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Appendix 8  

Data extraction: BAHA versus BCHA/
ACHA

Reference and 
design Intervention Participants Outcome measures

Cooper et al. 
199678

UK

Design: cohort 
(one group pre 
and post)

Study setting: 
secondary care

Number of 
centres: single

Funding: NR

1. Previous aid: 
AC/BC

2. BAHA

BAHA model: 
Nobel Biocare 
HC200/300/220

Other interventions 
used: candidates 
discuss surgical 
procedure, pros/cons 
of BAHAs and other 
options. Patients 
must meet another 
BAHA patient in 
order to have realistic 
expectations

If existing aid was 
old or inadequate, 
a new appropriate 
aid/s was fitted prior 
to testing, so testing 
was against previous 
optimal aiding

Indication for treatment: adults with 
bilateral hearing loss

Number of participants: 68

Subgroups (aetiology and previous 
aid):

1. CSOM/ACHA, n = 24

2. CSOM/BCHA, n = 19

3. CON/ACHA, n = 9

4. CON/BCHA, n = 16

Sample attrition/dropout: 68/106 
successfully follow up

Inclusion/exclusion criteria for study 
entry: minimum age 17 years. 
Audiological criteria:

1. average BC thresholds (0.5–
4 kHz) < 40 dB HL (ear level), 
< 60 dB HL (body-worn)

2. speech discrimination score 
> 60%

3. realistic expectations

4. reasonable social support. Final 
decision about suitability for 
BAHA made by multidisciplinary 
team

Outcomes: PTA, free-field speech results, free-field warble-
tone threshold and questionnaire

Method of assessing outcomes: PTAs are calculated from 
thresholds at 500, 1000, 2000 and 4000 Hz. Free-field 
speech results (%) discrimination at 63 dB(A) and obtained 
under three conditions (without aid, with existing aid, with 
BAHA) and frequencies are the same as for PTA

Average free-field warble-tone threshold at same frequencies 
and conditions

Questionnaire: 11 questions on usage and satisfaction, 
scored pre- and post-BAHA fitting

 ■ Question 7: included seven questions, but only the three 
identified as being most important to patients when using 
their BAHA were reported [(1) listening to radio or TV; (2) 
listening in quiet surroundings with friends and family at 
home; (3) listening in noisy surroundings with a group of 
people] and scored from 1 to 5 (very satisfactory to very 
unsatisfactory). Number of patients that showed a worse 
score, improved by one point, and improved by more than 
one point reported

 ■ Question 9 (feelings about old aid and BAHA): results 
were scored by allocating a positive point to any 
positive comments and a negative point to any negative 
comments made by patients. An overall score was 
obtained for the old aid and for the BAHA. BAHA 
performance was compared with the old aid by counting 
the number in each group showing a worse, same or 
better score on this question

 ■ Question 10: patients rated their feelings regarding 
sound quality of their old aid and the BAHA against 
12 descriptions of sound presented to them. Patients 
ticked the best descriptor describing their experience. 
Descriptions one and three were positive sound quality 
attributes and the remainder negative quality attributes

 ■ Overall satisfaction with the BAHA compared with the 
previous aid was scored worse, same or better by 
patients

Length of follow-up: pre-op assessment and 6 months post-
BAHA fitting assessment

Characteristics of participantsa

CSOM/ACHA, 
n = 24

CSOM/BCHA, 
n = 19

CON/ACHA, n = 9 CON/BCHA, n = 16 p-value

Age, mean years ~ 58 ~ 61 ~ 30 ~ 24 p < 0.01b

Mean PTA threshold, AC 
500–4000 Hz (db HL)

~ 58 ~ 65 ~ 70 ~ 60 p > 0.05b

Mean PTA threshold, BC 
500–4000 Hz (db HL)

~ 24 ~ 30 ~ 20 ~ 13 p < 0.01b
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Air-bone gap (500–4000 Hz)  
(db HL)

~ 33 ~ 32 ~ 52 ~ 49

CON overall group mean for BC threshold = 17.2 dB HL – just inside the normal range, both CSOM groups are outside the normal range

Results

Questionnaire (BAHA 
compared with old aid):

CSOM/ACHA, n = 24 CSOM/BCHA, n = 19 p-value

Worst Same Better Worst Same Better

Hearing in quiet, n 3 9 9 0 7 9 CSOM/BCHA p < 0.01c

Hearing in noise, n 2 5 12 1 4 11 CSOM/ACHA p < 0.01,c 
CSOM/BCHA p < 0.01c

Hearing TV/radio, n 4 9 9 1 4 11 CSOM/BCHA p < 0.01c

Feelings about BAHAs, n 3 3 15 1 5 10 CSOM/ACHA p < 0.01,c 
CSOM/BCHA p < 0.01c

Overall satisfaction, n 5 5 10 2 3 12 CSOM/ACHA p = NS, CSOM/
BCHA p < 0.01c

Questionnaire (BAHA 
compared with old aid):

CON/ACHA, n = 9 CON/BCHA, n = 16 p-value

Worst Same Better Worst Same Better

Hearing in quiet, n 0 3 3 0 6 6 CON/BCHA p < 0.05c

Hearing in noise, n 1 0 5 3 4 5

Hearing TV/radio, n 0 1 5 0 5 7 CON/ACHA p < 0.01,c CON/
BCHA p < 0.05c

Feelings about BAHAs, n 0 0 8 2 1 9 CON/ACHA p < 0.05,c CON/
BCHA p < 0.01c

Overall satisfaction, n 0 2 5 0 5 9 CON/ACHA p < 0.05,c CON/
BCHA p < 0.01c

Questionnaire: sound quality 
(BAHA compared with old 
aid),% of patients with:

Old aid BAHA p-value

Positive responses 44 67

Negative responses 63 50

Comments: 95.5% of patients used BAHA for > 8 hours a day, 89.7% of these reporting sufficiently amplified sound

Hearing measures CSOM/ACHA, n = 24 CSOM/BCHA, n = 19 p-value

No aid Old aid BAHA No aid Old aid BAHA

Mean free-field warble-tone 
thresholds [dB(A), 500–
4000 Hz]

~ 60 ~ 40 ~ 33 ~ 63 ~ 42 ~ 35 CSOM/ACHA p < 0.01,d 
CSOM/BCHA p < 0.01d

Mean free-field speech 
discrimination score (at 
63 dB),% correct

~ 19 ~ 69 ~ 72 ~ 17 ~ 65 ~ 72 CSOM/ACHA p = NS,e CSOM/
BCHA p = NSe

Worst Same Better Worst Same Better

Mean free-field warble-tone 
threshold (BAHA compared 
with previous aid), number of 
patients

~ 6 0 ~ 18 ~ 1 ~ 1 ~ 15

Speech discrimination scores at 
63 dB (BAHA compared with old 
aid), number of patients

~ 12 ~ 2 ~ 9 ~ 5 ~ 1 ~ 12

CON/ACHA, n = 9 CON/BCHA, n = 16 p-value

No aid Old aid BAHA No aid Old aid BAHA

Mean free-field warble-tone 
thresholds, dB (500–4000 Hz)

~ 68 ~ 41 ~ 28 ~ 62 ~ 31 ~ 26 CON/ACHA p < 0.01,d CON/
BCHA p < 0.01d

Mean free-field speech 
discrimination score (at 
63 dB),% correct

~ 17 ~ 57 ~ 82 ~ 3 ~ 86 ~ 85 CON/ACHA p < 0.05,f CON/
BCHA p = NSf
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Worst Same Better Worst Same Better

Mean free-field warble-tone 
threshold (BAHA compared 
with previous aid), number of 
patients

0 0 ~ 9 ~ 3 0 ~ 11

Speech discrimination scores at 
63 dB (BAHA compared with old 
aid), number of patients

~ 0 ~ 3 ~ 5 ~ 3 ~ 5 ~ 5

Methodological comments

 ■ Allocation to treatment groups: patients divided into four subgroups based on aetiology and previous hearing aid, pre-op data with previous aid 
compared with post BAHA fitting

 ■ Blinding: none
 ■ Comparability of treatment groups: CON groups significantly younger than CSOM group, with a mean age of approximately half
 ■ Method of data analysis: students unpaired t-test between CSOM groups and CON groups for age and PTA thresholds. Students paired t-test for 

free-field warble-tone thresholds and free-field speech discrimination scores (at 63 dB). For each group, results of BAHAs were compared with 
old aid. Questionnaire was analysed using sign test for paired samples, with each group separately considered. Owing to low number of patients, 
the better + 1 and better > 1 scores were combined

 ■ Sample size/power calculation: NR
 ■ Attrition/dropout: of 106 patients wearing BAHAs, 68 were followed up. The data for number for patients whose warble-tone thresholds/speech 

discrimination scores were worse, same or better with BAHA appear to have some missing patients (CSOM/BCHA = 11%; CON/BCHA = 12%). 
There also appear to be missing data for the questionnaire

General comments

 ■ Generalisability: adults with bilateral conductive hearing loss from CSOM or congenital causes
 ■ Outcome measures: outcomes appear appropriate, but no SD etc. has been reported. It is unclear if the questionnaire used has been validated. 

Out of 15 questions in the questionnaire, only 1–11 were included, as the others were related to hardware usage and views on service 
provision. However, only questions 7 (3 out of 7 questions), 9 and 10, plus overall satisfaction, were actually reported in the results section. 
Authors state that data were gathered at 1, 6 and 12 months post-fitting of BAHA and annually thereafter. The 6-month data set was ‘chosen’ 
for analyses because ‘patients had achieved the main benefits with the BAHA by this stage’. Data were mostly supplied in graph format only and 
had to be calculated by the researcher

 ■ Inter-centre variability: not applicable
 ■ Conflict of interests: NR

CON, congenital hearing loss; CSOM, chronic suppurative otitis media; NR, not reported; NS, not significant.
a Data estimated from figure by reviewer for patient characteristics, mean free-field warble-tone thresholds, mean free-field speech 

discrimination scores, reported hearing in quiet, noise or with TV/radio and for overall satisfaction with BAHA.
b Between CSOM and CON group.
c Significant improvement in hearing with BAHA compared with old aid.
d Results significantly better with BAHA than with the old aid, average improvement approximately 10 dB.
e The differences in speech discrimination scores between the old aid and BAHA were NS.
f The differences in speech discrimination scores between the old aid and BAHA were significantly improved with the BAHA for the CON/ACHA 

group, but not the CON/BCHA group.

Quality assessment for primary studies

A. Selection bias

1. Are the individuals selected to participate in the study 
likely to be representative of the target population?

Very likely Somewhat likely

x

Not likely Can’t tell

2. What percentage of selected individuals agreed to 
participate?

80–100% 60–79% < 60% Not 
applicable

Can’t tell

x

Summary of selection bias (methodological strength of 
study)

Strong Moderate Weak

x
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B. Study design

1. What was the study design? (Please tick appropriate and 
specify design in No. 7)

RCT

Controlled clinical trial

Cohort analytic (two group pre and post)

Case–control

Cohort [one group pre and post (before and after)] x reviewer’s opinion

Interrupted time series

Other – specify

Can’t tell

2. Was the study described as randomised? Yes No x

If answer to No. 2 is no, go to section on Section C Confounders. If answer yes, answer No. 3 and No. 4 below.

