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Introduction
Noise-induced	hearing	loss	(NIHL)	has	long	been	a	concern	in	the	field	of	

occupational health and safety. Numerous national and international standards 
have been created to protect workers from noise in the workplace. In contrast, 
there are few policies to prevent NIHL secondary to recreational noise exposure 
or in populations that are not protected by occupational legislation. Infants and 
children comprise a population that may be particularly susceptible to noise and 
the sequelae of noise exposure given the fact that the exposure and potential 
damage occurs during periods of maximal speech, linguistic and neurocognitive 
development. In this paper, we review the pathophysiology of NIHL and discuss 
current noise exposure guidelines and sources of noise exposure that place infants 
and children at risk.
Pathophysiology of noise-induced hearing loss 

To diagnose NIHL, the clinician must obtain a history of noise exposure and 
an audiogram which features the classic “noise notch;” an increased threshold at 
4 kHz that is present regardless of the frequency of the noise exposure. In order 
to	understand	this	classic	configuration	(4	kHz	notch)	we	need	to	understand	the	
physical and resonant properties of the external auditory canal (EAC). The EAC 
can be modelled as a tube that is open at one end (meatus) and closed at the other 
(tympanic membrane). The resonant fundamental frequency of the EAC can be 
represented by the equation:

For an EAC with a length 2.0 to 2.5 cm, this results in a fundamental 
frequency of 3.4 to 4.3 kHz. A maximal gain at this frequency leads to the 
characteristic noise notch at 4 kHz1. This theory has been validated by experiments 
which have measured the maximum gain of the adult human EAC to occur near 4 
kHz2. Infants and children have shorter EACs, leading to a resonant frequency of 
approximately 8 kHz1. This could mean that NIHL in infants could be occurring at 
8 kHz unbeknownst to even the most vigilant clinicians who might suspect it and 
be searching for evidence of hearing loss on an audiogram at 4 kHz! The resonant 
frequency	at	which	 the	effect	of	NIHL	will	be	 identified	decreases	 to	4	kHz	at	
approximately 2.5 years of age as the EAC lengthens1,2. 

Traditionally, NIHL has been divided into two separate pathological entities: 
1) Temporary threshold shift (TTS) whereby hearing loss or tinnitus occurs 
following noise exposure and then returns to baseline, and 2) Permanent threshold 
shift (PTS) whereby hearing loss is permanent. In other words, mechanical damage 

Fundamental	frequency	(Hz) velocity	of	sound	(340m/sec)
4*length	of	tube	(m)
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caused by an acoustic insult that can be repaired through cellular mechanisms 
results in TTS, whereas damage that cannot be repaired results in PTS. However, a 
temporary threshold shift following noise exposure has been associated with long 
term loss of spiral ganglion cells in animal models3,4. This implies that permanent 
damage can occur following a single noise exposure causing TTS and that the 
audiogram may not be a sensitive tool for detecting this type of noise-induced 
hearing damage. Furthermore, noise exposure at an early age has been shown to 
accelerate the onset of age-related hearing loss in an animal model5. These studies 
underscore the importance of prevention and noise protection among infants and 
children as they suggest that the timeframe to accumulated noise exposure will 
impact the age at which functional concerns arise
Physiologic effects of noise in infants and young children

While the principle function of the auditory system is hearing, it also broadly 
affects a number of other sensory and autonomic systems. Even background noise 
can lead to elevated blood pressure, vasoconstriction and increased adrenaline 
secretion6-8. In fact, background noise during sleep can lead to sleep disturbance by 
suppressing rapid eye movement (REM) sleep9-10. These disturbances may affect 
younger children more than adults because infants, unlike adults, have developing 
brains and auditory systems required for language and speech development. Early 
exposure to white noise at moderate intensity (70 dB) has been shown to lead to 
failure of development of tonotopic organization of the primary auditory cortex in 
a rat model11. This suggests that exposure to white noise during infancy may have 
deleterious effects on the developing auditory brain.
Noise exposure guidelines for infants and children

