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Treatment Options for Adults with FHD

Baran (2002)

No Treatment
Negative consequences including

• reduced quality of life, 

• menthal health issues (e.g., depression, emotional distress)

Improve the quality of the speech 
signal

Environmental management

Technology (FM/DM remote microphones)

Low-gain hearing aids

Auditory training Lace AI Pro – Neurotone AI

Language and cognitive training Work with an SLP
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Rationale for Low-Gain Hearing 
Aids
“…every person with a nonremedial hearing loss complaining of a communication problem 
should be considered for hearing aid selection, regardless of the extent of the hearing loss.” 

(Winchester, 1967, pg.45)
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Rational for Low-Gain Hearing Aids

1. Provision of minimal gain (5-10 dB) 
• For soft to conversational imputs in the mid- to high-

frequencies 
o (Kuk et al., 2008; Roup et al., 2018)

• To enhance soft consonants (e.g., /f/, /th/, /s/) – 
often masked by background noise

2. Improvement in SNR through signal processing
• Adaptive directionality

• Multiband noise reduction
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Rationale for Low-Gain Hearing Aids

3. Reduced listening effort and fatigue
• Less mental strain

• Easier conversations

• Reduced end-of-day exhaustion

4. Provide support for suprathreshold deficits
• Improved speech perception-in-noise
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Research Evidence: For LGHAs in Adults with FHD 
and Tthresholds WNL

Prospective Trials
1. [Kuk et al. (2008) – in 

children with APD]

2. Roup et al. (2018)

3. Singh & Doherty (2020)

4. Mealings et al. (2023)

Retrospective Studies
1. Papesh et al. (2023)

2. Davidson et al. (2024)

3. Baxter & Roup (2026) 
upcoming presentation at 
AAA in San Antonio

Case Studies 
1. Smart et al. (2007)

2. Roup et al. (2020)

3. Chung et al. (2025)

4. Davidson et al. (2026)



Evidence for 
Low-Gain HAs

Pilot Project

• AuD Student Capstone 
Project

Non-Randomized

Clinical Trial

• Purpose: to investigate 
the benefit of LGHAs 
for adults with FHD

• 4-week trial

Hypothesis

• Adults with FHD fit 
with LGHAs would 
exhibit:

1. Reduced functional 
hearing difficulties

2. Improved speech-in-
noise performance 
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Evidence for Low-Gain HAs: Roup et al. Trial

(1) Keith (2009); (2) Wilson et al. (2003); (3) Musiek et al. (2005); (4) Strouse & Wilson (1999); (5) Bilger (1984)

Participant Groups

• Control (n=20)
• 19-27 years

• FHD (n=19)
• 18-58 years

Inclusion Criteria

• Thresholds ≤25 dB HL 
250-8000 Hz

• Control: HHIA ≤18 

• FHD: HHIA ≥20

Auditory Processing 
Test Battery

• SCAN-3:A1

• 500-Hz MLD2

• Gaps-in-Noise3

• Dichotic Digits4

• R-SPIN5
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Evidence for Low-Gain HAs: Roup et al. Trial

HA Fitting
Hearing Aid Features:

• WDRC RICs

• Open domes

• Adaptive directionality

• Multiband noise reduction

Gain Verification

• 5-10 dB insertion gain

• 1000-4000 Hz for 
soft/conversational levels

Average Insertion Gain



Evidence for LGHAs: Roup et al. Trial Outcomes

Trial Outcomes
Benefit to Self-
Perceived FHD Hearing Aid Use

• 17/19 completed the trial

• 2 withdrew

• HA’s helped ‘a lot’ or ‘a 
little’:

• 67% in quiet

• 71% in noise 

• 1 participant reported no 
help or made listening worse

• Increased HHIA score



Evidence for Low-Gain HAs: Roup et al. Trial Outcomes
FHD: Average SIN Benefit from Amplification



Evidence for LGHAs: Roup et al. Trial Outcomes

Post-Trial Decisions

Post-Trial Hearing Aid Purchase:

• 18% (3/17) participants purchased their HA’s ☺

• Reasons for non-purchase:
• Cost

• Not enough perceived benefit

• Highest unaided 
HHIA scores

• 2 abnormal 
auditory processing 
test results



Evidence for 
Low-Gain HAs

Non-Randomized

Clinical Trial

• Purpose: Assess the 
effect of LGHAs on 
hearing handicap, 
motivation, and 
attitudes toward 
hearing aids

Participants

• 2 groups of middle-
aged adults (45-60 
years)

• 10 with FHD

• 10 without FHD

Inclusion Criteria

Thresholds ≤25 dB HL 
250-4000 Hz
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Evidence for Low-Gain HAs: Singh & Doherty Trial

