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ABSTRACT
Objective: Spontaneous otoacoustic emissions (SOAEs) are continuous signals that are generated in the cochlea 
despite the absence of external auditory stimulation. We studied SOAEs in a male infant with persistent and high-
frequency audible tinnitus arising from the inner ear and in his family members (his parents and elder sisters) who have 
no symptoms.

Method: SOAE, distortion product otoacoustic emission (DPOAE), and auditory brainstem response (ABR) tests were 
conducted to objectively evaluate auditory functions. The patient was a one-year-old male infant with audible tinnitus 
and his parents and two elder sisters had non-audible tinnitus. For the last three years, their SOAEs were repeatedly 
recorded.

Results: Seven SOAE tests performed over three years demonstrated positive peaks with the main peak at 5.3 kHz on 
the left side of the infant. His 42-year-old father, 5-year-old sister, and 7-year-old sister without objective tinnitus showed 
SOAEs, but his 38-year-old mother did not show any SOAEs.

Conclusion: The results of frequent SOAE tests over three years suggested that the audible tinnitus in the infant and 
the non-audible tinnitus in the family members could have arisen from the spontaneous vibration of outer hair cells. 
However, a particular energy mechanism can cause the vibration of outer hair cells to produce audible SOAEs. Our 
study suggests the possibility of a familial inheritance of SOAE in this family.
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INTRODUCTION

Spontaneous otoacoustic emissions (SOAEs) are 
continuous signals that are generated in the cochlea 
despite the absence of external auditory stimulation1. 
They occur in more than half of normal ears, including 
those of infants, children, and adults. Typically, SOAEs 
measured in adults are concentrated in the frequency 
range of 1.0 to 2.0 kHz and have been observed at 
frequencies from 0.5 to 9.0 kHz. In general, SOAEs are not 
seen in frequency regions in patients with sensorineural 
hearing loss of lower than 30 dB HL. It is considered that 
SOAE originates from outer hair cells corresponding 
to the portion of the basilar membrane tuned to that 
frequency2. Before OAE recordings became available, 
four possible origins were theorized by Glanville et al. in 
19713: (1) resonance, (2) middle ear muscle fasciculation, 
(3) reverse neuroacoustic transduction from the internal 
ear, and (4) vascular sound. 

There are persons who emit audible sounds that can be 
heard by other people. Such sounds are called SOAEs. 
Their origin, which has not been precisely demonstrated, 
appears to be the outer hair cells of the cochlea. SOAEs 
are classified into low-intensity non-audible SOAE 
and high-intensity audible SOAE4. In this study, we 
investigated SOAEs in a male infant with persistent and 
high-frequency audible tinnitus probably arising from the 
inner ear and in his family members (his parents and two 
elder sisters) without audible tinnitus.

MATERIALS & METHODS

Subject

The patient was a male infant aged 1 year at the time 
of the initial visit. He was born by normal delivery at 39 
weeks of gestation and weighed 2308 g. After birth, 
he was hospitalized with hypoglycemia in a neonatal 
intensive care unit for three days. The outcome of the 
neonatal automated auditory brainstem response (AABR) 
screening showed “pass” in both ears. No external 
malformation was observed. At six months, his mother 
noticed a high-frequency sound from the right ear. At 
eight months, he was brought to a local otolaryngologist 
because of nasal discharge and was diagnosed as having 
secretory otitis media in both ears. The high-frequency 
sound from the right ear temporarily disappeared at that 
time. At nine months, the high-frequency sound was 
again noticed as the otitis media in both ears improved, 
but at this time, it came from the left ear.

At one year old, he and his family were referred to our 
Children’s Medical Center by a local otolaryngologist for 
further examinations. The high-frequency sound from the 
left ear persisted and was audible from a distance of about 
30 cm in a soundproof room in the outpatient clinic. In our 
observation for the last three years, the sound persisted 
at a constant high frequency and intensity and did not 
change at all. 