3. If answer was yes, was the method of randomisation 
described?

Yes No

4. If answer was yes, was the method appropriate? Yes No

Summary of study design (methodological strength of study) Strong Moderate Weak

x

C. Confounders

Two groups: are confounders reported AND controlled for in 
the analysis?

OR if one group: are potential confounding variables 
reported?

Yes No

x

Can’t tell Not 
applicable

Summary of confounders (methodological strength of study) Strong Moderate Weak

x

Not 
applicable

D. Blinding

1. Was the outcome assessor aware of the intervention or 
exposure status of participants?

Yes

x

No Can’t tell

2. Were the study participants aware of the research 
question?

Yes

x

No Can’t tell

Summary of blinding (methodological strength of study) Strong Moderate Weak

x

E. Data collection methods

1. Were data collection tools shown to be valid? Yes

x

No Can’t tell

2. Were data collection tools shown to be reliable? Yes

x

No Can’t tell

Summary of data collection (methodological strength of 
study)

Strong

x

Moderate Weak

F. Withdrawals and dropouts

1. Were withdrawals and dropouts reported in terms of 
numbers and reasons per group?

Yes No

x

Can’t tell

2. Indicate the percentage of participants completing 
the study (if the percentage differs by groups, record the 
lowest)

80–100% 60–79%

x

< 60% Can’t tell

Summary of withdrawals and dropouts (methodological 
strength of study)

Strong Moderate Weak

x
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G. Intervention integrity

1. Was the consistency of the intervention measured? Yes

x

No Can’t tell 

H. Analysis

1. Are the statistical methods appropriate for the study 
design?

Yes

x

No Can’t tell

2. Does the study report how missing data are dealt with in 
the analysis?

Yes No

x

Can’t tell N/A

Global rating for studya

(Overall methodological strength of study – based on 
sections A–F)

Strong Moderate Weak

x

a Strong = four strong ratings with no weak ratings; moderate = less than four strong ratings and one weak rating; weak = two or more weak 
ratings.

Reference and 
Design Intervention Participants Outcome measures

Hol et al. 200482

Netherlands

Design: cohort pre 
and post

Study setting: 
otorhino-
laryngology 
department

Number of 
centres: one

Funding: NR

1. Previous aid 
(ACHA/BCHA)

2. BAHA Classic 
(51), BAHA 
Cordelle (5)

Indication for treatment: acquired conductive or 
mixed hearing loss

Number of participants: n = 56 (ACHA, n = 36; 
BCHA, n = 20)

Sample attrition/dropout: NR

Inclusion/exclusion criteria for study entry: 
consecutive adult patients with acquired 
conductive or mixed hearing loss and listed for 
BAHA surgery

Primary outcomes: quality of life

Secondary outcomes: number of hours of daily 
BAHA use; number of visits to otolaryngologist 
due to otorrhoea or skin irritations; frequency 
of episodes of otorrhoea; prevalence of skin 
irritations

Method of assessing outcomes: SF-36; EQ-
5D: 5 domains (1 = no problems to 3 = severe 
problems); utility index (0 = worse than death 
to 1 = perfect health); EQ-5D visual analogue 
scale (0 = worst imaginable state of health to 
100 = best imaginable state of health); HHDI

Note: data for whole group also reported but not 
extracted

Length of follow-up: questionnaires completed 
with previous aid (ACHA or BCHA) before surgery 
and after 6 months experience with BAHA

Characteristics of participants

Total (n = 56) ACHA (n = 36) BCHA (n = 20)

Age, years, mean (range) 52.9 (24–82) 47.9 (24–73) 62.0 (42–82)

Sex,% male 39 33 45

Hearing loss at 0.5, 1.0 and 2.0 kHz, 
dB HL, mean (range):

AC 68.1 (30–107) 63.2 (30–103) 76.5 (40–107)

BC 31.8 (9–63) 26.8 (9–51) 43.4 (17–63)

Air-bone-gap, dB, mean (range) 36.3 (13–60) 36.4 (16–60) 36.1 (13–53)

Results: previous aid ACHA

SF-36 mean (SD) ACHA (n = 36) BAHA (n = 36) Mean difference Effect size

Physical functioning 80.3 (21.8) 79.8 (22.4) –0.5 (p = NS) 0.02

Role limitations (physical) 71.5 (39.7) 68.9 (40.5) –2.6 (p = NS) 0.06

Role limitations (emotional) 76.2 (40.1) 73.2 (38.1) –3.0 (p = NS) 0.07

Vitality 60.4 (20.0) 59.9 (19.9) –0.5 (p = NS) 0.02

Mental health 62.4 (18.0) 67.9 (21.3) 5.5 (p = NS) –0.28

Social functioning 69.8 (28.3) 75.0 (27.8) 5.2 (p = NS) –0.19
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Pain 74.7 (25.2) 79.2 (25.0) 4.5 (p = NS) –0.18

General health 63.2 (21.4) 63.6 (21.2) –0.4 (p = NS) –0.18

No statistically significant changes in any domain (better functioning leads to a higher score on a specific item). Mental health improved but not 
statistically significantly and effect size was small (–0.28)

EQ-5D mean (SD) ACHA (n = 36) BAHA (n = 36) Mean difference Effect size

5 domains (score 1–3):

Mobility 1.29 (0.46) 1.31 (0.47) 0.02 –0.04

Self-care 1.03 (0.17) 1.03 (0.17) 0.00 0.0

Usual activities 1.47 (0.66) 1.44 (0.50) –0.03 (p > 0.05) 0.05

Pain/discomfort 1.49 (0.51) 1.47 (0.51) –0.02 (p > 0.05) 0.04

Anxiety/depression 1.26 (0.44) 1.42 (0.60) 0.16 (p < 0.01) –0.30

Utility (score 0–1) 0.78 (0.17) 0.77 (0.17) –0.01 0.06

Visual analogue scale (score 0–100) 76.1 (14.1) 73.4 (17.1) –2.7 0.17

Anxiety/depression increased (p < 0.01), but the clinical effect was small (–0.3)

