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Abstract
Background  Outcome reporting in clinical trials of auditory interventions for adults with Single-Sided Deafness 
(SSD) is inconsistent. The Core Rehabilitation Outcome Set for Single-Sided Deafness (CROSSSD) initiative has 
recommended three outcome domains as a minimum standard in the design of SSD intervention clinical trials. 
These are, Spatial orientation, Group conversations in noisy social situations, and Impact on social situations. The study 
objectives were to (i) understand exactly what the outcome domains mean to SSD experts, and (ii) identify and assess 
candidate PROMs in terms of how well they measure the experts’ conceptualisation of those SSD outcome domains.

Methodology  Stakeholder representatives participated in two semi-structured online focus groups. Participants 
were four adults diagnosed with SSD with experience of auditory interventions, two healthcare professionals 
working in the field, and one clinical researcher with experience in evaluating interventions. Thematic analysis 
was used to determine conceptual elements of each domain. COnsensus-based Standards for the selection of 
health Measurement INstruments (COSMIN) initiative recommendations were adopted to assess the relevance and 
comprehensiveness (content validity) of available candidate instruments.

Results  Multiple key concepts were identified for each outcome domain, and presented as a taxonomy. To be 
acceptable, any measurement instrument would need to achieve good coverage of all concepts in this taxonomy. 
From the 76 candidate instruments reviewed, none met accepted standards for content validity for SSD. The best 
performing candidates were (i) Spatial orientation: the Spatial Hearing Questionnaire and two variants of the Speech, 
Spatial and Qualities scale (SSQ-12, SSQ-18-C), (ii) Group conversations in noisy situations: the Communication Profile for 
Hearing Impaired (CPHI) questionnaire, SSQ-12, SSQ-18-C, and a multi-item questionnaire developed by Schafer and 
colleagues, and (iii) Impact on social situations: the CPHI questionnaire.
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Background
Single-Sided Deafness (SSD), or unilateral hearing loss, 
is defined by hearing thresholds within normal limits in 
one ear, and a severe-to-profound sensorineural hear-
ing loss in the other ear [1]. SSD can be congenital [2–7], 
or acquired due to conditions such as Ménière’s disease 
[8], viral infections such as labyrinthitis or COrona VIrus 
Disease (COVID) [9–11], autoimmune systemic diseases, 
or vestibular schwannoma [12–15]. In some cases the 
cause of SSD is unknown [16–20]. It is estimated that 
SSD affects 12 to 27 individuals in every 100,000 of the 
general population [21].

SSD poses the listener with significant challenges 
[22–24]. These include poor speech perception in com-
plex listening environments [12, 25–30] and poor spa-
tial awareness of sounds [22, 31–33]. Associated fatigue, 
psychological, and social consequences have also been 
documented [23, 34–41]. Various hearing aids (e.g., 
contralateral routing of signals), and auditory implants 
(e.g., bone conduction devices, cochlear implants) have 
been utilised since the 1960s to alleviate the functional 
effects of SSD [22, 42–51]. However, choice of outcomes 
and measurement instruments to assess the benefits and 
harms of interventions for SSD have been diverse and 
inconsistent [52, 53]. A systematic review including 96 
studies evaluating the therapeutic benefits and harms 
of SSD interventions identified many ways to measure 
the same domains of interest. Notably, no single mea-
surement instrument was used by all studies [54]. For 
example, speech-related outcome domains were mea-
sured using 73 different measurement instruments, and 
spatial-related domains were measured using 43 different 
measurement instruments. Another systematic review of 
studies evaluating the effectiveness of SSD interventions 
identified that outcome selection was biased towards 
assessing functional impairments for which measures are 
readily available and widely used, e.g., speech perception 
testing in noise, and localisation tests [53]. Outcomes 
that assess an individual’s well-being and overall health 
are also relevant to those receiving treatment for SSD 
but these are less often measured [55]. The diverse and 
inconsistent use of outcome measures hinders our abil-
ity to compare or synthesise evidence and make informed 
decisions about optimal treatment of SSD [56–59].

The ideal scenario is that experts in SSD (healthcare 
users, healthcare professionals, clinical researchers) are 
involved in prioritising what treatment-related outcomes 

are critical and important to measure, so that trialists can 
select and administer instruments which measure those 
outcomes and which have good psychometric properties. 
The Core Rehabilitation Outcome Set for Single-Sided 
Deafness (CROSSSD) initiative was established to prog-
ress towards this goal. To date, the CROSSSD team have 
employed good practice methodology following Core 
Outcome Measures in Effectiveness Trials (COMET) 
initiative recommendations [56] to complete the priori-
tisation phase. An international Delphi study involving 
308 experts in SSD and a meeting with key stakeholder 
representatives took place in order to reach a consensus 
[60–64]. The consensus decision was that three outcome 
domains are critical and important to assess in every 
SSD clinical trial. These are (i) Spatial orientation, (ii) 
Group conversations in noisy social situations, and (iii) 
Impact on social situations. A plain language definition 
for each of these outcome domains were co-created by 
the CROSSSD team and two study research partners with 
lived experience of SSD (Table 1).

The next phase of the CROSSSD plan is to determine 
whether any existing outcome instruments appropri-
ately measure Spatial orientation, Group conversations 
in noisy social situations, or Impact on social situations. 
Good practice guidelines exist to guide researchers 
through the steps to determine what is ‘appropriate’. For 
example, COSMIN (COnsensus-based Standards for the 
selection of health Measurement INstruments) guide-
lines set out a taxonomy of measurement properties rel-
evant for evaluating PROMs; namely validity, reliability, 
and responsiveness. The COSMIN initiative states that 
one of the most important psychometric properties of a 
measurement instrument is its content validity [60, 61]. 
Content validity refers to the degree to which the items 
within an instrument are an adequate reflection of the 
construct to be measured. The measure of content valid-
ity encompasses (i) relevance (all instrument items are 
pertinent to the overall concept), and (ii) comprehensive-
ness (the instrument samples all the key elements of the 
construct) [60, 62].

The objectives of the present study were therefore to 
(i) understand exactly what the outcome domains mean 
to SSD experts, and (ii) identify and assess candidate 
PROMs for their relevance and comprehensiveness in 
measuring the SSD outcome domains.

Conclusions  Multi-dimensional outcome domains introduce specific considerations for how they should be 
measured. Although some candidates instruments had reasonable comprehensiveness, modification is needed to 
ensure that there is overall greater relevance to the key concepts.

Keywords  Single-sided deafness, Core outcome domain set, Clinical trials, Outcome measures, Measurement 
instruments, Patient reported outcome measures
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Methods
Our approach involved people who had been treated 
for SSD (patient and public involvement collaborators 
NH and NB) as CROSSSD study research partners thus 
ensuring that decisions were informed by lived experi-
ence [63]. Ethical approval was granted from the Propor-
tionate Review Nottingham 2 Research Ethics Committee 
(REC reference 19/EM/0222, Integrated Research Appli-
cation System (IRAS project ID 239,750) on 06 August 
2019. Informed consent was taken prior to participation 
at the focus groups using an online consent form. Partici-
pants were reminded that they could withdraw from the 
study at any point without needing to give a reason. All 
participants were volunteers and no reimbursement was 
given for their contribution.

Objective 1. Domain conceptualisation
A thematic approach was taken using two expert focus 
groups to explore the personal patterns of experience and 
meaning of the three outcome domains. Focus groups 
were conducted online in October 2020, using Micro-
soft Teams software. One week before the focus group, 
participants received the plain language definition of 
each outcome domain (Table 1) and were asked to reflect 
on how the outcome domains related to their personal 

experiences. Informed consent using an online form was 
obtained prior to the focus group discussion.

Participants
Participants were Healthcare Users (HU) diagnosed 
and treated for SSD, and Healthcare Professionals 
(HP) working in the field. Inclusion criteria were: (i) 
adults ≥ 18 years of age that were healthcare users or pro-
fessionals with experience in the field of SSD, and (ii) had 
participated in the CROSSSD study consensus meeting 
[64]. To maximise diversity in expertise and to ensure the 
focus groups were representative of the consensus meet-
ing experts, purposive sampling targeted a wide range of 
demographics (gender, age, country, cause of SSD), and 
experience of different SSD interventions. In total, four 
HU and three HP were recruited (Table 2). One further 
HP had to withdraw before the focus group meeting.