Numerous guidelines exist for regulating noise exposure in adults. In North 
America, the Canadian Centre for Occupational Health and Safety (CCOHS) and 
the American body the National Institute for Occupational Safety and Health 
(NIOSH) recommend a workplace noise limit of 85 dBA for a duration of 8 hours 
with a 3 dBA exchange rate12,13. “Exchange rate” means that for every 3 dBA 
increase above 85 dBA, the acceptable exposure time is halved. Exposure in excess 
of this recommended noise dose is considered harmful and exposed people risk 
developing NIHL. Noise exposure safety limits created for adults in the workplace 
may	not	be	sufficiently	conservative	to	protect	infants	and	children.	As	a	result,	a	
number of noise limits have been proposed for infants in a hospital environment. 
For hospital nurseries and neonatal intensive care units (NICU), the Sound Study 
Group of the National Resource Center (NRC) recommends a 50 dBA equivalent 
noise level limit averaged over one hour9,14. Similarly, the American Academy of 
Pediatrics (AAP) recommends a noise limit of 45 dBA in the NICU15.
Sources of noise exposure among infants and children

Infants and children are exposed to a variety of noises that unfortunately 
remain	 unregulated	 in	 most	 jurisdictions.	 The	 most	 significant	 and	 ubiquitous	
example of this is likely the exposure of children to excessive noise through the 
use of digital personal music players (PMP). PMP have the ability to generate high 
volume output levels in excess of 110 dBA16. Adolescents and teenagers seem 
to listen to their PMP at a volume of approximately 76 to 82 dBA regardless of 
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whether the background is noisy or quiet17-19. Although these averages may appear 
safe when compared with CCOHS and NIOSH guidelines, averages imply that a 
proportion of these people are listening to their devices at levels above 85 dBA. 
Perhaps more distressing is that PMP users have been shown to increase their 
chosen listening volume as ambient noise levels increase16. Hazardous levels of 
sound and their deleterious sequelae are therefore more likely to be incurred where 
louder background noise is present, such as while walking along a busy urban 
street or while travelling on public transportation or an airplane.

While exposure to PMP is the most recognized hazard for children and 
adolescents, many other potentially harmful sources exist. One such example is 
children’s toys that can contain a noise-making component. Although the American 
Society for Testing and Materials (ASTM) has published noise standards for toys 
(less than 85 dBA measured at 50 cm from the toy, or less than 65 dBA measured 
at 2.5 cm for toys designed to be operated “close-to-the-ear”20), these standards 
have not been legislated and adherence by toy manufacturers remains voluntary. 
In fact, despite these guidelines, toys have been found to generate 80 to 115 dBA 
measured at 2.5 cm in one study21 and 80 to 121 dBA measured at speaker level 
in another22. Exposure to these types of toys may lead to NIHL over time or even 
NIHL through a single acoustic trauma. 

Another source of noise that may place infants and young children at risk 
is infant sleep machines which have gained immense popularity to the point of 
being deemed a ‘must have’ for any nursery. Designed to be operated while an 
infant is asleep, these devices emit white noise and other sounds that, proponents 
claim, improve an infant’s sleep by masking background noise. Unfortunately, 
infant sleep machines can emit dangerous sounds that exceed AAP and NRC noise 
recommendations23. This risk may be unbeknownst to parents as few of these sleep 
machines come with warnings or guidelines for use. In addition, exposure to white 
noise	for	significant	periods	of	time	in	the	infant	population	may	lead	to	delays	in	
auditory and language development.
Conclusion

Infants and children are constantly being exposed to noise and therefore may 
be at risk for NIHL. Unfortunately, this population may be more susceptible to 
noise-related hearing damage than previously believed3,5,11. Although NIHL is 
irreversible, it is preventable. This underscores the importance of decreasing noise 
exposure in infants and children. 

It is incumbent upon us to create policies that minimize noise exposure 
within the pediatric population. Current noise exposure guidelines that have been 
proposed	for	NICU	and	hospital	nurseries	are	beneficial	but	they	are	not	enough.	
Specific	noise	guidelines	for	children	are	needed	because	they	are	anatomically,	
developmentally and functionally distinct from infants and adults. European 
Union guidelines limiting PMP output levels to a maximum of 100 dB24 will not 
prevent hearing loss in children who listen to their devices at 100 dBA for even one 
hour. Furthermore, mandatory standards for products such as toys and infant sleep 
machines	marketed	specifically	towards	infants	and	children	are	needed	to	protect	
this susceptible population.
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A key part of any prevention plan is education. Educating the public about 
the	specific	vulnerability	of	infants	and	children	to	NIHL	is	essential.	Empowering	
parents, caregivers and others who interact with infants and children by encouraging 
them to monitor sources of noise exposure and subsequently minimize volumes 
and exposure times should drastically reduce the risk of NIHL among infants and 
children.
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