HHDI mean (SD) ACHA (n = 36) BAHA (n = 36) Mean difference Effect size

Disability 25.8 (6.5) 20.9 (6.2) –5.0 (p < 0.01) 0.79

Handicap 25.0 (5.9) 19.6 (6.7) –5.4 (p < 0.01) 0.86

Statistically significant improvements in disability and handicap, large clinical impact

ACHA (n = 36) BAHA (n = 36)

Number of otolaryngology visits over 
preceding 6 months for draining ears, 
mean (SD)

32 patients, 12.7 
(10.5) visits, range 
0–30

33 patients, 3.3 (4.8), 
range 0–25

Patient preference in regard to:

Otorrhoea 1 (3%) 17 (47%)

Skin irritation 6 (17%) 14 (39%)

Proportion using aid > 8 hours per day 78% 100%

Results: previous aid BCHA

SF-36 mean (SD) BCHA (n = 20) BAHA (n = 20) Mean difference Effect size

Physical functioning 69.2 (25.4) 70.8 (24.6) 1.4 (p = NS) –0.06

Role limitations (physical) 61.3 (40.1) 57.5 (45.2) –3.8 (p = NS) 0.09

Role limitations (emotional) 76.7 (39.1) 63.3 (41.8) –13.4 (p = 0.19) 0.33

Vitality 60.8 (16.6) 61.0 (21.9) 0.2 (p = NS) –0.01

Mental health 68.4 (17.6) 74.2 (14.2) 5.8 (p = NS) –0.36

Social functioning 80.6 (17.9) 82.2 (18.3) 1.6 (p = NS) –0.09

Pain 73.8 (20.0) 67.9 (27.9) –5.9 (p = 0.30) 0.24

General health 61.0 (19.8) 59.5 (20.3) –1.5 (p = NS) 0.07

No statistically significant changes in any domain. With BAHA, role limitations (emotional) deteriorated (meaning increased emotional problems) and 
pain scores were lower (meaning more pain experienced), but not statistically significant. Mental health improved, but not statistically significant. The 
clinical effect was small (–0.36)

EQ-5D mean (SD) BCHA (n = 20) BAHA (n = 20) Mean difference Effect size

5 domains (score 1–3):

Mobility 1.35 (0.49) 1.50 (0.51) 0.15 (p = 0.26) –0.3

Self-care 1.2 (0.41) 1.10 (0.31) –0.10 (p = ns) 0.28

Usual activities 1.60 (0.68) 1.55 (0.60) –0.05 (p = ns) 0.08

Pain/discomfort 1.7 (0.57) 1.85 (0.49) 0.15 (p = 0.26) –0.28

Anxiety/depression 1.26 (0.45) 1.20 (0.41) –0.06 (p = ns) 0.13

Utility (score 0–1) 0.71 (0.23) 0.70 (0.19) –0.01 0.05

Visual analogue scale (score 0–100) 74.0 (16.0) 72.4 (17.4) –1.6 0.10
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Scores on mobility and pain/discomfort increased, meaning patients were slightly less mobile and experienced more pain/discomfort. Effect size 
small

HHDI mean (SD) BCHA (n = 20) BAHA (n = 20) Mean difference Effect size

Disability 31.0 (6.0) 20.8 (8.2) –10.2 (p < 0.01) 1.42

Handicap 27.4 (6.2) 21.8 (8.0) –5.6 (p < 0.01) 0.79

Statistically significant improvements in disability and handicap, large clinical impact

BCHA (n = 20) BAHA (n = 20)

Number of otolaryngology visits over 
preceding 6 months for draining ears, 
mean (SD)

19 patients, 5.4 (4.9) 
visits, range 0–20

20 patients, 1.5 (2.1), 
range 0–6

Patient preference in regard to:

Otorrhoea (%) 0 (0) 5 (25)

Skin irritation (%) 2 (10) 10 (50)

Per cent using aid > 8 hours per day 90 100

Methodological comments

 ■ Allocation to treatment groups: two subgroups according to previous hearing aid (ACHA or BCHA). All patients then fitted with BAHA. 
Assessments made pre- and post-surgery

 ■ Blinding: NR
 ■ Comparability of treatment groups: hearing loss was more profound and participants were older in the BCHA subgroup
 ■ Method of data analysis: difference scores were used to compare pre-surgery and post-fitting results and were analysed with the t-test, 

p < 0.05 chosen as level of significance. Effect size calculated, which shows the absolute clinical effect of the difference between the previous 
aid and the BAHA on a certain question, irrespective of the number of patients. Effect size 0.2–0.5 = small effect; 0.5–0.8 = moderate effect; 
> 0.8 = large effect

 ■ Sample size/power calculation: NR
 ■ Attrition/dropout: NR, although states that ‘in the case of missing data, aggregated domains were not computed (at most, this reduced the 

overall number of patients from 56 to 51)’

General comments

 ■ Generalisability: adults with acquired conductive or mixed hearing loss. Five participants given the more powerful BAHA Cordelle owing to their 
sensorineural component

 ■ Outcome measures: postal-based questionnaire completed before BAHA surgery and after 6 months BAHA experience. SF-36, EQ-5D and HHDI 
are valid and appropriate measures. Data on frequency of episodes of otorrhoea and prevalence of skin irritations do not appear to be reported 
in paper. Data on preference with regard to otorrhoea and skin irritations presented, but validity unclear

 ■ Inter-centre variability: not applicable
 ■ Conflict of interests: states that the authors have no relevant financial interest in the article