Data collection instruments and technologies
During the focus groups, facilitators briefly reminded the 
participants of (i) the meeting ground rules, (ii) the task 
in hand, in the context of core outcome set development 
for SSD interventions, and (iii) the plain language defi-
nition of each outcome domain. Each outcome domain 
was allocated 45  minutes for discussion, with a short 
rest break between each discussion. The Spatial orien-
tation domain was discussed first, followed by Group 
conversations in noisy social situations, and Impact on 
social situations last. Each participant was given a clear 
turn to voice their opinions and time was given prior to 
closing the discussion to comment on other participants’ 
views, or add further comments. Participants were given 
a choice when to take their turn, depending on how pre-
pared they felt to discuss the particular outcome domain.

A semi-structured interview schedule was prepared 
by RK, PTK, and DAH. The schedule encouraged free 
narrative responses for analysis using a thematic analy-
sis method [65]. The schedule was reviewed for content, 
suitability and structure of the prompts, and clarity of the 

Table 1  The core outcome domain set for single-sided deafness 
[68]
Outcome domain 
name

Plain language definition

Spatial orientation Knowing where you are in relation to the posi-
tion of a sound source

Group conversa-
tions in noisy social 
situations

Listening and following a conversation between 
a group of people, when others are talking in the 
background

Impact on social 
situations

Your hearing loss or device limiting your ability to 
fully participate in the social world; especially in 
challenging situations or where a lot of effort is 
needed to follow the conversation (for example; 
at a restaurant; at the park; in a bar or at a party)

Table 2  Participant demographics. SSD expertise (for Healthcare Users (HU) this was the number of years since their diagnosis i.e., 
their lived experience; for Healthcare Professionals (HP) this was the number of years since they started working in the field i.e., their 
occupational experience); and SSD intervention experience

Participants Gender Age range 
(years)

Country SSD expertise SSD interven-
tion experience

Focus group 1
Held on 22nd of 
October 2020

Healthcare User 1 (HU1) Male 70–79 England 28 years CROS aid
Healthcare User 2 (HU2) Male 60–69 England 3 years,

9 months
CROS aid

Healthcare Professional 1 (HP1) Male 50–59 England 35 years CROS aids
Focus group 2
Held on 27th of 
October 2020

Healthcare User 3 (HU3) Male 18–29 England 1 year,
1 month

CROS aid/BCD/CI

Healthcare User 4 (HU4) Female 30–39 Spain 3 years CROS aid
Healthcare Professional 2 (HP2) Male 40–49 Germany 25 years CROS aids/BCD/CI
Healthcare Professional 3 (HP3) Male 60–69 Netherlands 32 years CROS aids/BCD/CI

(CROS: Contralateral routing of signals aid; BCD: Bone conduction device; CI: Cochlear Implant)
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themes by the CROSSSD study research partners (NB, 
NH) and PPI engagement manager (AH). They ensured 
that concepts were described clearly, participant mate-
rial was written in plain language and online communi-
cation aids (e.g., captions) were sufficient for participant 
needs. See Fig. 1 for the schedule used to discuss Group 
conversations in noisy social situations, and refer to Addi-
tional file 1 for discussion prompts prepared for the other 
two outcome domains. The schedule incorporated open-
ended questions, designed to elicit detailed descriptions 
from participants, probed the experience of conversa-
tions, the nature of a group, the nature of the background 
noise, and what in their experience constituted ‘noisy’. 
The schedule was followed for each outcome domain, for 
both focus groups.

Facilitators took a position of appreciative inquiry, 
using active listening and being non-judgemental, and 
curious to explore and fully understand the participants’ 
experience. The focus groups were co-facilitated by the 
lead for the CROSSSD study (RK) who is also a clinical 
audiologist with 14  years’ clinical experience including 
working with patients who have SSD, and a researcher 
(PTK) who has previous qualitative research experience 
in the field of SSD [35]. The sessions were video-recorded 
and subsequently transcribed verbatim by RK.

Data analysis
Transcriptions were independently reviewed by RK and 
PTK, and key discussion concepts were identified. Ini-
tial codes highlighted all keywords and phrases used by 

participants to describe the different dimensions of each 
outcome domain. Codes were organised to create a tax-
onomy of findings, with each outcome domain compris-
ing multiple functional domain topics (such as ‘Knowing 
where sounds are in relation to you’) which could be fur-
ther broken down into key concepts (such as ‘Incorpo-
rates sound locations that are both in front and behind’ 
and ‘Considers sounds that are both within and outside 
the visual field’). Where further clarification was neces-
sary, this coding process referred back to the original 
transcription. Some codes did not readily fit into the tax-
onomy and so are reported separately.

Two levels of peer review were conducted to enhance 
trustworthiness in the taxonomy. First, it was reviewed 
by the rest of the study team (DAH, DJH) and the 
CROSSSD study research partners (NH, NB). The study 
research partners confirmed that the taxonomy captured 
all important aspects of their lived experience. Second, it 
was reviewed at an international CROSSSD study steer-
ing group meeting, comprising three expert healthcare 
professionals and researchers based in Europe and the 
United States, as well as a PPI manager (AH). The indi-
vidual members of the steering group pre-reviewed the 
frameworks independently prior to the meeting. Their 
critical review led to the addition of one key concept for 
the Spatial orientation domain (‘Incorporates sounds 
that are static or moving’), and participant support for 
this concept was found in the transcripts of the focus 
groups.

Fig. 1  Example of the discussion prompts prepared for the Group conversations in noisy social situations (Listening and following a conversation between 
a group of people; when others are talking in the background) outcome domain to facilitate discussions during the focus groups. Please refer to Addi-
tional file 1 for discussion prompts prepared for the other two outcome domains
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Objective 2. Content validity
The aim of the next stage was to evaluate whether any 
existing instruments would be appropriate for measuring 
the SSD core outcome domain set now that the key con-
cepts within each domain were identified and labelled. 
Previous research had identified 127 potential instru-
ments for assessing SSD outcomes (Fig.  2). These were 
two systematic reviews of outcome domains and mea-
surement instruments used in the field of SSD [54], and 

of hearing instruments for unilateral severe-to-profound 
sensorineural hearing loss [53]. Screening for English 
language versions of these instruments, and supplement-
ing the list with a hand search of more recently published 
instruments, resulted in a final set of 76 candidate instru-
ments (Fig.  2). These comprised two diary records, 49 
questionnaires, 17 rating scales, and eight other Patient 
Reported Outcome Measures (PROMs) (e.g., patient 
report with yes/no answers, or a single-item instrument). 

Fig. 2  Measurement instruments reported in studies investigating interventions that seek to restore hearing in adults with single-sided deafness. 
PROM(s): Patient Reported Outcome Measure(s), VAS: Visual analogue scale, CROSSSD: Core Rehabilitation Outcome Set for Single-Sided Deafness, SSD: 
Single-Sided Deafness
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Some of the instruments were specific to SSD (e.g., Bern 
Benefit in Single-Sided Deafness questionnaire), others 
were not (e.g., Abbreviated Hearing Aid Benefit Profile). 
Additional file 2 provides further details about the 76 
candidate PROMs.

All 76 candidate PROMs were first assessed for con-
tent relevance. Three coders (RK, SS, BA) independently 
scored each item in every PROM against the key con-
cepts listed in the taxonomy. Coders had expertise in 
hearing sciences research, had access to this taxonomy 
(i.e., plain language definition of the core domain, func-
tional domain topics and key concepts), and used Excel 
spreadsheets to record their scores (one spreadsheet per 
PROM).

To score item relevance, coders were asked to consider 
the key concept, the target population of interest (i.e., 
healthcare users with SSD) and the context of use (i.e., 
patient reported outcome from an SSD intervention [60]. 
Coders were advised that an individual item could be rel-
evant for one or more key concepts. Coders considered 
these three features of the item and gave a single score as 
follows: 1 = ‘item irrelevant to the key concept’, 2 = ‘item 
somewhat relevant/possibly relevant to the key concept’, 
or 3 = ‘item explicitly/clearly relevant to the key concept’. 
A scoring spreadsheet template was piloted using five 
PROMs and all coders were thoroughly trained by RK to 
ensure consistency in coding, and for quality assurance 
[62, 66].

