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background



34 million 

children are currently living with 
hearing loss.
(World Health Organization, 2021)



In Singapore,

4 in  1000 infants are born with hearing loss. 
1.7 in  1000 are born with severe to profound degrees of hearing loss.
(Low et. al, 2005)

Impac t
 Communication
 Educational outcomes
 Quality of life



Universal Newborn Hearing Screening (UNHS)
• Coverage rate of >99% 
• Referral rate of 0.5%

(Lim, 2008)

1-3-6 Early Hearing Detection and Intervention (EHDI) 
guidelines (The Joint Committee on Infant Hearing)
• 1 month – hearing screening
• 3 months - diagnosis
• 6 months - intervention 



however..

• Late  onse t hea ring loss (0.15% - 0.25%) 
(Bhatia et. al., 2013; Eiserman et. al., 2008).

• Lost to  follow up (24.6%) 
(Centers for Disease Control and Prevention, 2019).

 Present with speech and language delay



School hearing screenings in Primary 1 (6-7 years)

• Critical age for brain development is 3 ½ years 

Preschool hearing screening 

 Recommended by 
• Centres for Disease Control and Prevention (CDC)
• The Joint  Committee on Infant Hearing (JCIH)
• American Academy of Audiology (AAA)



Aims of the Study

Effec tiveness of the  
proposed screening 

pro tocol

Feasibility in  a 
non-soundproof 

environment

Sensitivity and 
Spec ific ity



1. Questionnaire 2. Otoscopy 3. Tympanometry
4. Transient Evoked 

Otoacoustic 
Emissions (TEOAE)

5. Ling 6 Sound Test

1.  Are  these  measures re levant,  effec tive  and time effic ien t ?



Aims of the Study

Effec tiveness of the  
proposed screening 

pro tocol

Feasibility in  a 
non-soundproof 

environment

Sensitivity and 
Spec ific ity

2. Is it feasible  to  conduc t a basic  hea ring screen ing  in  a non-
sound          proof environment, e.g. consulta tion  room in  
NUH?



Aims of the Study

Effec tiveness of the  
proposed screening 

pro tocol

Feasibility in  a 
non-soundproof 

environment

Sensitivity and 
Spec ific ity

3. Does it yie ld high sensitivity and 
spec ific ity? 



Methodology



• 30 participants

• Aged 2 years – 5 years 11 months

• Referral from Child Developmental Unit, NUH 

• Speech delay

• Screening conducted on the same day as their 

behavioural hearing test appointment (45 mins prior) 



Inclusion criteria 
• Developmentally and cognitively 

ready for listening tasks.
• Passed universal newborn hearing 

screening (UNHS).

Exclusion criteria 
• Developmental/congenital/genetic 

disorders – e.g., Autism Spectrum 
Disorder, Global Developmental 
Delay.

• Known Outer and Middle ear 
pathologies.



Results



120
screened 

• 7th December 2020 – 26th February 2021

45
eligible

• 37.5%

9 
consented



Ambient Noise Levels

• In quiet: 40.5dBA (38.3 – 47.1)
• In noise: 63.5dBA (52.7 – 85.3)

• TEOAE: 47.9dBA & 46.3dBA (Test 1 & 2)
63.5dBA)

Screening Time

• 32 minutes 



Screening Test Results











Behavioural Hearing Test Results





Discussion



Effectiveness of the Screening Protocol

Questionna ire   Otoscopy and 
Tympanometry TEOAE Ling 6 Sound 

Test
Questionna ire   



• Identify risk fac to rs for hearing loss and speech delay. 
- Paren ta l concern, mate rna l educa tion, family histo ry etc.

• Information  on  child’s responses to  sounds in  the  ‘rea l world’.

• Need for a valida ted hearing screen ing  questionna ire.

Questionnair
e  



Otoscopy and 
Tympanometry

• Assesses in tegrity of oute r and middle  ea r.  
Screen ing  result is influenced by presence  of oute r 

and middle  ea r anomalies.
• Highlight need for re fe rra l to  ENT.



• Widely used objec tive  measure.
• Reliable  and quick.

• Inability to  rule  out Auditory neuropa thy spec trum 
disorder (ANSD) and mild hearing  losses.

TEOAE



• Useful as an  additiona l tool for children >2.5 yea rs.

• Subjec t to  child’s coopera tion  and presenta tion  
leve l.

• Variable  results for children  <2.5 years.

Ling 6 Sound 
Test



Feasibility

Environmental Factors Child Related Factors

• Hearing screening using 
TEOAE is possible if 
ambient noise levels are 
controlled (<61dBA, Salina 
et al, 

• Environmental modifications 
can be made to attenuate 
noise e.g., carpets, acoustic 
tiles etc.

• Parental consent.
• Inclusion criteria.
 62.5% excluded from  

study. 
• Challenging age group. 

Results can vary 
depending on child’s 
cooperation.



Future studies 



1. Larger sample sizes 
 Establish sensitivity and specificity

2. Wider inclusion criteria
 Children with additional disabilities and developmental delays (ASD, 

GDD etc.)
 Children that failed UNHS (lost to follow up)

3. Explore additional tests like Auditory Brainstem Response to rule out 
ANSD (especially those with risk factors for ANSD)



Conclusion

 Results from this study look promising.
• Further research must be conducted.
• Preschool hearing screening programme should be introduced 

in Singapore.

 All 7 participants had normal hearing.
• Pass  referral to other medical professionals.
• Refer  reduced waiting time for BHT appointments  early 

intervention.
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