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GOAL

Promote advocacy of 
evidence-based hearing 

healthcare



Understand hearing and 
hearing loss



https://river-ent.com/ear/

outer ear

middle ear

inner ear

Hearing



Type of Hearing Loss

ÅConductive (CHL)

ÅSensorineural (SNHL)

ÅMixed

ÅUndetermined

https://river-ent.com/ear/



The Outer Ear

Otoscopy

A way to look into the 
ear and observe the ear 

canal and ear drum.



The Outer Ear

Probe 
Microphone 
Measures

Measures the level of 
sound in the ear.



The Middle Ear

Tympanometry

Evaluates that status of 
the ear drum and middle 

ear health



The Inner Ear

Otoacoustic 
Emissions (OAEs)

Screens for the possibility 
of hearing loss.  



The Inner Ear

Otoacoustic 
Emissions (OAEs)

NOT able to measure 
hearing sensitivity.  



Behavioral 
Hearing Tests
This test requires reliable 
behavioral responses to 

sound.

Full Auditory 
Pathway



Full Auditory 
Pathway

Auditory Brainstem 
Response (ABR)

Observes how the brain 
responds to sound



Auditory Brainstem 
Response (ABR)

CAN be used to estimate 
hearing sensitivity

Full Auditory 
Pathway



https://river-ent.com/ear/

Hearing Sensitivity:
Air Conduction



Type of Hearing Loss:
Bone Conduction

https://river-ent.com/ear/; Eichenauer et al., 2014



Type of Hearing Loss: Bone Conduction

https://river-ent.com/ear/



What does hearing loss 
sound like?



The Audiogram
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Current Knowledge



Craniofacial Anatomy
ÅOuter ear
ÅNarrow or stenotic ear canals

ÅNasopharynx
ÅBony confines smaller, soft tissue 

mass typical

ÅHigh rates of otitis media with 
effusion
ÅGeneral hypotonia
ÅChronic upper respiratory 

infections
ÅImmune deficiencies

ÅInner ear hypoplasia

2-year-old male

with Down syndrome
2-year-old male 

who is neurotypical 

Rodrigues et al., 2019

Rodrigues et al., 2019

Normal 2-mm wide cochlear 

nerve canal

Hypoplastic cochlear nerve canal in 

10-year-old with Down syndrome

Blaser et al., 2006
Illustration: Katelyn McDonald, 2017 (ami.org)



Previous Research

ÅOccurs in up to 80%+ of individuals with Down syndrome across the lifespan 
(Bull et al., 2022; Capone et al., 2017; Shott, 2006; see Porter & Tharpe, 2010 for review)

ÅMany cases conductive and/or transient (De Schrijver et al., 2019; Nightengale et al., 2017; 
Pradilla et al., 2020)

ÅHigh rates of mixed and sensorineural (Evenhuis et al., 1992; Nightengale et al., 2017; Picciotti et 
al., 2017)

ÅEarly onset high frequency hearing loss; increasing severity with age (Buchanan, 

1990; Evenhuis et al., 2001; Kreicher et al, 2018; Picciotti et al., 2017) 

ÅMost information we currently have was obtained from medical record 
review, small sample sizes, or dated and obtained from institutionalized 
individuals.
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Characterize Hearing in a 
Large Community-Based 
Sample



Audiometric Protocol



What are we 
seeing so far?

RESULTS

ÅN = 107 participants

Å5.1 to 55.8 years
Å(mean = 23.0, stdev = 11.6, male = 67)



Average Thresholds by Age Group



Individual Ears

50.8% 



normal to near -normal hearing

hearing loss

~11%

~89%

High rates of 
hearing loss



healthy middle ear function

middle ear dysfunction

~40%

~60%

High rates of 
middle ear 
dysfunction



1 type of hearing loss

2+ types of hearing loss

~45%

~55%

More than 
one type of 
hearing loss



Know the current 
recommendations for monitoring 
and intervention for hearing loss



It can be hard to tell!

ÅBrain fills in missed sounds

ÅSmall changes over time are 
difficult to detect

ÅCommunication occurs with more 
than just speech



Undetected and Undertreated

ÅOften undetected until formal hearing screening or assessment 
occurs. (Evenhuis et al., 2001; Meuwese-Jongejeugd et al., 2006; Van Buggenhout et al., 1999)

ÅHearing aid use is low.
Å24% reported loss, hearing aids used by 4% (Russ et al., 2017)

ÅHearing aid use in just 57.9% with confirmed permanent hearing loss 
(Nightengale et al., 2017)



Of the >100 
participants ages 5 
ǘƻ рс ȅŜŀǊǎ ǿŜΩǾŜ 
ǎŜŜƴ ǎƻ ŦŀǊΧ



~89% of our 
community-based 
participant sample 
has some hearing 

loss



<50% of 
participants or  

caregivers reported 
participant hearing 

loss 



~40% of ears with 
reported hearing loss 

wore hearing aids 



Untreated Hearing Loss

ÅDelayed language development

ÅLoss of ability to communicate with others

ÅSocial isolation, loneliness, frustration

ÅLack of educational progress

ÅReduced vocational options
World Health Organization, 2023 



Community 
Perspectives

I've always felt that his hearing has affected his speech much 
more so than the [Ear, Nose, and Throat specialists] have seemed 
to think. Up until your research project, everybody was like, oh, 
he's hearing all the sounds for speech. He's fine. And then when I 
brought in your data and kind of pushed him a little bit more on 
ǘƘŀǘΣ ȅƻǳ ƪƴƻǿΣ ǘƘŜȅ ǿŜǊŜ ǎǘƛƭƭ ƭƛƪŜΣ Ψ²ŜƭƭΣ ȅƻǳ ƪƴƻǿΦΩ L ǘƘƛƴƪ ǇŜƻǇƭŜ 
tend to see people with Down syndrome as having problems 
ŀƴȅǿŀȅΦ {ƻΣ ƛǘϥǎ ƪƛƴŘ ƻŦ ƭƛƪŜΣ Ψ²ŜƭƭΣ ȅƻǳ ƪƴƻǿΣ ǘƘŜȅϥǊŜ ƘŜŀǊƛƴƎ ǿƘŀǘ 
they need for speech [intelligibility]. You know, he has apraxia. 
IŜϥǎ ƴƻǘ ƎƻƛƴƎ ǘƻ ƘŀǾŜ ǘƘŜǎŜ ǘƘƛƴƎǎΦΩ .ǳǘ when you can't hear the 
sound, you can't speak the sound. You can't read the sound. You 
can't spell the sound. So, I feel like I'mτI wish in a lot of ways I 
pushed even harder than I did just now because he's just now 
getting a hearing aid and he's 17. So, it's going to be even harder 
for him to get used to wearing his hearing aid. 

 -Mother of 17-year-old with Down syndrome



Intervention benefits people with and without 
additional disabilities.

e.g., Cupples  et al., 2018; Yoshinaga-Itano et al., 1998



ADULTS
ÅLack of consensus regarding 

frequency of occurrence 
(Capone et al., 2017)

BIRTH to 1 YEAR

ÅNBHS
ÅRescreen at 6 months, 

diagnostic as soon as ears are 
clear

1 YEAR + 

Åevery 6 months until normal 
hearing sensitivity is 
established in each ear

Åonce established, behavioral 
hearing test and 
tympanograms annually

American Academy of Pediatrics, 2022; 
Joint Commission on Infant Hearing, 

2019

PEDIATRICS

General Health Supervision Guidelines



Hearing Loss: 
Intervention Options

traditional hearing aid
(air conduction hearing aid) bone conduction hearing aid cochlear implant