Agreement that an item was relevant was achieved if 
at least two out of the three coders scored the item as 3. 
Agreement that an item was not relevant was achieved 
if none of the three coders scored the item as 3. For the 
remaining items, the three coders met up to discuss the 
rationale for their scores against the above criteria with 
the aim of achieving reconciliation on the final clas-
sification (i.e., relevant/not relevant). For each PROM, 
three relevance metrics were generated using the agreed 
classifications; one for the Spatial orientation domain, 
one for the Group conversations in noisy social situa-
tions domain, and one for the Impact on social situations 
domain. For example, if a PROM had 10 items and all 10 
items were classified as relevant for measuring the out-
come domain in question, then the relevance metric for 
the PROM would be 100%. If eight out of 10 items were 
classified as relevant to that domain, then the relevance 
metric for the PROM would be 80%, and so on.

Next, all 76 candidate PROMs were assessed for com-
prehensiveness. Using the agreed classifications for 
relevance, comprehensiveness was calculated for the 
two lowest level in the taxonomy (i.e., comprehensive-
ness in terms of whether the PROM items cover all key 
concepts). Relevant and/or not relevant classifications 
were scored as follows: if a core outcome domain con-
tained eight key concepts and all eight key concepts were 

covered by at least one item in the PROM, then the com-
prehensiveness metric for the PROM would be 100%. If 
six out of the eight key concepts were covered by an item, 
then the comprehensiveness metric for the PROM would 
be 75%, and so on.

Protocol variations
There were two amendments to the published pro-
tocol [64]. The first was a change from a face-to-face, 
7-hour focus group to two 3-hour web-based meetings. 
This change was necessary because of travel and physi-
cal distancing restrictions imposed by the COVID pan-
demic. The second deviation from protocol was that the 
ratio of healthcare users to professional experts was 1:1 
rather than the 4:1 stated in the protocol. All partici-
pants had previous interactions and an established rela-
tionship with the facilitators and each other, having met 
in a previous stage of this work (consensus meeting that 
took place in July 2020); and a social coffee morning held 
shortly before the focus groups [67, 68].

Results
Objective 1. Domain conceptualisation
The domain-level taxonomy comprising multiple func-
tional domain topics and key concepts are given in 
Table 3. Each of the three outcome domains, comprised 
three functional domain topics. For Spatial orientation, 
these were further broken down into eight key concepts, 
for Group conversations in noisy social situations there 
were nine key concepts, and for Impact on social situa-
tions there were also nine key concepts. Most functional 
domain topics and key concepts had supporting codes 
from both focus groups, indicating data saturation. For 
transparency, codes that did not readily fit into the tax-
onomy are reported in Table  3, while Additional file 3 
summarises the main discussion points and supporting 
participant quotes.

Objective 2. Content validity
Regarding the coding of content relevance, coders agreed 
on the item classification of relevant/not relevant for 43 
out of the 76 (57%) candidate PROMs, without the need 
for any reconciliation conversation. Of the remainder, a 
classification was agreed through discussion among the 
three coders. From this agreed coding for the 76 candi-
date instruments, it was noted that 52 instruments con-
tained no items that were relevant for any of the three 
core outcome domains. These are recorded in Addi-
tional file 2 (last column), and covered domains such as 
device preference, device satisfaction, coping, number of 
days missed at work, health status, health-related qual-
ity of life, service-related issues, mental health and tin-
nitus. Included in this list were a number of instruments 
designed to measure amplification-related outcomes 
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(Glasgow Hearing Aid Benefit Profile [69], International 
Outcome Inventory for Hearing Aids [70], and Satisfac-
tion with Amplification in Daily Life [71]).

For Spatial orientation, two variants of the SSQ (SSQ-
12 [72] and SSQ-18-C [73]) scored 100% on the rating of 
comprehensiveness, indicating that items addressed all 
eight of the key concepts (Table  4). However, the SSQ-
12 and SSQ-18-C scored lower on relevance (25% and 
29% respectively) because the instruments also contain 
questions about speech and qualities of hearing. How-
ever, taking only the spatial subscale into account, then 
for the SSQ-12, the three spatial items were 100% rele-
vant and for the SSQ-18-C, the 17 spatial items were 82% 
relevant to our Spatial orientation domain. We observed 
that comprehensiveness of the SSQ-12 and SSQ-18-C 
was compromised because measurement of multiple 

key concepts relied on a single question, such as ‘You are 
outside. A dog barks loudly. Can you tell immediately 
where it is, without having to look?’ [72, 73] or ‘You are 
standing on the footpath of a busy street. Can you hear 
right away which direction a bus or truck is coming from 
before you see it?’ [72, 73]. Therefore, another instrument 
worth considering for assessing the spatial domain is the 
Spatial Hearing Questionnaire (SHQ) [74]. This scored 
88% on the rating of comprehensiveness (it excluded 
only one key spatial hearing concept, i.e., ability to attend 
to sounds in the presence of noise or other distracting 
sounds) and 50% on the rating of relevance (12 out of 
the 24 items were relevant to spatial hearing). Unlike the 
SSQ, key concepts were assessed across multiple items.

For Group conversations in noisy social situations, 
the CPHI questionnaire [75] scored 100% on the rating 

Table 3  The functional topics and key concepts for each of the three SSD outcome domains (Spatial orientation, Group conversations in 
noisy social situations, and Impact on social situations)
Outcome domain 
and plain language 
definition

Functional top-
ics within the 
domain

Key concepts Codes that did not readily fit 
into the taxonomy

Spatial orientation: 
Knowing where you 
are in relation to the 
position of a sound 
source

Being aware that 
sounds are not in 
your visual field

Knowing that the sound is not where you are currently looking o Experiencing the world as 
3-dimensional
o Sense of ease or comfort
o Sense of security
o Personal safety aspect
Feelings of:
o Inadequacy
o Frustration
o Anxiety
o StressFearConstant challenge

Being aware of threats or harms outside your visual field
Not needing to rely on visual cues

Knowing where 
sounds are in rela-
tion to you

Incorporates sound locations that are both in front and behind
Incorporates sounds that are static, or moving
Considers sounds that are both within and outside the visual field

Attending to 
sounds in one 
location and not at 
other locations

Ability to attend to sounds in the correct location without a time 
delay: an active process
Ability to attend to sounds in the presence of noise or other distract-
ing sounds: a dynamic process

Group conversa-
tions in noisy social 
situations: Listening 
and following 
a conversation 
between a group of 
people, when others 
are talking in the 
background

Dynamic 
involvement

Knowing when someone has started to talk o Being aware of all conversa-
tions taking place
o Contributing appropriately at 
the right time
o Having to rely on visual cues
o Having to rely on help or hints 
provided by a partner
o Being able to sustain atten-
tion for long enough
Feelings of:
o Being rude
o Embarrassment
o Being always on ‘high alert’
o Tiredness
o Not being included Loneliness

Being able to tell when someone new starts to contribute to the 
group conversation
Knowing who to listen to within the group
Following the thread of the conversation, when someone starts to 
contribute, and telling is it’s a new conversation

Listening in 
the back-
ground of other 
conversations

Being able to know if the person talking is part of your conversation or 
another conversation
Being able to separate different streams of conversations
Maintain and sustain attention in the conversation

Conversations in 
other background 
noise

Being able to understand what is being said in a noisy environment
Being able to resist distracting sounds

Impact on social sit-
uations: Your hear-
ing loss or device 
limiting your ability 
to fully participate 
in the social world; 
especially in chal-
lenging situations or 
where a lot of effort 
is needed to follow 
the conversation

Contributing to 
social interactions

Knowing when to take your turn o Demonstrate an understand-
ing of what others are saying
o Impact on relationships, work, 
education, community, society
Feelings of:
o Inability to contribute
o ‘Over-participation’
o LonelinessExhaustion