Measures

• Hearing Handicap 
Questionnaire

• URICA
• (University of Rhode Island 

Change Assessment)

• Assesses motivation

• HARQ
• (Hearing Attitudes in 

Rehabilitation Questionnaire)

• 2-week HA Trial

Hearing Aids

• RICs

• Open domes

• Adaptive 
directionality

• Noise reduction

Hearing Aid 
Verification

• Programed using 
DSL v5-Adult and 
participant 
thresholds

• Adjusted to provide 
5-dB of gain at 2000-
4000 Hz at 65 dB SPL
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Evidence for Low-Gain HAs: Singh & Doherty Trial

Average Hearing Aid Gain

Pre vs. Post Trial Hearing Handicap
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Evidence for Low-Gain HAs: Singh & Doherty Trial

1. Low-gain amplification reduced hearing handicap for FHD participants = BENEFIT! ☺

2. FHD participants reported: (compared to control)
• Greater personal distress due to hearing problems

• Greater motivation to address hearing problems

• However, only 20% (2/10) considered purchasing a hearing aid post-trial 

Post-Trial Outcomes



Evidence for 
Low-Gain HAs

Double-Blind Case-
Control Clinical Trial

• Purpose: Assess LGHA 
“benefits for adults 
with normal audiogram 
but hearing-in-noise 
problems”

Participants

• 27 adults randomly 
assigned to:

• Experimental group
• (n=13, 31-68 years)

• Gain + directionality

• Control group
• (n=9, 19-63 years)

• No gain or directionality 
(i.e., transparent)

Inclusion Criteria

• 18-70 years

• Proficient in English

• Report of speech-in-
noise problems

• Pure-tones WNL

• PTA4 ≤25 dB HL
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Evidence for Low-Gain HAs: Mealings et al. NAL Trial

Study Design

*EMA = Ecological Momentary Assessment
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Evidence for Low-Gain HAs: Mealings et al. NAL Trial

Hearing Aid Fitting

• RICs

• Open domes

• Experimental Group:

• RIEG of 6 dB

• Directionality

• Noise reduction

• Control Group: no gain or features

Average REIG
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Evidence for Low-Gain HAs: Mealings et al. NAL Trial

1. Low-gain amplification reduced self-report of speech-in-noise problems for the 
experimental group (91%) = BENEFIT! ☺

2. No group differences on speech-in-noise measure = NO BENEFIT 

3. Post-Trial Question: “Would you purchase a pair of hearing aids considering the 
cost is AUD 5000?”

• 0 participants would purchase HA’s for $5,000 

Post-Trial Outcomes
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Summary: Low-
Gain Hearing Aids 
Trials for FHD
Prospective trials

Other trials are currently being 
conducted

3 published prospective trials to date

Varied in length (2-, 4, - and 6-weeks)

Hearing Aid Fitting Strategy

• Varied in gain: 5-10 vs. 5 vs. 6 dB

• Other features were consistent

Post-Trial Outcomes

• LGHAs reduced self-perceived hearing difficulty

• Only Roup et al. reported:

• Better aided SIN performance

• 18% purchase of hearing aids post-trial

• Cost remains a barrier to uptake



FHD: Low-Gain Hearing Aid Use in Bilingual Adults

Bilingual adults had 
poorer SIN 

performance 
compared to 
monolinguals

Use of low-gain 
hearing aids resulted in 

significant 
improvement in SIN for 

the bilinguals
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Ok . . . So there is some 
emerging data from 
clinical trials to support 
the use of low-gain 
hearing aids. 

But are clinicians really fitting 
them? Are patients really 
wearing them?



FHD: Prevalence of Hearing 
Aid Use

Analysis of NHANES survey data

• Individuals ≥12 years old

• Subclinical hearing loss = PTA4 ≤ 25 dB HL

• Reported:
• Subjective hearing difficulty

• Hearing aid use

Prevalence of HA use 
among Americans with 

SCHL = 0.35%



FHD: Low-Gain Hearing Aid Use in the Military & Veteran 
Populations

Retrospective Chart Review of Veterans

• Random sample of 100 receiving an 
auditory processing evaluation

• 35 were fit with low-gain hearing 
aids → 69% continued hearing aid 
use for at least 2-years

Retrospective Chart Review of Service 
Members

• 186 self-identified hearing aid users 

• Group of normal hearing + FHD 
reported HA usage and benefit 
comparable to those with SNHL
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Fitting LGHAs: 
What are Audiologists 
Doing?