Family Tree
Figure 1 shows the family tree consisting of the patient, 
father, mother, and two elder sisters. All of the five family 
members who did not show any hearing or other problems 
were tested by SOAE periodically.

Methods
The SOAE test was performed using ILO292-USB ver.6 
(RION). Objective audiometry was performed using 
ABR test and behavioral observation audiometry was 
performed using the conditioned orientation reflex (COR) 
test. Imaging studies of the middle ear and inner ear were 
conducted by computed tomography (CT) and magnetic 
resonance imaging (MRI).

RESULTS

Patient’s study results
Behavioral and objective audiometry
The hearing threshold level determined by COR audiometry 
was normal at 30 dB nHL. ABR showed a normal wave Ⅴ 
threshold at 20 dB nHL in both ears of the patient.

Imaging studies  
The CT and MRI scans of the temporal bone demonstrated 
normal middle ear and inner ear on both sides.  

SOAE study
Figure 2 shows SOAE recordings at four different over 
the last three years

1.	 At the age of one year and five months, there was a 
peak at 5.3 kHz (− 14 dB SPL) in the left ear but none 
in the right ear.

2.	 At the age of one year and seven months, there were 
peaks at 3.2 kHz (− 6 dB SPL), 4.2 kHz (+ 3 dB SPL), 
and 5.9 kHz (− 14 dB SPL) in the right ear, and at 3. 3 
kHz (− 9 dB SPL), 4.4 kHz (+ 3 dB SPL), and 5.3 kHz 
(+ 15 dB SPL) in the left ear. 

3.	 At the age of two years and one month, there were 
peaks at 3.2 kHz (− 11 dB SPL) and 4.2 kHz (− 1 dB 
SPL) in the right ear and at 3.2 kHz (− 7 dB SPL), 3.9 
kHz (− 6 dB SPL), 4.4 kHz (− 10 dB SPL), and 5.3 
kHz (+ 14 dB SPL) in the left ear.

4.	 At age of four years and five months, there were 
peaks at 3.0 kHz (− 5 dB SPL), 3.2 kHz (− 14 dB 
SPL), 4.2 kHz (+ 5 dB SPL), and 4.8 kHz (− 17 dB 
SPL) in the right ear, and at 3.2 kHz (− 6 dB SPL), 3.9 
kHz (− 10 dB SPL), 4.4 kHz (− 10 dB SPL), 5.3 kHz 
(+ 16 dB SPL) in the left ear.

Family members’ study results
Four other family members (father, aged 42; mother, 
aged 38; 5-year-old sister, 7-year-old sister) underwent 
SOAE tests.

Figure 3 shows SOAE recordings of his father and two 
elder sisters. 
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Figure 1: RPatient’s family tree.
Stars indicate the presence of SOAE in each member of the family
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Figure 2: SOAEs recordings of the patient from the first year to the third year.
Blue arrows indicate SOAE. The largest 5.3 kHz SOAEs in the left ears are presented.
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Figure 3: SOAEs recordings of father and 5- and 7-year-old sisters without audible tinnitus. SOAE recordings are in the range of 2–3 kHz with low 
amplitude. Mother: No peak or symptoms on both sides.
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His father had a peak at 2.3 kHz (− 20 dB SP) in the 
right ear, which was smaller than that of the patient, with 
normal findings in the left ear. His 5-year-old sister had 
small peak at 2.7 kHz (−14 dB SPL) in the right ear and 
3.6 kHz (− 12 dB SPL) in the left ear. His 7-year-old sister 
had small peak at 3.1 kHz (− 13 dB SPL) in the right ear 
and 3.3 kHz (− 13 dB SPL) in the left ear. On the other 
hand, no SOAE peak was observed in either ear of his 
mother.

DISCUSSION

Kaga et al. reported the following features of high-intensity 
audible SOAEs in children: (1) OAEs with levels up to 
60 dB SPL are rare; (2) audible without amplification; 
(3) high-frequencies; (4) present at birth; (5) may be 
inherited; (6) a particularly sensitive cochlea; (7) hearing 
is always normal even when SOAE is present5.