Knowing what to do or say when it’s your turn
Being able to take turns without relying on visual cues or prompts 
from others

‘Fitting in’ socially Feeling that you are contributing socially
Feeling that you are part of the social group
Not having to avail of help from others to participate

Ease of 
participation

Being able to participate without always having to concentrate 
intensely
Being able to sustain participation over time
Not having to avoid or withdraw from a situation
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of comprehensiveness, indicating that items addressed 
all nine of the key concepts (Table  4). Again, the CPHI 
scored lower on relevance (8%). We judged that only 12 
out of the 145 items were relevant to group conversa-
tions in noisy environments. This is not surprising given 
the CPHI is a multi-dimensional instrument compris-
ing four broad subscales (communication performance, 
communication environment, communication strategies, 
and personal adjustment). The SSQ-12 and SSQ-18-C 
also performed well on comprehensiveness, both scor-
ing 89% (Table  4). In each of these two questionnaires, 
only one key concept was not addressed; ‘Being able 
to know if the person talking is part of your conversa-
tion or another conversation’ (SSQ-12), and ‘Being able 
to separate different streams of conversations’ (SSQ-
18-C). Relevance scores for Group conversations in noisy 
social situations was disadvantaged because the SSQ is 

a multi-dimensional instrument. Taking only the speech 
subscale into account, then for the SSQ-12, the five 
speech items were 40% relevant and for the SSQ-18-C, 
the 14 speech items were 29% relevant to our group con-
versations domain. The multi-item, multi-domain ques-
tionnaire developed by Schafer et al. (2013) [76] scored 
89% on comprehensiveness. Overall, this instrument 
scored poorly on relevance (2%) because only six out of 
43 items were about group conversations in noisy social 
situations. For all four of the instruments reported above 
(i.e., CPHI, SSQ-12, SSQ-18-C, and the questionnaire by 
Schafer et al. [76]), comprehensiveness was compromised 
because results were strongly reliant on single items 
which asked about multiple key concepts, such as ‘You’re 
at a dinner party with several other people. How often 
can you carry on a conversation or give and receive infor-
mation without a great deal of effort?’ [75], ‘You are in a 

Table 4  Ratings of relevance and comprehensiveness for each of the core outcome domains for SSD. Scoring for the individual key 
concepts across each candidate measurement instrument can be found in Additional file 4
Instrument Relevance Comprehensiveness

Spatial 
orientation

Group con-
versations in 
noisy social 
situations

Impact 
on social 
situations

Spatial 
orientation

Group con-
versations in 
noisy social 
situations

Impact 
on social 
situa-
tions

01. Abbreviated Hearing Aid Benefit Profile (APHAB) 0 13 0 0 44 0
02. Audio Processor Satisfaction Questionnaire (APSQ) 0 0 13 0 0 33
03. Bern Benefit in Single-Sided Deafness Questionnaire 
(BBSS)

10 10 0 13 11 0

04. BAHA satisfaction questionnaire (Ghossaini et al, 
2010)

0 7 10 0 22 22

07. Client Orientated Scale of Improvement (COSI) 19 13 13 38 11 22
08. Communication profile for hearing impaired (CPHI) 1 8 18 63 100 100
11. Dizziness Handicap Inventory (DHI) 0 0 4 0 0 11
15. Expected Consequences of Hearing aid Ownership 
(ECHO)

0 0 6 0 0 11

17. Glasgow Benefit Inventory (GBI) 0 0 6 0 0 11
18. Glasgow Health Status Inventory (GHSI) 0 0 6 0 0 11
21. Hearing Handicap Inventory (HHIA) 0 0 12 0 0 33
22. Hearing Implant Sound Quality Index (HISQUI-NL) 5 26 0 25 67 0
24. Hyperacusis Questionnaire (Khalfa et al, 2002) 0 7 0 0 11 0
26. Monaural auditory capacity assessment scale 
(MACAS)

22 17 0 75 56 0

27. Multi-item, multi-domain questionnaire Schafer et al., 
2013) [76]

2 14 2 13 89 11

28. Nijmegen Cochlear Implant Questionnaire (NCIQ) 5 0 5 75 0 22
41. Questionnaire (Snapp et al, 2010) 50 25 0 13 11 0
47. Speech Spatial & Qualities 12 items (SSQ-12) 25 17 8 100 89 11
49. Spatial Hearing Questionnaire (SHQ) 50 0 0 88 0 0
50. Speech, Spatial & Qualities 12 items Comparative 
(SSQ-12-C)

25 17 8 63 56 11

51. Speech, Spatial & Qualities 12 Pre and Post (SSQ-12-B) 25 17 8 63 56 11
52. Speech, Spatial & Qualities 18 items Comparative 
(SSQ-18-C)

29 8 0 100 89 0

53. Speech, Spatial & Qualities 5 items (SSQ-5) 20 40 20 50 44 11
58. Tinnitus Handicap Inventory (THI) 0 0 4 0 0 11
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group of about five people in a busy restaurant. You can/
cannot see everyone else in the group. Can you follow the 
conversation?’ [72, 73], and ‘How difficult is it to under-
stand multiple talkers all around you in noise, at work or 
school?’ [76].

For Impact on social situations, the CPHI questionnaire 
[75] scored 100% on the rating of comprehensiveness, 
indicating that items addressed all nine of the key con-
cepts (Table  4). Unlike the two other core domains, the 
comprehensiveness score was not reliant on single ques-
tions because there was more of a one-to-one mapping 
between one question and one key concept. Regarding 
relevance, 26 out of the 145 items were judged to be rele-
vant to this core domain (18% relevance). This is perhaps 
not surprising given that the CPHI is a multi-dimensional 
instrument comprising four broad subscales (communi-
cation performance, communication environment, com-
munication strategies, and personal adjustment). No 
other candidate instrument was deemed to be appropri-
ate for assessing Impact on social situations as defined by 
our expert stakeholders.

Discussion
This study engaged with stakeholder representatives to 
gain an in-depth understanding of exactly what the out-
come domains mean to SSD experts and identified and 
assessed candidate PROMs for their relevance and com-
prehensiveness in measuring the SSD outcome domains. 
Outcome domains were complex in that they comprised 
multiple conceptual components. For example, Spatial 
orientation included aspects of being aware that sounds 
are not in one’s visual field, knowing where sounds are in 
relation to oneself, and attending to sounds in one loca-
tion and not at other locations. The key concepts iden-
tified by SSD experts in the present study complement 
previous themes explored through qualitative research 
with healthcare users with SSD. Notably, Lucas et al. 
[35] identified communication tactics for aiding group 
conversations in noisy situations and for enabling full 
participation in the social world. These include correct 
positioning in a social setting to favour access to signals, 
speech, or visual cues to aid the person’s ability to follow 
conversations and to fully participate in challenging lis-
tening environments.

The most parsimonious way of measuring outcomes 
is that one outcome domain is measured by one instru-
ment (e.g. [77]). However, some outcome developers con-
sider it to be simpler and less burdensome for healthcare 
users and health systems to utilise a single instrument 
rather than many individual PROMs (e.g. [78]). In hear-
ing sciences, it has also been traditional to develop multi-
dimensional instruments that assess a number of domains 
at the same time. Where the core outcome domains iden-
tified by our consensus methodology [68] do not match 

the outcome domains considered by the developers of the 
original instruments, the disadvantage of this approach 
is obvious. Several candidate instruments scored well 
in terms of their comprehensiveness because they cap-
tured all key concepts of the core domain of interest, but 
scored poorly in terms of their relevance because many 
items within the instrument asked about other aspects 
of hearing which were irrelevant to that core domain. In 
this regard, none of the 76 candidate instruments met the 
COSMIN standards for content validity in the context of 
assessing the three core outcome domains for SSD. Nev-
ertheless, there are some instruments which are worthy 
of further consideration because they could be modified 
to enhance their psychometric properties. Some sugges-
tions about future research directions are discussed for 
each outcome domain in turn.