Survey Results:

• 209 responses

• Audiologists reported:
• Seeing at least 1 FHD patient per month

• Rehabilitation practices
o #1 = Counseling

o #2 = Low-gain hearing aids

Koerner et al. (2020)
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Fitting LGHAs: 
What are 
Audiologists Doing?
Hearing Aid Features

Top ProcessingFeatures?

• Tinnitus management

• Noise reduction

• Directional mics

• Bluetooth 

Koerner et al. (2020)
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Fitting LGHAs: 
What are Audiologists Doing?

Koerner et al. (2020)
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Fitting LGHAs: 
What are 
Audiologists 
Doing?
Audiologist’s patient responses 
to LGHAs

Koerner et al. (2020)
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Survey of Amplification Practices 
for Adults with Normal Pure-Tone 
Thresholds

Survey designed to address questions 
related to audiologists:

• Clinical practices, 

• Decision-making processes, 

• Experiences. 
Gregory Ellis, PhD

Walter Reed National Military 
Medical Center

Duke University, Department 
of Head and Neck Surgery & 
Communication Sciences

Sherri Smith, AuD/PhD

Alyssa Davidson, AuD/PhD
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Survey Results

Primary Patient Complaints:

• Hearing and tinnitus difficulty

Hearing in noise, trouble 
understanding

Increased fatigue/effort

Following/hearing 
conversations in noise

• History of blast/noisy work 
environment
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Survey Results

Device Recommendations
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Survey Results
Fitting Procedures 



Survey Results: Fitting Procedures
“How much gain do you typically fit for those with “normal pure-tones”?”

Majority fit: 

• No gain at 250-500 Hz

• 5 dB at 1000-2000Hz

• 5-10 dB at 3000-4000Hz

• Between 5 and 5-10dB for 
6000 and 8000 Hz

39



Survey Results: Audiologist Perspectives on 
Patient Benefit

Common topics in free 
response:

• Patients listening relief

• Helps with tinnitus

• Hearing/listening benefit

• Helps work

• Motivated individuals gain 
benefit

40



Survey Results: Audiologist Perspectives on Lack 
of Patient Benefit

Common Reasons:
• Don’t notice benefit

• Too loud

• Still background noise

• Dome fit/size

• Sounds of voices

41

Return rate (average 13.5%)
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LGHA Fitting Protocol

1. Quantification of Patient Hearing Complaints

2. Hearing Aid Recommendation/Selection

3. Hearing Aid Fitting & Verification

4. Hearing Aid Validation
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LGHA Fitting Protocol
Quantification of Patient’s Hearing Difficulties

Standardized Questionnaires / PROMS
• Hearing Handicap Inventory

• Abbreviated Profile of Hearing Aid Benefit

• Client Oriented Scale of Improvement

• Adult Auditory Performance Scale

Consider adding:
• Vanderbilt Fatigue Scale

HHI Screening Version

FREE 
DOWNLOADS
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LGHA Fitting Protocol
Hearing Aid Selection

Receiver-in-the-Canal (RIC) 
• Open vs. closed domes?

Maximize SNR improvement
• Directionality

• Noise reduction
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LGHA Fitting Protocol
Verification of Hearing Aid Gain

Verification of gain using real-ear 
measures:

• 5-10 dB of gain for soft and 
conversational speech (1000-4000 Hz)

• Minimal gain for high input sounds

• MPO not to exceed patient’s LDL
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LGHA Fitting Protocol
Validation of Hearing Aid Benefit

Standardized Questionnaires / PROMS
• Comparison of unaided to aided 

responses

• Hearing Handicap Inventory

• Abbreviated Profile of Hearing Aid Benefit

• Client Oriented Scale of Improvement

• Adult Auditory Performance Scale

Roup et al. (2018)
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Case 1: ‘SM’ FHD due to TBI
Let me tell you a little more about her treatment outcomes 
. . .

Audiogram
Word Recognition in 
Quiet at 50 dB HL

Right Ear Left Ear

92% 100%

Subjective Hearing 
Complaints
Difficulty hearing in a restaurant

Difficulty hearing in groups

Inability to attend church & 
family events

Considerable emotional distress

HHIA Score = 96/100

Roup, Ross, & Whitelaw (2020).



Case 1: Suprathreshold Auditory Processing 
Assessment

Speech-in-Noise

• QuickSIN = 6.5 dB 
SNR Loss

• R-SPIN @ 0 dB 
SNR 
• HP = 100%

• LP = 64%

Temporal 
Processing

• 500-Hz MLD = 12 
dB

• GIN

• RE = 60%, 6 
msec

• LE = 50%, 8 
msec

Binaural 
Competing Speech

• 1-2 pair dichotic 
digits ~100%

• 3-pair dichotic 
digits (FR / DR)
• RE = 83% / 100%

• LE = 46% / 85%

SCAN-3:A

• Normal for:

• Filtered words

• Speech-in-
noise

• Competing S

• Time-
compressed S

• Abnormal for:

• Competing 
words

Roup, Ross, & Whitelaw (2020).



