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Background of the project

An open fitting (e.g. with ResoundAIR) shows only a 
small effective gain, measured with real-ear tests.
Despite this, the acceptance and satisfaction are high
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Dyrland O., Ostergaard S, Lantz J
study presented at AAA 2005 (RP112)

Substitution method
- Calibration of sound field
- Measurement of unaided ear
- Measurement of aided ear with calibrated level

Pressure method
- Measurement of unaided ear
- Measurement of aided ear with same level
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Effect of feedback cancellation
Dyrland O., Ostergaard S, Lantz J
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IG and feedback cancellation
Dyrland O., Ostergaard S, Lantz J
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Influence of reference mic placement
Dyrland O., Ostergaard S, Lantz J
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Measurement error related to MSG
Dyrland O., Ostergaard S, Lantz J

MSG: 
max. stable gain
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Goals of the project

In mild to moderate hearing losses (n=20):

1. Evaluation of gain and feedback limitations 
2. Evaluation of benefit in SRT for change towards 

prescription target
3. Verification of alternative real-ear procedures
4. Short-term satisfaction

19 / 37 ears
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Subjects

• Symmetrical sensorineural hearing loss
• HL at 250/500 < 35 dB

Group A: “Tip”-group: 
• HL at 2/4 kHz between 30 and 45 dB HL

Group B: “Tulip-dome”-group: 
• HL at 2/4 kHz between 55 and 70 dB HL

• UCL at 1/2/4 kHz > 90 dB
• New hearing aid users
• Use > 12 hours/day

16 subjects / 31 ears

24 ears < 50 dB HL
3 subjects / 6 ears

13 ears > 50 dB HL
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Procedure - 1

• Fitting based on Audiogram+ prescription rule
– Based on air + bone conduction thresholds
– Adaptation rules used

• Activate DFS
– DFS headroom too small? Tip Tulip and Tulip flex-vent

• IG at 50 dB 
– with substitution method (OpenREM)
– Curve 1: REUR 
– Curve 2: REOR (hearing in situ, but power off) 
– Curve 3: REIR1-Audiogram+ with DFS ON
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Average Real Ear Occluded “Gain” (REOG)
(REOR-REUR)in the subgroups.
REOG (REOR-REUR) 
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Average Insertion Gain (REIG1)
for Audiogram+ in the subgroups

REIR1
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Procedure - 2

• Approach target gain in octave bands: AudiogramC

– Equal correction for G50 and G80
– Curve 4: REIR2-AudiogramC with DFS ON

• Fine tune to user needs: AudiogramCFT

– Curve 5: REIR3-AudiogramCFT with DFS ON
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Average Insertion Gain curves (REIG)
for the fine-tuned settings: 

Audiogram+C (REIR2) and Audiogram+CFT (REIR3)
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Average Insertion Gain curves (REIG)
for the fine-tuned settings: 

Audiogram+C (REIR2) and Audiogram+CFT (REIR3)

PTA2,4kHz>50 dB HL (n=13)
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PTA2,4kHz<50 dB HL (n=24)
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Average Insertion Gain curves (REIG3)
for Audiogram+CFT with DFS activated

REIR3 average
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Procedure - 3

• Approach target gain in octave bands: AudiogramC

– Equal correction for G50 and G80
– Curve 4: REIR2-AudiogramC with DFS ON

• Fine tune to user needs: AudiogramCFT

– Curve 5: REIR3-AudiogramCFT with DFS ON

• Switch DFS off. If no feedback occurs:
– Curve 6: REIR4-AudiogramCFT with DFS OFF
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Estimation of the gain reduction of DFS
DFS off (REIR4) - DFS active (REIR3)

in a subset of ears without feedback problems

REIR4-REIR3 
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Procedure - 4

• Approach target gain in octave bands: AudiogramC

– Equal correction for G50 and G80
– Curve 4: REIR2-AudiogramC with DFS ON

• Fine tune to user needs: AudiogramCFT

– Curve 5: REIR3-AudiogramCFT with DFS ON
• Switch DFS off. If no feedback occurs:

– Curve 6: REIR4-AudiogramCFT with DFS OFF
• CVC intelligibility at 5 levels in quiet for AudiogramC vs AudiogramCFT. 

• SRT in noise for AudiogramC vs AudiogramCFT

– Speech and noise from the front / speech levels at 60 dB
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Average aided CVC-scores (total group)
Audiogram+ versus Audiogram+CFT.
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Average aided SRT’s (total group)
Audiogram+ versus Audiogram+CFT.

• Average SRT in noise
• Audiogram+:         SNR = -2.42 dB
• Audiogram+CFT:  SNR = -2.64 dB

• These effects are not statistically significant
(paired t-test).
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Procedure – 5
Field trial for two weeks with AudiogramCFT

• APHAB
– EC: Ease of communication
– RV: Reverberation
– BN: Background noise
– AV: Aversiveness

• Specific questionnaire
– Relation with expectations
– Sound quality
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Average APHAB results 
unaided and (bilaterally) aided 

in the total group
Total group (n=18)
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Average APHAB results 
unaided and (bilaterally) aided 

for different earpieces
Subgroups Tip (n=15) and TD (n=3)
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Average APHAB results 
unaided and (bilaterally) aided 
for different degrees of hf-loss

 Subgroups < 50 (n=10) and >50 (n=4)
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Average ratings of the additional questions.
Ratings on a 5-point scale

0 1 2 3 4 5 6

use

benefit

sound quality

conversation w ith 1 person in quiet

the same w ithout visual information

conversation w ith some people in quiet

conversation w ith 1 person in noise

telephone

radio/television

unpleasantly loud sounds

hearing aid placement

meeting of expectations

5: Very good
4. Good
3. Reasonable
2. Poor
1. Very poor
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Conclusies - 1
• Real-ear measurements via de substitutiemethode

– De geteste hoortoestellen leveren een redelijke versterking
– De versterking is hoog genoeg om de Audiogram+ target te halen
– Het is niet duidelijk of de NAL-NL1 ook altijd gehaald kan worden.

• Feedback beperkingen
– ‘Eartip’ aanpassingen konden vaker worden toegepast dan verwacht
– Bij DFS uitgeschakeld trad bij de meeste oren feedback op (24 van de 37). 
– Desondanks hadden slechts enkele proefpersonen in de dagelijkse praktijk 

klachten over rondzingen. 
– In the other 13 ears was er geen invloed van DFS op de versterking.

• Effecten op het spraakverstaan
– Ondanks een duidelijke toename van de versterking in het gebied van 750 

tot 2500 Hz bij de “fine tuning” waren de effecten op het spraakverstaan 
klein en niet significant.

– Wellicht is een gevoeliger spraaktest gewenst, bijvoorbeeld de VCV-test.
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Conclusies - 2

• Het belang van real-ear procedures
– Deze studie levert helaas geen directe vergelijking tussen de drukmethode 

en de substititutie methode
– De in deze studie gemeten IG resultaten zijn echter overtuigender dan wat 

eerder met de drukmethode in de klinische praktijk werd gevonden.
– De First-Fit methode van de fabrikantniet blijkt niet krachtig genoeg om 

de gewenste versteking direct te voorspellen t.g.v de grote inter-
individuele verschillen. 

– IG-metingen blijken dan ook noodzakelijk bij het realiseren en controleren 
van de target versterking

• Subjectieve tevredenheid
– Na fine-tuning (via IG) werd de klank door vrijwel alle proefpersonen 

geaccepteerd als prettig.
– De subjectieve resultaten waren positief ten aanzien van de ervaren 

meerwaarde en de resultaten kwamen overeen met de verwachtingen 
vooraf.
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