For assessing Spatial orientation, on balance the SHQ 
[74] and the SSQ-18-C [73] have the greatest potential for 
modification in order to create acceptable instruments. 
Twelve items from the SHQ (Items 13, 14, 15, 16, 17, 18, 
19, 20, 21, 22, 23, and 24) and 14 items from the SSQ-
18-C (Items 15, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 29, 30, 
and 31) were found to be relevant to the key concepts for 
Spatial orientation. Modification would need to consider 
removing items that are not relevant to Spatial orienta-
tion, adding items (for the SHQ) asking about the abil-
ity to attend to sounds in the presence of noise or other 
distracting sounds, and rewording items (for the SSQ-
18-C) so that items were more clearly relevant to specific 
key concepts. Considering the psychometric properties 
of any modified instrument, the last two points are par-
ticularly relevant for other important aspects of validity; 
namely construct and structural validity. Construct valid-
ity is the extent to which the PROM accurately measures 
the intended construct, while structural validity is the 
degree to which the PROM items and subscales reflect 
the underlying dimensionality of the construct being 
measured.

For Group conversations in noisy social situations, none 
of the existing instruments stood out as adequate can-
didates for measuring this outcome domain. Although 
instruments had good domain coverage, even speech-
related subscales contained items that were not relevant 
to our domain of interest. Our findings highlight a gap in 
current practice which could be addressed through the 
creation of a new instrument that is more parsimonious 
for assessing Group conversations in noisy social situa-
tions. The CPHI, SSQ-12, SSQ-18-C and the question-
naire by Schafer et al. [76] all contain items that could be 
retained in a such new instrument. There are precedents 
for taking such an approach in the field of hearing sci-
ences. For example, the developers of the Tinnitus Func-
tional Index created this instrument by selecting the 25 
best-functioning items from a pool of 175 items that had 
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been harvested from nine widely used tinnitus question-
naires [79].

There is a growing body of evidence that hear-
ing impairment significantly impacts on social well-
being including engaging socially and maintaining 
inter-personal relationships [36, 80–83]. It is perhaps 
therefore surprising that for assessing Impact on social 
situations, the CPHI questionnaire [75] was the only 
identified PROM suitable for assessing this outcome 
domain. Twenty-six items from the SHQ (Items 5, 9, 12, 
28, 31, 38, 41, 45, 52, 61, 65, 69, 72, 78, 80, 84, 92, 104, 
109, 110, 116, 131, 135, 141, 144, and 145) were found to 
be relevant to the key concepts that were identified by 
our SSD experts. Our findings indicate that development 
of an instrument tailored to assessing social impacts is 
warranted. But any modification of the CPHI question-
naire to create a more parsimonious measure of social 
impact would again need to consider removing items that 
were not relevant to this domain.

Limitations
One of the study objectives was to identify and assess 
candidate PROMs for their relevance and comprehen-
siveness in measuring the three core outcome domains 
for SSD trials identified by the CROSSSD initiative [68]. 
These three outcome domains were identified through 
an international stakeholder involvement. However, for 
the domain conceptualisation phase of this project most 
participants were male, white Caucasian, and British. 
This geographical bias was in part due to the restriction 
on eligibility to those who had ‘core outcome set liter-
acy’ [84, 85], i.e., who had already been engaged in the 
CROSSSD study [64]. It is unlikely that this geographical 
bias majorly impacted on the results because no material 
differences were noted in the functional domain topics 
and key concepts highlighted by focus group 1 (all Brit-
ish, male participants) and focus group 2 (other Euro-
pean, predominately male participants).

Concluding remarks
An ongoing challenge facing researchers, funders, 
healthcare professionals, and policy makers globally 
is adoption of translational research. For example, 
core outcome set uptake in trials contributes to reduc-
ing research waste by limiting selective reporting of 
outcomes and ensuring that results can be effectively 
compared and combined [86]. A recent review sug-
gests that core outcome set uptake is low in most 
research areas [87], with most common barriers being 
not including all relevant stakeholder representa-
tives in the core outcome set development process, 
which can reduce the generalisability and credibil-
ity of the outcome set [86]. Another identified bar-
rier is not making recommendations on measurement 

instruments for the domains in the core outcome set 
[87]. The CROSSSD study group have endeavoured to 
minimise these barriers by using robust stakeholder 
engagement methods, including study team members 
with lived experience of SSD and making recommen-
dations on measurement instruments. One sugges-
tion going forward is to conduct a realist evaluation 
to understand how the research translation process 
contributes to health system sustainability and value-
based healthcare [88]. Williamson et al. [87] suggest 
a ‘bottom up’ approach to research translation, which 
can yield positive outcomes across impact domains in 
a core outcome set, including advancing knowledge, 
collaboration and capacity building as well as contrib-
uting to changes in policy and practice. For example, 
an approach where core outcome set developers col-
laborate with key organisations and communities in 
a specific health area, to identify, tailor, and promote 
uptake strategies can be helpful. The review by Sal-
danha et al. [89] suggests that greater adoption of, and 
reference to, core outcome sets in regulatory guid-
ance documents can encourage clinical researchers to 
measure and report consistent and agreed outcomes. 
Joining forces with different working groups (e.g., 
American Cochlear Implant Alliance Task Force [90]) 
could help to harmonise recommendations and would 
serve to complete the CROSSSD study roadmap [64].

List of abbreviations
APHAB	� Abbreviated Profile of Hearing Aid Benefit
APSQ	� Audio Processor Satisfaction Questionnaire
BAHA	� Bone Anchored Hearing Aid
BBSS	� Bern Benefit in Single-Sided deafness
BRC	� Biomedical Research Centre
CI	� Cochlear Implant
COMET	� Core Outcome Measures in Effectiveness Trials
COSI	� Client Orientated Scale of Improvement
COSMIN	� Consensus-based Standards for the selection of health 

Measurement INstruments
COVID	� COrona VIrus Disease
CPHI	� Communication Profile for Hearing Impaired
CPMS	� Central Portfolio Management System
CRN	� Clinical Research Network
CROSSSD	� Core Rehabilitation Outcome Set for Single-Sided Deafness
DHI	� Dizziness Handicap Inventory
ECHO	� Expected Consequences of Hearing aid Ownership
GBI	� Glasgow Benefit Inventory
GHSI	� Glasgow Health Status Inventory
HHIA	� Hearing Handicap Inventory for Adults
HISQUI-NL	� Hearing Implant Sound Quality Index
HP	� Healthcare Professional
HU	� Healthcare User
IRAS	� Integrated Research Application System
MACAS	� Monaural Auditory Capacity Assessment Scale
NCIQ	� Nijmegen Cochlear Implant Questionnaire
NIHR	� National Institute for Health Research
PPI	� Patient and Public Involvement
PROM(s)	� Patient Reported Outcome Measure(s)
REC	� Research Ethics Committee
SHQ	� Spatial Hearing Questionnaire
SSD	� Single-Sided Deafness
SSQ	� Speech, Spatial and Qualities hearing scale
THI	� Tinnitus Handicap Inventory



Page 11 of 13Katiri et al. Journal of Patient-Reported Outcomes            (2025) 9:68 

UK	� United Kingdom
VAS	� Visual Analogue Scale

Supplementary information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​4​1​6​8​7​-​0​2​5​-​0​0​9​0​2​-​4.

Supplementary Material 1

Supplementary Material 2

Supplementary Material 3

Supplementary Material 4

Acknowledgements
The CROSSSD study group would like to acknowledge the generous 
contributions of all the healthcare users and healthcare professionals 
that attended and participated during the focus groups: Ad Snik, Carly 
Sygrove, Lewis Williams, Paul K. James, Peter Toth, Richard Bowles, and 
Richard Nicholson. Thank you to Paul Van de Heyning (Department of 
Otorhinolaryngology, Head and Neck Surgery, Antwerp University Hospital, 
Antwerp, Belgium), Jill B. Firszt (School of Medicine, Washington University 
in St. Louis, St. Louis, Missouri, USA) and Iain A. Bruce (Manchester University 
Hospitals NHS Foundation Trust, Manchester Academic Health Science 
Centre, Manchester, UK) for their input as members of the CROSSSD study 
international experts steering group. The views expressed in this publication 
are those of the author(s) and not necessarily those of the National Health 
Service (NHS), the National Institute for Health Research (NIHR) or the 
Department of Health and Social Care. The study sponsor was the University 
of Nottingham.

