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A B S T R A C T 

Objective: In the past, it was believed that unilateral hearing loss has a minimal impact on 
the speech and language development in children. However, several studies have suggested that 
some school-age children with unilateral hearing loss have learning impairments in language. In 
the present study, we first examined whether preschool-age children with unilateral severe-to- 
profound hearing loss (UHL) have delays in the development of receptive vocabulary and verbal 
intelligence. In the follow-up study, we tested the children again after school admission. The 
objective of the present study was to reveal the development of receptive vocabulary and verbal 
intelligence from preschool to school years in children with UHL. 
Methods: Fifteen Japanese preschool-age children with UHL and a control group of 20 age- 
matched Japanese children with bilateral normal hearing (NH), who were examined because 
articulation disorder was suspected, were enrolled in this study. The development of receptive 
vocabulary and verbal intelligence was evaluated using the Picture Vocabulary Test-Revised (PVT- 
R) and the Wechsler Intelligence Scale, respectively. The present retrospective study was approved 
by the Committee for Medical Ethics of Tokushima University Hospital (#3801). 
Results: The scaled score (SS) of the PVT-R and verbal intelligence quotient (VIQ)/verbal 
comprehension index (VCI), but not performance intelligence quotient/perceptual reasoning index 
in children with UHL were significantly lower than those in the control children with NH at 
preschool-age. The SS of the PVT-R and VIQ/VCI in children with UHL significantly improved 
after school admission. In the subgroup analysis, the SS of the PVT-R in the lower receptive 
vocabulary group of children with UHL at preschool-age was significantly increased after school 
admission, but the SS in the normal and higher receptive vocabulary group of children with UHL 

at preschool-age were still around the standardized mean of SS after school admission. 
Conclusion: These findings suggest that the development of receptive vocabulary and verbal 
intelligence was delayed in preschool-age children with UHL and that most of them caught up 
to exhibit normal language ability after school admission. 

© 2021 Oto-Rhino-Laryngological Society of Japan Inc. Published by Elsevier B.V. All rights 
reserved. 
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o  
. Introduction 

Unilateral hearing loss (UHL) affects about 3–6% of
chool-age children [1] . In the past, it was believed that uni-
ateral hearing loss has a minimal impact on the speech and
anguage development of children. However, several reports
ave suggested that some school-age children with unilateral
earing loss have educational and/or behavior problems, and
eceive additional educational assistance [ 2 , 3 ]. Recently, Lieu,
t al. reported that school-age children with UHL showed
orse oral language scores than those of their brothers with
ormal hearing [4] . 

Additionally, children with UHL experience difficulties
ith speech perception in noisy environment [ 5 , 6 ]. Since lan-
uage acquisition requires sufficient exposure to language dur-
ng the critical period in children [7] , it is possible that chil-
ren with UHL may develop a speech and language develop-
ent delay [8] . 
Currently, universal newborn hearing screening has been

dopted worldwide, and it is now possible to evaluate speech
nd language development in preschool age children with
HL longitudinally. It was recently reported that preschool-

ge Swedish children with unilateral hearing loss showed a
elayed language development [9] . 

In the present study, we first examined whether preschool-
ge, Japanese children with severe-to-profound UHL have de-
ays in the development of receptive vocabulary and verbal
ntelligence. In the follow-up study, we tested the same chil-
ren again after school admission. Therefore, the objective
f this study was to determine receptive vocabulary and ver-
al intelligence development, from preschool to elementary
chool years, in children with UHL. 

. Materials and methods 

In the present study, a retrospective chart review was per-
ormed, and 15 Japanese preschool-age children (mean age:
7.0 ± 8.3 months) with UHL without intellectual disability
ere enrolled. Their intellectual disability was evaluated using

he Wechsler Intelligence Scale and all IQs except verbal one
ere within the normal ranges. Their mean pure-tone hear-

ng threshold averaged across 500, 1000 and 2000 Hz was
lassified according to the classification of degree of hearing
oss made by the American Speech-Language-Hearing Asso-
iation (ASHA): slight hearing loss (HL) is defined as HL
anging from 16 to 25 dB; mild HL, from 26 to 40 dB; mod-
rate HL, from 41 to 55 dB; moderately severe HL, from 56
o 70 dB; severe HL, from 71 to 90 dB; and profound HL,
 91 dB [10] . The children with UHL had a mean pure-tone

earing threshold if more than 80 dB in the affected ear and
ess than 15 dB in the opposite ear. Their types of hearing
oss were all fixed sensorineural hearing loss and they did
ot use hearing aids or frequency modulation (FM) systems
n classrooms. The control group of 20 age-matched Japanese
reschool-age children (mean age: 62.6 ± 8.1 months) with
ilateral normal hearing (NH) without intellectual disability
as also enrolled. They were examined in outpatient care
ecause articulation disorder was suspected. Their intellec-
Please cite this article as: T. Takeyama, A. Shimada, Y. Sakamoto et al., Develo
with unilateral hearing loss, Auris Nasus Larynx, https:// doi.org/ 10.1016/ j.anl.20
ual disability was evaluated using the Wechsler Intelligence
cale and all IQs were within the normal ranges. Their mean
ure-tone hearing threshold was less than 15 dB in both ears.
he present retrospective study was approved by the Com-
ittee for Medical Ethics of Tokushima University Hospital

#3801). 
To evaluate the receptive ability of the Japanese vocabu-

ary, we used the Japanese version of the Picture Vocabulary
est-Revised (PVT-R), which is a localized version of the
eabody Picture Vocabulary Test-Revised [11] for Japanese

anguage users ( https:// www.nichibun.co.jp/ kensa/ detail/ pvt _ r.
tml, Nihon Bunka Kagakusha Co., Ltd.). The age-adjusted
caled score (SS) was used as a standardized index of inte-
er from 1 to 19 with a mean score of 10 and a standard
eviation (SD) of 3. 