NR, not reported; NS, not significant.
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Quality assessment for primary studies (modified for BAHAs)

A. Selection bias

1. Are the individuals selected to participate in the study likely 
to be representative of the target population?

Very likely Somewhat likely

x

Not likely Can’t tell

2. What percentage of selected individuals agreed to 
participate?

80–100%

x

60–79% < 60% N/A Can’t tell

Summary of selection bias (methodological strength of study) Strong Moderate

x

Weak

B. Study design

1. What was the study design? (Please tick appropriate and 
specify design in No. 7)

RCT

Controlled clinical trial

Cohort analytic (two group pre and post)

Case–control

Cohort [one group pre and post (before and after)] x reviewers opinion

Interrupted time series

Other – specify

Can’t tell

2. Was the study described as randomised? Yes No

x

If answer to No. 2 is no, go to section on Section C Confounders. If answer yes, answer No. 3 and No. 4 below.

3. If answer was yes, was the method of randomisation 
described?

Yes No

4. If answer was yes, was the method appropriate? Yes No

Summary of study design (methodological strength of study) Strong Moderate Weak

x

C. Confounders

 ■ If there are two groups included in the study: ‘are 
confounders reported AND controlled for in the analysis?’

 ■ If there is one group of participants in the study: ‘are 
potential confounding variables reported?’

Yes No

x 

Can’t tell

Summary of confounders (methodological strength of study) Strong Moderate Weak

x

D. Blinding

1. Was the outcome assessor aware of the intervention or 
exposure status of participants?

Yes

x

No Can’t tell

2. Were the study participants aware of the research question? Yes

x

No Can’t tell

Summary of blinding (methodological strength of study) Strong Moderate Weak

x
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E. Data collection methods

1. Were data collection tools shown to be valid? Yes

x

No Can’t tell

2. Were data collection tools shown to be reliable? Yes

x

No Can’t tell

Summary of data collection (methodological strength of study) Strong

x

Moderate Weak

F. Withdrawals and dropout

1. Were withdrawals and dropouts reported in terms of 
numbers and reasons per group?

Yes No Can’t tell x 

2. Indicate the percentage of participants completing the study 
(if the percentage differs by groups, record the lowest)

80–100% 60–79% < 60% Can’t tell

x

Summary of withdrawals and dropouts (methodological strength 
of study)

Strong Moderate Weak

x

G. Intervention integrity

1. Was the consistency of the intervention measured? Yes

x

No Can’t tell

H. Analysis

1. Are the statistical methods appropriate for the study design? Yes

x

No Can’t tell

2. Does the study report how missing data are dealt with in the 
analysis?

Yes

x

No Can’t tell

Global rating for studya

(Overall methodological strength of study – based on 
sections A–F)

Strong Moderate Weak

x

a Strong = four strong ratings with no weak ratings; moderate = less than four strong ratings and one weak rating; weak = two or more weak 
ratings.
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Reference 
and design Intervention Participants Outcome measures

Snik et al.

Three linked 
studies: 
1998,81 199480 
and 199279

Netherlands

Design: cohort 
(one group pre 
and post)

Study setting: 
hospital 
otorhinolaryn-
gology 
department

Number 
of centres: 
one;80,81 two79

Data on 
TBS from a 
second centre 
presented but 
not extracted79

Funding: 
grants from 
the Fund of the 
Investigative 
Medicine of the 
Ziekenfonds-
raad;81 NR79,80

1. BCHA

2. ACHA

3. BAHA HC 
200,81

4. HC 200 and 
HC 220,80

5. HC 22079

One patient did 
not want to use 
a body-level 
hearing aid so a 
behind-the-ear 
combined with 
the HC 200 was 
used instead79

1998:81

Indication for treatment: 
conductive or mixed type 
binaural hearing loss, with SNHL 
of ≤ 30 dB HL

Number of participants: n = 41 
(BCHA, n = 33; ACHA: n = 8)

Sample attrition/dropout: n = 2 
(15%)

Sample dropout/attrition: two 
unrelated deaths – long-term 
follow-up n = 39

Inclusion/exclusion criteria for 
study entry:

 ■ binaural hearing loss of 
conductive or mixed type

 ■ SNHL component of at most 
25–30 dB HL

 ■ no surgical options for hearing 
improvement

 ■ rejection of a conventional 
BCHA due to pain or skin 
irritation caused by the 
pressure of the BC vibrator

Note: these participants appear 
to be the same as those in the 
HC 200 group of the 1994 
study80

1994:80

Indication for treatment: chronic 
otitis media, chronic otitis 
externa, aural atresia

Number of participants: n = 58 
(HC200, n = 42; HC220, n = 16)

Sample attrition/dropout: five 
did not complete speech-in-
noise test

Inclusion/exclusion criteria for 
study entry: all patients at the 
Nijmegen clinic who were fitted 
with a BAHA between 1988 and 
1992. No other details reported

Note: six of the participants 
from the HC 220 group are 
reported in the 1992 study79

The participants in the HC 200 
group appear to be the same as 
those in the 1998 study81

1998:81

Primary outcome: SRT in quiet and noise

Secondary outcome: subjective opinion questionnaire on device use and 
speech recognition in quiet and noise

Method of assessing outcomes: Speech Recognition in Noise Test91 
consisted of 13 sentences and a steady-state, speech-shaped noise 
presented at a fixed level. SRT of the sentences established with an 
adaptive procedure. The critical speech-to-noise ratio (difference 
between SRT and noise level in decibels) was determined

Speech-to-noise ratio is independent of the volume setting of the 
hearing aid, as long as the speech level is above the patient’s threshold. 
The difference in speech-to-noise ratio between the old and new device 
was expressed as a change in the percentage of correctly repeated 
sentences (i.e. change of 1 dB in the speech-to-noise ratio equals 17% 
change in sentence recognition)