Author contributions
Study conceptualisation: RK, DAH, DJH, KF. Data curation: RK, PTK, DAH, DJH, 
SS, BA, KF, AH, NB, NH, PTK. Formal analysis and data interpretation: RK, SS, BA, 
PTK, DAH, DJH, KF. Funding acquisition: DAH, PTK. Methodology: RK, PTK, DAH, 
DJH, SS, BA. Project administration: RK, PTK, DAH. Original draft preparation: RK, 
DAH, DJH, KF, SS, BA. Review and editing of final draft: RK, PTK, DJH, DAH, KF, 
SS, BA, AH, NH, NB. Final approval of the published manuscript: RK, PTK, DJH, 
DAH, KF, AH, NH, NB, SS, BA. Study supervision: PTK, DAH, DJH, KF. All authors 
agree to be accountable for all aspects of the work in ensuring that questions 
related to the accuracy or integrity of any part of the work are appropriately 
investigated and resolved.

Funding
This work was supported by the National Institute for Health Research (NIHR) 
Nottingham Biomedical Research Centre (BRC), funding reference number 
BRC-1215-20,003. DAH was an NIHR Senior Investigator at the time this project 
was undertaken. KF was funded by the NIHR and Postdoctoral Fellowship 
PDF-2018-11-ST2-003. The funding bodies have no role in the study design 
and implementation, writing the report, or decision to submit the report for 
publication.

Data availability
The datasets and material used and/or analysed during the current study are 
available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Ethical approval was granted from the Proportionate Review Nottingham 2 
Research Ethics Committee (REC reference 19/EM/0222, Integrated Research 
Application System (IRAS project ID 239,750) on 06 August 2019. The study 
was adopted by the National Institute for Health Research (NIHR) Clinical 
Research Network (CRN) portfolio, Central Portfolio Management System 
(CPMS record 42,260). Informed consent was taken prior to participation at the 
focus groups using an online consent form. Participants were reminded that 
they could withdraw from the study at any point without needing to give a 
reason. All participants were volunteers and no reimbursement was given for 
their contribution.

Consent for publication
Consent for publication was received from all participants.

Competing interests
PTK declares receiving grants and other support from Cochlear Europe 
Ltd and Cochlear Ltd (Australia) outside the submitted work. DJH declares 
receiving a grant from Cochlear Europe Ltd outside of the submitted work. 
The rest of the authors declare no conflict of interest.

Author details
1Hearing Sciences, Mental Health and Clinical Neurosciences, School of 
Medicine, University of Nottingham, Nottingham NG7 2UH, UK
2NIHR Nottingham Biomedical Research Centre, Ropewalk House, 113 The 
Ropewalk, Nottingham NG1 5DU, UK
3Department of Audiology, Mater Misericordiae University Hospital, Eccles 
Street, Dublin D07 R2WY, Ireland
4Adult Diagnostic Audiology, University College London Hospitals NHS 
Foundation Trust, Royal National ENT & Eastman Dental Hospitals,  
London WC1E 6DG, UK
5Department of Psychology, School of Social Sciences, Heriot-Watt 
University, Edinburgh EH14 4AS, UK
6Nottingham University Hospitals NHS Trust, Queen’s Medical Centre, 
Derby Road, Nottingham NG7 2UH, UK
7Wessex Institute, University of Southampton, University Road, 
Southampton SO17 1BJ, UK
8National Acoustic Laboratories, Australian Hearing Hub, Macquarie 
University, 16 University Avenue, Macquarie Park, NSW 2109 Sydney, 
Australia

Received: 17 July 2024 / Accepted: 31 May 2025

References
1.	 de Heyning P V, Távora-Vieira D, Mertens G, et al. (2017) Towards a unified 

testing framework for single-sided deafness studies: a consensus paper. 
Audiol Neurootol 21:391–398

2.	 Everberg G (1960) Etiology of unilateral total deafness studied in a series of 
children and young adults. Ann Otol Rhinol Laryngol 69:711–730

3.	 Huttunen K, Erixon E, Löfkvist U, et al. (2019) The impact of permanent early-
onset unilateral hearing impairment in children - a systematic review. Int J 
Pediatr Otorhinolaryngol 120:173–183

4.	 Widen JE, Folsom RC, Cone-Wesson B, et al. (2000) Identification of neonatal 
hearing impairment: hearing status at 8 to 12 months corrected age using a 
visual reinforcement audiometry protocol. Ear Hear 21:471–487

5.	 Usami S-I, Kitoh R, Moteki H, et al. (2017) Etiology of single-sided deafness 
and asymmetrical hearing loss. Acta Otolaryngol 137:2–7

6.	 Dewyer NA, Smith S, Herrmann B, et al. (2022) Pediatric single-sided deafness: 
a Review of prevalence, radiologic findings, and cochlear implant candidacy. 
Ann Otol Rhinol Laryngol 131:233–238

7.	 Fitzpatrick EM, Al-Essa RS, Whittingham JA, et al. (2017) Characteristics of 
children with unilateral hearing loss. Int J Audiol 56:819–828

8.	 Wu Q, Li X, Sha Y, et al. (2019) Clinical features and management of Ménière’s 
disease patients with drop attacks. Eur Arch Otorhinolaryngol 276:665–672

9.	 Asfour L, Kay-Rivest E, Roland JTJ (2021) Cochlear implantation for single-
sided deafness after COVID-19 hospitalization. Cochlear Implants Int 
22:353–357

10.	 Koumpa FS, Forde CT, Manjaly JG (2020) Sudden irreversible hearing loss post 
COVID-19. BMJ Case Rep 13(11). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​3​6​​/​b​​c​r​-​2​0​2​0​-​2​3​8​4​1​9

11.	 Pokharel S, Tamang S, Pokharel S, et al. (2021) Sudden sensorineural hearing 
loss in a post-COVID-19 patient. Clin Case Rep 9:e04956

12.	 Douglas SA, Yeung P, Daudia A, et al. (2007) Spatial hearing disability after 
acoustic neuroma removal. Laryngoscope 117:1648–1651

13.	 Daniels RL, Swallow C, Shelton C, et al. (2000) Causes of unilateral sensori-
neural hearing loss screened by high-resolution fast spin echo magnetic 
resonance imaging: review of 1,070 consecutive cases. Am J Otol 21:173–180

14.	 Staecker H, Nadol JBJ, Ojeman R, et al. (2000) Hearing preservation in acoustic 
neuroma surgery: middle fossa versus retrosigmoid approach. Am J Otol 
21:399–404

https://doi.org/10.1186/s41687-025-00902-4
https://doi.org/10.1186/s41687-025-00902-4
https://doi.org/10.1136/bcr-2020-238419


Page 12 of 13Katiri et al. Journal of Patient-Reported Outcomes            (2025) 9:68 

15.	 Sanna M, Piccirillo E, Kihlgren C, et al. (2021) Simultaneous cochlear implanta-
tion after translabyrinthine vestibular schwannoma resection: a report of 41 
cases. Otol Neurotol 42:1414–1421

16.	 Chandrasekhar SS, Tsai Do BS, Schwartz SR, et al. (2019) Clinical practice 
guideline: sudden hearing loss (update). Otolaryngol Head Neck Surg 
161:S1–S45

17.	 Mirian C, Ovesen T (2020) Intratympanic vs systemic corticosteroids in first-
line treatment of idiopathic sudden sensorineural hearing loss: a systematic 
review and meta-analysis. JAMA Otolaryngol Head Neck Surg 146:421–428

18.	 Simani L, Oron Y, Shapira U, et al. (2022) Is idiopathic sudden sensorineural 
hearing loss seasonal? Otol Neurotol 43:1016–1021

19.	 Li G, You D, Ma J, et al. (2018) The role of autoimmunity in the pathogenesis 
of sudden sensorineural hearing loss. Neural Plast 2018:7691473

20.	 Rossini BAA, Penido N de O, Munhoz MSL, et al. (2017) Sudden sensorioneural 
hearing loss and autoimmune systemic diseases. Int Arch Otorhinolaryngol 
21:213–223