In our study, only the male infant manifested audible 
tinnitus (SOAE), whereas his family members did not show 
any audible tinnitus. However, SOAE tests demonstrated 
similar SOAE peaks among the male infant, in his father, 
and two older sisters. The recorded SOAEs can show 
the probability of inheritance of SOAE, as a familial 
phenomenon except for his mother. This audible tinnitus 
is different from objective tinnitus that is characterized by 
discontinuous and pulsatile clicks caused by the periodic 
contraction of pharyngeal muscles caused by pharyngeal 
myoclonus. We have followed up the patient and his 
family members over three years to determine whether 
the congenital SOAE is a temporary phenomenon or not. 
The patient’s audible tinnitus and SOAE continuously 
appeared over the last three years.

Glanville et al.3 reported three cases of a father and two 
of his three children with high-frequency non-pulsatile 

audible sounds emitted at different pure tones from five 
of six ears in this family. The condition is considered 
inherited as a dominant characteristic that is not sex-
linked. Table 1 shows the frequency analysis of SOAEs 
in children in the literature (congenital type)

Two types of SOAE can be identified4,6: (1) the common 
low-intensity non-audible type that can be recorded 
in the majority of normal-hearing ears and (2) the rare 
high-intensity audible type that is clearly related to the 
pathological hearing of children3,5,7-15 as shown in Table 1 
and adults as shown in Table 23,12,13.

The features of low-intensity non-audible SOAEs are as 
follows: (1) found in up to 78% of subjects with presumed 
normal hearing; (2) a byproduct of normal cochlear 
functioning; (3) normal audiometric thresholds; (4) a 
typical level of about 1 dB SPL ranging from − 10 to + 
20 dB SPL in adults; (5) relatively high-frequency5. In 
the literature, SOAEs are classified into the congenital 
type (Table 1) and the acquired type (Table 2). The 
SOAEs in the affected family members of this study 
were of the congenital high-intensity audible type, and 
probably, SOAEs at a high-frequency may be caused by 
a spontaneous and continuous contraction of outer hair 
cells, resulting in the emission of audible sounds from their 
ears. If this theory were true, outer hair cells would lose 
their inhibitory function or augment active functions at a 
high frequency. The SOAE in our patient has continued 
up to his present age of four years.

Regarding the mechanism of OAE, it was first postulated 
by Gold in 1948 that the ‘cochlea does not only receive 
sounds but can also produce acoustic energy.’12. From 
acoustic impulse response of human ear recordings, 
Kemp discovered the ’cochlea echo’ as OAE in 197813. 
Transient evoked otoacoustic emission (TEOAE) or 
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DPOAE is evoked by otoacoustic emissions as an 
electrical phenomenon of cochlear origin in response 
to the input sound. However, spontaneous emission 
can be practically recorded without any input sounds to 
study ‘the cochlear origin of tinnitus’. Table 3 shows the 
list of hypotheses2,5,13. The number of cases of objective 
tinnitus caused by inner ear problems is extremely 
small. There are only a few hypotheses presented that 
clarified the cochlear origin of objective tinnitus. Kemp 
suggested there is a biological–mechanical mechanism 
in the cochlea that amplifies a sound wave, which could 
be related to TEOAE, DPOAE, and SOAE13.

Zurek suggested that the factors for active biomechanical 
processes are present in the inner ear and support the 
processes that increase the sensitivity and selectivity for 
the mechanical frequency in the cochlea2.

CONCLUSION

The results of frequent SOAE tests over three years 
suggest that the audible tinnitus in our patient and could 
have arisen from the spontaneous vibration of outer hair 
cells and the non-audible tinnitus in his family members. 
Probably, an energy mechanism can cause the vibration, 
which can produce audible SOAEs. We regarded SOAE 
related to audible tinnitus as a unique phenomenon 
caused by spontaneous outer hair cell hyperactivity. 

The results of our study, there is a possibility of a familial 
inheritance.
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