SRT also determined in quiet

SRT results calculated by deducting the new device from the old device 
and averaging it for each subgroup

The questionnaire was marked on a 1–10 scale (impossible to 
excellent), administered pre- and post-surgery (details previously 
described in Mylanus et al.145). Questions on recognition of speech in 
relatively quiet surrounding (five subquestions) and noisy situations 
(nine subquestions) were considered. An average score on both sets of 
subquestions was calculated for each patient. During follow-up, patients 
were regularly asked about actual use of the BAHA, and any relevant 
medical and technical problems were documented

Length of follow-up: ACHA and BCHA data obtained before surgery. 
BAHA evaluated after at least 6 weeks. Questionnaire pre surgery and 
3–5 months post BAHA fitting. Long-term evaluation exceeded 4.5 
years

1994:80

Primary and secondary outcomes: percentage of patients whose SQ 
score (speech recognition in quiet) and speech-to-noise ratio (speech-
to-noise ratio) improved or deteriorated significantly

Questionnaire on speech recognition in quiet and noisy situations

Method of assessing outcomes: SQ: free-field phoneme recognition 
score obtained using standard phonetically balanced lists of 
monosyllables, presented at 60 dB. If phoneme score < 100%, phoneme 
scores also obtained at 70 dB and 80 dB. SQ value is the maximum 
phoneme score obtained

Speech recognition in noise: used test by Plomp and Mimpen89 (see 
above). Noise presented at 65 dB(A). SRT and speech-to-noise ratio 
determined as above

Questionnaire answers rated on a scale 1–10. Five subquestions for 
speech in quiet, nine subquestions for speech-in-noise

Length of follow-up: tests on previous aids performed 1–8 weeks prior 
to fitting BAHA

Tests on BAHA after at least a 4-week period of daily use

Questionnaire completed before surgery and 5 months after BAHA fitted
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1992:79

Indication for treatment: severe 
mixed hearing loss

Number of participants: 12

Previous aid: BCHA, 7; ACHA, 5

Sample attrition/dropout: 
speech recognition thresholds 
could not be obtained for some 
patients

Inclusion/exclusion criteria for 
study entry: all had recurrent 
otorrhoea preventing use of 
occluding ear moulds

Note: six of these participants 
are also reported in the 1994 
study80

1992:79

Primary and secondary outcomes: maximum phoneme score; speech 
recognition threshold; average difference between free-field warble 
thresholds; patient’s opinions (questionnaire, not validated)

Method of assessing outcomes: warble-tones use to obtain free-field 
thresholds, generated by the standard audiometer, with a frequency 
modulation of 5%. Sound was presented from the front via loudspeaker

Free-field speech audiogram used standard Dutch PB word lists 
consisting of 10 monosyllables. The level of the (fluctuating) signal was 
read at the slow speed, using the ‘A’ filter. The readings for 40 words 
were averaged and the free-field speech levels are presented in dB(A)

Phoneme scores as a function of the presentation levels were recorded 
separately for the BAHA and ACHA, and the maximum phoneme score 
and speech recognition threshold were determined, the later being the 
presentation level in dB(A) at which 50% of the presented phonemes 
were repeated properly by the patient

Average difference between the free-field warble thresholds obtained by 
subtracting the thresholds obtained with the BAHA from those obtained 
with the previous aid

Questionnaire: patient’s opinions rated on scale 1 to 10. Three 
scores were calculated from this: speech recognition in quiet, speech 
recognition in noise, and comfort. The scores are the average of the 
rated scores of the questions involved per topic. Positive scores indicate 
better score with BAHA

Length of follow-up: tests performed after at least 4 weeks of daily use

Questionnaire after at least 4 months of daily use with BAHA

199881 characteristics of participants

BAHA (n = 41) p-value

Age, mean, years (range) 43 (10–70)

PTA AC, dB HL (range) 55 (30–90)

PTA BC, dB HL (range) 16 (0–28)

Comments: PTA indicates average hearing loss at 0.5, 1.0 and 2.0 kHz

199881 results

Previous aid BCHA (n = 33) Previous aid ACHA (n = 8) p-value

Change in SRT in quiet (previous aid 
minus BAHA), mean dB (SD)

2.7 (4.4)a –6.4 (3.7)b

Improvement in speech-to-noise 
ratio, mean dB (SD)

2.5 (2.2)a 1.6 (1.0)a

Questionnaire Previous aid BCHA (n = 33) Previous aid ACHA (n = 8) p-value

Speech recognition in quiet 
surroundings, median change in 
questionnaire score (range) 

1.4 (–0.6–5.6) 0.2 (–1.4–3.3)

Speech recognition in noisy 
surroundings, median change in 
questionnaire score (range)

1.6 (–0.8–7.0) 0 (–1.5–4.0)

Note: change in score from previous aid NS for both subgroups

Previous aid BCHA (n = 33) Previous aid ACHA (n = 8)

Proportion of patients who 
preferred each device with 
regard to:

New device No 
preference

Old device New device No preference Old device

Speech recognition in noisy 
surroundings,% of patientsc

~ 76 ~ 12 ~ 12 ~ 37 ~ 26 ~ 37

Speech recognition in quiet 
surroundings,% of patientsc

~ 70 ~ 20 ~ 12 ~ 50 ~ 24 ~ 24

Comments: after the trial, all patients chose to use the BAHA, not their previous aid
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Adverse events BAHA (n = 39)d p-value

Lost implant due to inflammation after 2 years of use 1 (implant not replaced)

Requested implant removal due to pain after 3 years 1

Implants loss owing to inflammation 1 (implant replaced)

Lost implant due to trauma 2 (implant replaced)

Reduction of thickness of the subcutaneous layer around implant to 
minimise risk for inflammation