21.	 Kitterick PT, O’Donoghue GM, Edmondson-Jones M, et al. (2014) Comparison 
of the benefits of cochlear implantation versus contra-lateral routing of signal 
hearing aids in adult patients with single-sided deafness: study protocol for a 
prospective within-subject longitudinal trial. BMC Ear Nose Throat Disord 14:7

22.	 Snapp HA, Ausili SA (2020) Hearing with one ear: consequences and treat-
ments for profound unilateral hearing loss. J Clin Med 9:1010

23.	 Dwyer NY, Firszt JB, Reeder RM (2014) Effects of unilateral input and mode of 
hearing in the better ear: self-reported performance using the speech, spatial 
and qualities of hearing scale. Ear Hear 35:126–136

24.	 Lieu JEC, Tye-Murray N, Karzon RK, et al. (2010) Unilateral hearing loss is 
associated with worse speech-language scores in children. Pediatrics 
125:e1348–55

25.	 Gallun FJ (2021) Impaired binaural hearing in adults: a selected review of the 
literature. Front Neurosci 15:610957

26.	 Akeroyd MA (2006) The psychoacoustics of binaural hearing. Int J Audiol 
45:S25–33

27.	 Firszt JB, Reeder RM, Holden LK (2017) Unilateral hearing loss: understand-
ing speech recognition and localization variability-implications for cochlear 
implant candidacy. Ear Hear 38:159–173

28.	 Kitoh R, Nishio–, Usami– (2022) Speech perception in noise in patients with 
idiopathic sudden hearing loss. Acta Otolaryngol 142:302–307

29.	 Peters JPM, van Heteren JAA, Wendrich AW, et al. (2021) Short-term out-
comes of cochlear implantation for single-sided deafness compared to bone 
conduction devices and contralateral routing of sound hearing aids-Results 
of a Randomised controlled trial (CINGLE-trial). PLoS ONE 16:e0257447

30.	 Vannson N, James CJ, Fraysse B, et al. (2017) Speech-in-noise perception 
in unilateral hearing loss: relation to pure-tone thresholds and brainstem 
plasticity. Neuropsychologia 102:135–143

31.	 Pedley AJ, Kitterick PT (2017) Contralateral routing of signals disrupts monau-
ral level and spectral cues to sound localisation on the horizontal plane. Hear 
Res 353:104–111

32.	 Grossmann W, Brill S, Moeltner A, et al. (2016) Cochlear implantation 
improves spatial release from masking and restores localization abilities in 
single-sided deaf patients. Otol Neurotol 37:658–664

33.	 Welsh LW, Welsh JJ, Rosen LF, et al. (2004) Functional impairments due to 
unilateral deafness. Ann Otol Rhinol Laryngol 113:987–993

34.	 Holman JA, Drummond A, Naylor G (2021) Hearing aids reduce daily-
life fatigue and increase social activity: a longitudinal study. Trends Hear 
25:23312165211052786

35.	 Lucas L, Katiri R, Kitterick PT (2018) The psychological and social conse-
quences of single-sided deafness in adulthood. Int J Audiol 57:21–30

36.	 Pierzycki RH, Edmondson-Jones M, Dawes P, et al. (2020) Associations 
between hearing health and well-being in unilateral hearing impairment. Ear 
Hear 42:520–530

37.	 Lopez EM, Dillon MT, Park LR, et al. (2021) Influence of cochlear implant use 
on perceived listening effort in adult and pediatric cases of unilateral and 
asymmetric hearing loss. Otol Neurotol 42:e1234–e1241

38.	 Snapp HA (2019) Nonsurgical management of single-sided deafness: contra-
lateral routing of signal. J Neurol Surg B Skull Base 80:132–138

39.	 Sano H, Okamoto M, Ohhashi K, et al. (2013) Self-reported symptoms in 
patients with idiopathic sudden sensorineural hearing loss. Otol Neurotol 
34:1405–1410

40.	 Sano H, Okamoto M, Ohhashi K, et al. (2013) Quality of life reported by 
patients with idiopathic sudden sensorineural hearing loss. Otol Neurotol 
34:36–40

41.	 Hilber P (2022) The role of the cerebellar and vestibular networks in anxiety 
disorders and depression: the internal model hypothesis. Cerebellum 
21:791–800

42.	 Giolas TG, Wark DJ (1967) Communication problems associated with unilat-
eral hearing loss. J Speech Hear Disord 32:336–343

43.	 Harford E, Dodds E (1966) The clinical application of CROS. A hearing aid for 
unilateral deafness. Arch Otolaryngol 83:455–464

44.	 Harford E, Barry J (1965) A rehabilitative approach to the problem of unilat-
eral hearing impairment: the contralateral routing of signals CROS. J Speech 
Hear Disord 30:121–138

45.	 Niparko JK, Cox KM, Lustig LR (2003) Comparison of the bone anchored 
hearing aid implantable hearing device with contralateral routing of offside 
signal amplification in the rehabilitation of unilateral deafness. Otol Neurotol 
24:73–78

46.	 Snik AFM, Bosman AJ, Mylanus EAM, et al. (2004) Candidacy for the bone-
anchored hearing aid. Audiol Neurootol 9:190–196

47.	 Monini S, Musy I, Filippi C, et al. (2015) Bone conductive implants in single-
sided deafness. Acta Otolaryngol 135:381–388

48.	 Cabral Junior F, Hausen Pinna M, Dourado Alves R, et al. (2016) Cochlear 
implantation and single-sided deafness: a systematic review of the literature. 
Int Arch Otorhinolaryngol 20:69–75

49.	 Oh SJ, Mavrommatis MA, Fan CJ, et al. (2023) Cochlear implantation in adults 
with single-sided deafness: a systematic review and meta-analysis. Otolaryn-
gol Head Neck Surg 168:131–142

50.	 Van de Heyning P, Vermeire K, Diebl M, et al. (2008) Incapacitating unilateral 
tinnitus in single-sided deafness treated by cochlear implantation. Ann Otol 
Rhinol Laryngol 117:645–652

51.	 Katiri R, Peters JPM, Fackrell K, et al. (2023) Device-based interventions that 
seek to restore bilateral and binaural hearing in adults with single-sided deaf-
ness: a conceptual analysis. Front Audiol Otol 1:1242196

52.	 Hall DA, Kitterick PT, Heffernan E, et al. How do we know that our patients 
have benefitted from our ENT/Audiological interventions? Presented at the 
annual meeting of ADANO 2016 in Berlin. Otol Neurotol 2019; 40: e474–e481.

53.	 Kitterick PT, Smith SN, Lucas L (2016) Hearing instruments for unilateral 
severe-to-profound sensorineural hearing loss in adults: a systematic review 
and meta-analysis. Ear Hear 37:495–507

54.	 Katiri R, Hall DA, Killan CF, et al. (2021) Systematic review of outcome domains 
and instruments used in designs of clinical trials for interventions that seek 
to restore bilateral and binaural hearing in adults with unilateral severe to 
profound sensorineural hearing loss (‘single-sided deafness’). Trials 22:220

55.	 Kitterick PT, Lucas L, Smith SN (2015) Improving health-related quality of 
life in single-sided deafness: a systematic review and meta-analysis. Audiol 
Neurootol 20:79–86

56.	 Williamson PR, Altman DG, Bagley H et al (2017) The COMET Handbook: ver-
sion 1.0. Trials 18(Suppl):280. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​3​0​6​3​-​0​1​7​-​1​9​7​8​-​4

57.	 Hampton T, Milinis K, Whitehall E, et al. (2022) Association of bone conduc-
tion devices for single-sided sensorineural deafness with quality of life: a 
systematic review and meta-analysis. JAMA Otolaryngol Head Neck Surg 
148:35–42

58.	 Underdown T, Pryce H (2022) How do patients decide on interventions 
for single sided deafness? A qualitative investigation of patient views. Int J 
Audiol 61:551–560

59.	 Munro KJ, Whitmer WM, Heinrich A (2021) Clinical trials and outcome mea-
sures in adults with hearing loss. Front Psychol 12:733060