Case 1: ‘SM’ FHD due to TBI
Diagnosis and Treatment Recommendations

Diagnosis

Acquired auditory 
processing disorder 
secondary to mTBI

Audiologic 
Rehabilitation 

Recommendations

Discontinue use of 
earplugs to address 

sound sensitivity 
issues

Auditory training 
(e.g., LACE)

Mild, or low-gain 
hearing aids

Roup, Ross, & Whitelaw (2020).



Case 1: Low-Gain Hearing Aid Fitting

Bilateral receiver-
in-the-canal 
hearing aids

Open domes
Adaptive 

directional 
microphones

Multiband noise 
reduction enabled

Insertion gain 
verified with REM

•5-10 dB of gain from 
1000-4000 Hz

Roup, Ross, & Whitelaw (2020).
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Case 1: Hearing Aid Follow-Up

Week 1 Follow-Up
4-8 hours of hearing-aid use

Listening in quiet was worse

Listening in noise was better – ‘following 
conversations was easier’

Week 4 Follow-up
12-14 hours of hearing-aid use

Listening in quiet: hearing aids helped a lot

Listening in noise: understanding was good

Further reported:

•Attended multiple group meetings

•Soft and louds sounds were now tolerable
•No longer avoided noisy environments

•High satisfaction with hearing aids – ‘hearing 
aids allowed her to participate in activities she 
previously enjoyed’

Roup, Ross, & Whitelaw (2020).



Case 1:
Patient-Reported 
Outcome 
Measures

Change in hearing handicap 
(HHIA)

Roup, Ross, & Whitelaw (2020).



Case 1:
Unaided vs. Aided 
Speech-in-Noise
Significant improvement in low-
predictability R-SPIN 
performance

Roup, Ross, & Whitelaw (2020).
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Case Example 2: YAF with idiopathic FHD
(34-year-old woman)

Case History

• Trouble hearing in 
background noise

• Present since her early 20’s

• Situations of difficulty: 
teaching and parties

• HHIA score = 34/100

Evaluation

• Otoscopy unremarkable

• Tympanometry WNL

• Acoustic reflexes absent

• AC = BC (no air-bone gap)

Audiogram

Roup, Ross, & Whitelaw (2020).
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Case Example 2: YAFAssessment Summary

Self-Perception

Mild hearing handicap re: 
HHIA

Abnormally high self-
perceived listening 
difficulties in noise re: AAPS

Speech-in-Noise

Borderline performance on 
the SCAN auditory-figure 
ground (SIN)

Temporal Processing

Abnormally poor GIN 
performance

Binaural Processing

Abnormally low MLD S0N0 
threshold
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Case 2: Low-Gain Hearing Aid Fitting

Bilateral receiver-in-the-canal, WDRC 
hearing aids with open domes

Adaptive multiband directionality

Multiband noise reduction

Speech enhancer

Programmed and verified with real-
ear measures

5-10 dB of insertion gain for 1000-4000 Hz for soft 
inputs



Case 2: Aided Benefit for Self-Perceived Hearing 
Difficulties
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Case 2: Aided Benefit for Speech-in-Noise 
Performance
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Frequently Asked Questions
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FAQs: Using Low-Gain Hearing Aids to Treat FHD

What “tools” should I 
have in my audiologist 

toolbox?

How do you tease 
apart ‘normal’ from 

‘disordered’? 

How can I feel 
comfortable 

recommending 
technology/hearing 

aids?

How do you program 
the hearing aids?

What about NAL-NL3?
How do you know 

you’re not damaging 
the patient’s hearing?

Why not an OTC 
hearing aid?

Who pays for the 
hearing aids?
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What are your questions?
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Summary & Conclusions

Rationale for 
Low-Gain 
Hearing Aids

Boost to low-energy, easily masked mid- to high-frequency speech sounds

Improve speech-in-noise performance

Ease listening effort and fatigue

Prospective 
LGHA Clinical 
Trials

Demonstrated benefit for LGHA

Minimal hearing aid uptake from research participants

Current 
Audiologist 
Practices

Recommending and fitting LGHAs

Reported successes for some and lack of benefit for others

Return rate similar to rate for adults with SNHL



Thank you!
Roup.2@osu.edu │ u.osu.edu/sralab 

mailto:Roup.2@osu.edu
https://u.osu.edu/sralab/
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