2

Total re-operations 6

Rejections of BAHA due to insufficient amplification 0

Severe deterioration in sensorineural hearing (25–65 dB HL) after 
surgery for cholesteatoma in the cerebellopontine angle and refitted with 
a more powerful BAHA (NBC-HC-220). However, result was poor owing 
to severe deterioration of cochlear function

1

Non-users after at least 4.5 years (all others using BAHA on daily basis) 2/39 (5%)

199478 characteristics of participants

Age, years Range 10–77 

Average hearing loss at 0.5, 1.0 and 
2.0 kHz in best ear

Range 30–100 dB HL

Average bone-conduction thresholds 
at 0.5, 1.0 and 2.0 kHz (PTAb,c)

HC200, 0–44 dB HL; HC220, 33–63 dB HL

History of 
patients

Chronic otitis media, 86%; chronic otitis externa, 5%; aural atresia, 
9%

Previous 
hearing aid

BC 44/58 (76%); AC 14/58 (24%)

199478 results

Outcomes Previously used BC 

Percentage of patients with 
a statistically significant 
improvement or deterioration in:

HC 200 (n = 33) HC220 (n = 11) p-value

SQ score Improved, 12; deteriorated, 0 Improved, 54; deteriorated, 0

Speech-in-noise score Improved, 60; deteriorated, 0 Improved, 44; deteriorated, 0

Speech recognition in quiet 
(questionnaire)

Improved, 63; deteriorated, 9 Improved, 91; deteriorated, 0

Speech recognition in noise 
(questionnaire)

Improved 75; deteriorated, 12 Improved, 91; deteriorated, 0

Comments: in the total group of patients who previously used BC, the average subjective improvement with the BAHA on the speech recognition-in-
quiet and in-noise was > 1.3 points

Previously used AC p-value

Percentage of patients with 
a statistically significant 
improvement or deterioration in:

HC 200 
(n = 9)

HC220 (n = 5)

SQ score Improved, 0; deteriorated, 11 Improved, 40; deteriorated, 20

Speech-in-noise score Improved, 55; deteriorated, 11 Improved, no results; deteriorated, 
no results

Speech recognition in quiet 
(questionnaire)

Improved, 22; deteriorated, 44 Improved, 80; deteriorated, 20

Speech recognition in noise 
(questionnaire)

Improved, 11; deteriorated, 44 Improved, 80; deteriorated, 20
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199279 characteristics of participants

Previous aid BCHA (n = 7) Previous aid ACHA (n = 5)

Age, years mean (SD), rangee 60.6 (18.8), 34–84 62 (13.9), 46–78

PTA for BC, dB HL, mean (SD) rangee 46.2 (12.6), 28 to > 62 49.6 (7.3), 40–57

PTA for AC, dB HL, mean (SD) rangee 91.1 (14.3), 70–108 84.8 (12.3), 72–100

Hearing aid use (years) 23 (range 7–40)

199279 results

Previous aid BCHA (n = 7)

BCHA BAHA p-value

Maximum phoneme score,%, mean 
(SD) rangee

36.1 (28.9), 0–85 48.7 (31.7), 0–100

Speech recognition threshold, dB(A), 
mean (SD) rangee

(n = 2); 40 (7.1), 35–45 (n = 4); 38.8 (11.1), 25–50

Average difference between the 
free-field warble thresholds, dBc

(BCHA minus BAHA)

250 Hz: 2

500 Hz: –3

1000 Hz: –2

2000 Hz: –10

4000 Hz: –14

8000 Hz: NR

Comments: the maximum phoneme score with the BAHA was equal to the BCHA in three patients and better in four patients (range of improvement 
15–28%)

Speech recognition threshold values could be compared only in two patients: in one patient the value was 10 dB better with the BAHA; in one patient 
the values were equal

At higher frequencies, the average difference in warble-tone thresholds was negative, indicating that the hearing in this region was, on average, 
better with the BAHA than BCHA

Change scores from 
questionnaire, mean (SD), range:e

BAHA minus BCHA p-value

Speech recognition in quiet 0.7 (2.0), –1.2–4.4

Speech recognition in noise 0.4 (2.0), –3.0–2.8

Comfort 1.0 (1.0), 0.0–2.7

Previous aid ACHA (n = 5)

ACHA BAHA

Maximum phoneme score,%, mean 
(SD) rangee

81.6 (8.7), 70–90 67.6 (22.2), 43–90

Speech recognition threshold, dB(A), 
mean (SD) rangee

39 (10.8), 20–45 (n = 3); 45 (5), 40–50

Average difference between the 
free-field warble thresholds, dBc

(ACHA minus BAHA)

250 Hz: –6

500 Hz: –5

1000 Hz: 3

2000 Hz: 4

4000 Hz: 15

8000 Hz: 0

Comments: maximum phoneme scores with the BAHA were better in one patient (+ 10%), equal in one patient and worse in three patients 
(–13–40%)

Speech recognition threshold values could be compared in three patients: values obtained with the ACHA and BAHA were equal within 5 dB

At higher frequencies, the average difference in warble-tone thresholds was positive, indicating that the hearing in this region was, on average, 
better with the ACHA than the BAHA
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Change scores from 
questionnaire, mean (SD), range:e

BAHA minus ACHA

Speech recognition in quiet –1.0 (4.6), –5.8–3.5

Speech recognition in noise 0.1 (3.3), –4.2–3.7

Comfort 0.6 (3.2), –3.2–5.4

Methodological comments

 ■ Allocation to treatment groups: 1998:81 patients divided into two groups based on previous hearing aid (BCHA or ACHA). 1994:80 all patients 
at the clinic who had been fitted with a BAHA were included, and allocated to subgroups according to the type of BAHA fitted and the type 
of previous aid used. 1992:79 the paper states that the tests on the BAHA and previous aids were conducted separately and after 4 weeks 
of continuous use. However, the order of the tests is not stated. The reviewers have made an assumption that the study is a cohort pre–post 
design; however, it is possible that this is not the case