60.	 Terwee CB, Prinsen CAC, Chiarotto A, et al. (2018) COSMIN methodology for 
evaluating the content validity of patient-reported outcome measures: a 
Delphi study. Qual Life Res 27:1159–1170

61.	 de SAC, Alexandre NMC, Guirardello E de B (2017) Psychometric properties 
in instruments evaluation of reliability and validity. Epidemiol Serv Saude 
26:649–659

62.	 Terwee CB, Prinsen CAC, Chiarotto A et al (2018) COSMIN methodology for 
assessing the content validity of PROMs user manual version 1.0 (12 June 
2025). ​h​t​t​p​​s​:​/​​/​w​w​w​​.​c​​o​s​m​​i​n​.​​n​l​/​w​​p​-​​c​o​n​​t​e​n​​t​/​u​p​​l​o​​a​d​s​​/​C​O​​S​M​I​N​​-​m​​e​t​h​​o​d​o​​l​o​g​y​​-​f​​
o​r​-​​c​o​n​​t​e​n​t​​-​v​​a​l​i​​d​i​t​​y​-​u​s​​e​r​​-​m​a​n​u​a​l​-​v​1​.​p​d​f

63.	 Katiri R (2023) A consensus on outcome measures for device-based interven-
tions that seek to restore bilateral and binaural hearing in adults with single-
sided deafness. PhD thesis, University of Nottingham. ​h​t​t​p​s​:​​​/​​/​e​p​r​i​n​​t​​s​​.​n​o​t​​t​i​n​​g​h​​
a​​m​.​​a​c​.​​u​k​/​7​3​0​7​1​/

64.	 Katiri R, Hall DA, Buggy N, et al. (2020) Core Rehabilitation Outcome Set for 
Single Sided Deafness (CROSSSD) study: protocol for an international con-
sensus on outcome measures for single sided deafness interventions using a 
modified Delphi survey. Trials 21:238

https://doi.org/10.1186/s13063-017-1978-4
https://www.cosmin.nl/wp-content/uploads/COSMIN-methodology-for-content-validity-user-manual-v1.pdf
https://www.cosmin.nl/wp-content/uploads/COSMIN-methodology-for-content-validity-user-manual-v1.pdf
https://eprints.nottingham.ac.uk/73071/
https://eprints.nottingham.ac.uk/73071/


Page 13 of 13Katiri et al. Journal of Patient-Reported Outcomes            (2025) 9:68 

65.	 Braun V, Clarke V (2022) Conceptual and design thinking for thematic analy-
sis. Qual Psychol 9:3–26

66.	 Patrick DL, Burke LB, Gwaltney CJ, et al. (2011) Content validity: establishing 
and reporting the evidence in newly developed patient-reported outcomes 
(PRO) instruments for medical product evaluation: ISPOR PRO Good research 
practices task force report: part 1-Eliciting concepts for a new PRO instru-
ment. Value Health 14:967–977

67.	 Katiri R, Hall DA, Hoare DJ, et al. (2021) Redesigning a web-based stakeholder 
consensus meeting about core outcomes for clinical trials: formative feed-
back study. JMIR Form Res 5:e28878

68.	 Katiri R, Hall DA, Hoare DJ, et al. (2022) The Core Rehabilitation Outcome 
Set for Single-Sided Deafness (CROSSSD) study: international consensus on 
outcome measures for trials of interventions for adults with single-sided 
deafness. Trials 23:764

69.	 Gatehouse S (1999) Glasgow hearing aid benefit profile: derivation and 
validation of a client-centered outcome measure for hearing aid services. J 
Am Acad Audiol 10:80–103

70.	 Cox RM, Alexander GC (2002) The International Outcome Inventory for Hear-
ing Aids (IOI-HA): psychometric properties of the English version. Int J Audiol 
41:30–35

71.	 Cox RM, Alexander GC (2001) Validation of the SADL questionnaire. Ear Hear 
22:151–160

72.	 Noble W, Jensen NS, Naylor G, et al. (2013) A short form of the Speech, Spatial 
and Qualities of Hearing scale suitable for clinical use: the SSQ12. Int J Audiol 
52:409–412

73.	 Gatehouse S, Noble W (2004) The Speech, Spatial and Qualities of hearing 
scale (SSQ). Int J Audiol 43:85–99

74.	 Tyler RS, Perreau AE, Ji H (2009) Validation of the Spatial Hearing question-
naire. Ear Hear 30:466–474

75.	 Demorest ME, Erdman SA (1987) Development of the communication profile 
for the hearing impaired. J Speech Hear Disord 52:129–143

76.	 Schafer EC, Baldus N, D’Souza M, et al. (2013) Behavioral and subjective 
performance with digital CROS/BiCROS hearing instruments. JARA 46:62–93

77.	 Rolfson O, Wissig S, Van Maasakkers L, et al. (2016) Defining an international 
standard set of outcome measures for patients with hip or knee osteo-
arthritis: consensus of the international consortium for health outcomes 
measurement hip and knee osteoarthritis working group. Arthritis Care Res 
68:1631–1639

78.	 De Roos P, Bloem BR, Kelley TA, et al. (2017) A consensus set of outcomes for 
Parkinson’s disease from the international consortium for health outcomes 
measurement. J Park Dis 7:533–543

79.	 Meikle MB, Henry JA, Griest SE, et al. (2012) The Tinnitus Functional Index: 
development of a new clinical measure for chronic, intrusive tinnitus. Ear 
Hear 33:153–176

80.	 Barker AB, Leighton P, Ferguson MA (2017) Coping together with hearing loss: 
a qualitative meta-synthesis of the psychosocial experiences of people with 
hearing loss and their communication partners. Int J Audiol 56:297–305

81.	 Dawes P, Fortnum H, Moore DR, et al. (2014) Hearing in middle age: a 
population snapshot of 40- to 69-year olds in the United Kingdom. Ear Hear 
35:e44–e51

82.	 Heffernan E, Withanachchi CM, Ferguson MA (2022) ‘The worse my hearing 
got, the less sociable I got’: a qualitative study of patient and professional 
views of the management of social isolation and hearing loss. Age Ageing 
51:afac019

83.	 Vas V, Akeroyd MA, Hall DA (2017) A data-driven synthesis of research 
evidence for domains of hearing loss, as reported by adults with hearing loss 
and their communication partners. Trends Hear 21:2331216517734088

84.	 Gargon E, Williamson PR, Young B (2017) Improving core outcome set devel-
opment: qualitative interviews with developers provided pointers to inform 
guidance. J Clin Epidemiol 86:140–152

85.	 Chevance A, Tran–, Ravaud P (2020) Controversy and debate series on core 
outcome sets. Paper 1: improving the generalizability and credibility of core 
outcome sets (COS) by a large and international participation of diverse 
stakeholders. J Clin Epidemiol 125:206–212.e1

86.	 Mosedale A, Geelhoed E, Zurynski Y, et al. (2022) An impact review of a West-
ern Australian research translation program. PLoS ONE 17:e0265394

87.	 Williamson PR, Barrington H, Blazeby JM, et al. (2022) Review finds core out-
come set uptake in new studies and systematic reviews needs improvement. 
J Clin Epidemiol 150:154–164

88.	 Mosedale A, Hendrie D, Geelhoed E, et al. (2022) Realist evaluation of the 
impact of the research translation process on health system sustainability: a 
study protocol. BMJ Open 12:e045172

89.	 Dodd S, Fish R, Gorst S, et al. (2021) Representation of published core out-
come sets for research in regulatory guidance: protocol. HRB Open Res 4:45

90.	 Dillon MT, Kocharyan A, Daher GS, et al. (2022) American Cochlear Implant 
Alliance task force guidelines for clinical assessment and management of 
adult cochlear implantation for single-sided deafness. Ear Hear 43:1605–1619

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


	﻿Assessment of current patient reported outcome measures for three core outcome domains for single-sided deafness device intervention trials
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Objective 1. Domain conceptualisation
	﻿Participants
	﻿Data collection instruments and technologies
	﻿Data analysis
	﻿Objective 2. Content validity
	﻿Protocol variations

	﻿Results


