown.

Another limitation of the study is the distribution of the 
questionnaires. In the original study and most of the published 
studies, the questionnaires were administered by mail in a paper 
version. In this study, the questionnaires were sent by e-mail, and 
the responses were collected from a data platform. This could 
have affected the outcome. However, the mode of administration 
were both self-administered and visual and previous studies com
paring web based versus paper and pencil self-administered ques
tionnaires found fewer differences compared to face to face 
administration (Braekman et al. 2020; Bowling 2005).

Further studies are needed to assess how different factors 
affect the outcome. The IOI-AIop is a comprehensive question
naire that could be an option to include in the quality register 
for otosclerosis surgery.

Conclusion

The IOI-AIop showed good psychometric properties and fulfilled 
the quality criteria proposed by Terwee et al. (2007). One disad
vantage is the presence of ceiling effects. The PCA yielded a 
two-component solution, consistent with previous factor analyses 
of the IOI-HA. The comprehensive IOI-AIop is, in our opinion, 
a useful tool to evaluate patient perspectives after ear surgery, 
both in a clinical setting but also in future studies and as a vali
dated questionnaire in a quality register such as the Swedish 
register for otosclerosis surgery. However, further studies are 
needed to assess different factors affecting outcomes.
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