 ■ Blinding: NR79–81

 ■ Comparability of treatment groups: 1998:81 no subgroup baseline characteristics. 1994:80 SNHL was more severe in patients fitted with an 
HC220, but otherwise baseline data NR. 1992: not clear79

 ■ Method of data analysis: 1998:81 no details of data analysis provided. Pre- and post-data NR, only change in outcomes reported. Only five 
subquestions on speech recognition in quiet surroundings and nine subquestions on noise situations were used from the questionnaire. 
1994:80 difference in SQ values tested using critical difference according to Thornton and Raffin.146 Difference in speech-to-noise ratios was 
compared with the 95% CI calculated from the known intra-individual SD. 1992:79 statistical analysis not undertaken. Presented correlation of 
questionnaire outcomes with MPS, but not data extracted

 ■ Sample size/power calculation: none reported79–81

 ■ Attrition/dropout: 1998:81 two unrelated deaths are reported. 1994:80 five with more severe inner ear impairment (HC 220 group) found the 
speech recognition in noise test too difficult so it was discontinued. 1992:79 the speech recognition threshold could not be determined in 
five patients with their previous hearing aid and five patients with a BAHA because the maximum score was < 50%. The speech recognition 
threshold values of both hearing aids could be compared in only five patients

General comments

 ■ Generalisability: 1998:81 adults with conductive or mixed type binaural hearing loss, with SNHL of ≤ 30 dB HL. 1994:80 includes patients with 
chronic otitic media, chronic otitis external and aural atresia, but limited baseline data presented. Patients with normal to moderate SNHL and 
more severe SNHL included. 1992:79 patients with severe mixed hearing loss, with sensorineural components of 45–60 dB HL

 ■ Outcome measures: it is unclear if the questionnaires on subjective opinions are validated,79–81 and the clinical meaning of the change scores is 
not clear.79,81 1994:80 Speech recognition in quiet and in noise assessed pre-operatively and post-operatively, but data not presented. Instead, 
the proportion of patients who improved or deteriorated is derived from the data and presented. The validity of this is not clear. 1998 and 1992: 
hearing measures appropriate79,81

 ■ Inter-centre variability: not applicable.80,81 NR79

 ■ Conflict of interests: NR79–81

NR, not reported; NS, not significant; SQ, speech recognition-in-quiet; TBS, temporal bone stimulator.
a p < 0.05 significant improvement.
b p < 0.05 significant deterioration.
c Data estimated from figure by reviewer. Note that the legend on this figure appears to be incorrectly labelled.
d 2/41 deaths due to causes not related to hearing problems.
e Individual patient data presented in paper, means and SDs calculated by reviewer.
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Quality assessment for primary studies (Snik et al. 199881)

A. Selection bias

1. Are the individuals selected to participate in the study 
likely to be representative of the target population?

Very likely Somewhat likely

x

Not likely Can’t tell

2. What percentage of selected individuals agreed to 
participate?

80–100%

x

60–79% < 60% Not 
applicable

Can’t tell

Summary of selection bias (methodological strength of 
study)

Strong Moderate

x

Weak

B. Study design

1. What was the study design? (Please tick appropriate and 
specify design in No. 7)

RCT

Controlled clinical trial

Cohort analytic (two group pre and post)

Case–control

Cohort [one group pre and post (before and after)] x reviewer’s opinion

Interrupted time series

Other – specify

Can’t tell

2. Was the study described as randomised? Yes No x

If answer to No. 2 is no, go to section on Section C Confounders. If answer yes, answer No. 3 and No. 4 below

3. If answer was yes, was the method of randomisation 
described?

Yes No

4. If answer was yes, was the method appropriate? Yes No

Summary of study design (methodological strength of study) Strong Moderate Weak

x

C. Confounders

Two groups: are confounders reported AND controlled for in 
the analysis?

OR if one group: are potential confounding variables 
reported?

Yes No

x

Can’t tell

Summary of confounders (methodological strength of study) Strong Moderate Weak

x

D. Blinding

1. Was the outcome assessor aware of the intervention or 
exposure status of participants?

Yes

x

No Can’t tell

2. Were the study participants aware of the research 
question?

Yes

x

No Can’t tell

Summary of binding (methodological strength of study) Strong Moderate Weak

x

E. Data collection methods

1. Were data collection tools shown to be valid? Yes

x

No Can’t tell

2. Were data collection tools shown to be reliable? Yes

x

No Can’t tell 

Summary of data collection (methodological strength of 
study)

Strong

x

Moderate Weak



156 Appendix 8

F. Withdrawals and dropouts

1. Were withdrawals and dropouts reported in terms of 
numbers and reasons per group?

Yes

x

No Can’t tell

2. Indicate the percentage of participants completing the 
study (if the percentage differs by groups, record the lowest)

80–100%

x

60–79% < 60% Can’t tell

Summary of withdrawals and dropouts (methodological 
strength of study)

Strong

x

Moderate Weak

G. Intervention integrity

1. Was the consistency of the intervention measured? Yes No Can’t tell x

H. Analysis

1. Are the statistical methods appropriate for the study 
design?

Yes No Can’t tell

x

2. Does the study report how missing data are dealt with in 
the analysis?

Yes No

X 

Can’t tell

Global rating for studya

(Overall methodological strength of study – based on 
sections A–F)

Strong Moderate Weak

x

a Strong = four strong ratings with no weak ratings; moderate = less than four strong ratings and one weak rating; weak = two or more weak 
ratings.