To evaluate verbal intelligence, we used verbal intelli-
ence quotient (VIQ) of the Japanese version of the Wech-
ler Preschool and Primary Scale of Intelligence (WPPSI)
12] for 46–85-month-old children and the verbal compre-
ension index (VCI) of the Japanese version of the Wechsler
reschool and Primary Scale of Intelligence-The Third Edi-

ion (WPPSI-III) [13] for 30–87-month-old children ( https:
/ www.nichibun.co.jp/ kensa/ detail/ wppsi3.html, Nihon Bunka
agakusha Co., Ltd.) as an index. We also used the ver-
al comprehension index (VCI) of the Japanese version of
he Wechsler Intelligence Scale for Children-The Fourth Edi-
ion (WISC-IV) [14] for 60–203-month-old children ( https:
/ www.nichibun.co.jp/ kensa/ detail/ wisc4.html, Nihon Bunka
agakusha Co., Ltd.) as an index. To evaluate performance in-

elligence at preschool-age, we used performance intelligence
uotient (PIQ) of the Japanese version of the WPPSI and the
erceptual reasoning index (PRI) of the Japanese version of
he WPPSI-III as an index. Standardized scores with a mean
core of 100 and SD of 15 were used for the VIQ/VCI and
IQ/PRI. 

In the PVT-R evaluation, 15 preschool-age children with
HL (mean age: 67.0 ± 8.3 months) were first tested with

he PVT-R, and in the follow-up study, the same children
mean age: 88.5 ± 9.3 months) were tested again with the
VT-R 12.9 ± 7.0 months after school admission. The mean
eriod between the preschool PVT-R and the follow-up PVT-
 after school admission was 21.3 ± 10.0 months. In the
echsler Intelligence Scale evaluation, 8 of 15 preschool-

ge children with UHL (mean age: 64.8 ± 5.2 months) were
ested with the WPPSI/WPPSI- Ⅲ and 11 of 15 children with
HL (mean age: 95.5 ± 13.7 months) were tested with the
ISC-IV 18.3 ± 12.9 months after school admission. No

hildren with UHL suffered from otitis media with effusion
etween the preschool and follow-up PVT-R. 

Statistical analysis was performed using Student’s t -test,
elch’s t-test and paired t -test (Statcel version 3, OMS Pub-

ishing Inc, Saitama, Japan). p < 0.05 was considered statis-
ically significant. 

. Results 

The mean SS of 6.8 ± 3.1 in the PVT-R at preschool-age
f 67.0 ± 8.3 months in children with UHL was significantly
pment of receptive vocabulary and verbal intelligence in Japanese children 
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Fig. 1. Comparison of the scaled score (SS) of PVT-R in preschool-aged children with unilateral severe-to-profound hearing loss (UHL) and bilateral normal 
hearing (NH). UHL: n = 15, NH: n = 20. ∗ p = 0.0001. 

Fig. 2. Comparison of verbal intelligence quotient (VIQ)/verbal comprehension index (VCI) and performance intelligence quotient (PIQ)/perceptual reasoning 
index (PRI) scores in preschool-aged children with unilateral severe-to-profound hearing loss (UHL) and bilateral normal hearing (NH). UHL: n = 8, NH: 
n = 20. ∗p = 0.005. 
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ower than that of 11.0 ± 2.6 at preschool-age of 62.6 ± 8.1
onths in age-matched control children with NH ( t (33) = -

.334, p = 0.0001) ( Fig. 1 ). The mean VIQ/VCI score of 76.1
19.9 at preschool-age of 64.8 ± 5.2 months in children

ith UHL was significantly lower than that of 103.8 ± 8.5 at
reschool-age of 63.6 ± 7.6 months in age-matched control
Please cite this article as: T. Takeyama, A. Shimada, Y. Sakamoto et al., Develo
with unilateral hearing loss, Auris Nasus Larynx, https:// doi.org/ 10.1016/ j.anl.20
hildren with NH ( t (8.052) = -3.793, p = 0.005) ( Fig. 2 ). How-
ver, the mean PIQ/PRI score of 101.9 ± 20.3 at preschool-
ge in children with UHL was not different from that of 104.6

11.4 at preschool-age in age-matched control children with
H ( t (8.847) = -0.358, p = 0.73) ( Fig. 2 ). 
pment of receptive vocabulary and verbal intelligence in Japanese children 
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Fig. 3. Comparison of the scaled score (SS) of PVT-R in preschool-aged and school-aged children with unilateral severe-to-profound hearing loss (UHL). 
n = 15. ∗p = 0.002. 

 

P  

c  

m  

1  

w  

m  

≥  

w  

v  

o  

a  

(  

u  

6  

a  

I
1  

i  

s  

(

4

 

i  

m  

t  

a  

d  

t  

a  

a  

d  

p  

i  

p  

U  

s  

p  

m  

j  

g  

b  

p  

 

a  

e  

p  

s  

t  

r  

i  

t  

f  

i  
In children with UHL, the mean SS of 6.8 ± 3.1 in the
VT-R at preschool-age of 67.0 ± 8.3 months was signifi-
antly increased to 8.9 ± 3.6 at school-age of 88.5 ± 9.3
onths ( t (14) = -3.756, p = 0.002) ( Fig. 3 ). Since the SS of

0 is a standardized mean with an SD of 3 in the PVT-R,
e divided the children with UHL into two groups: the nor-
al and higher receptive vocabulary group with the SS of
7 (mean – 1 SD) and the lower receptive vocabulary group

ith the SS of ≤ 6 at preschool-age. In the lower receptive
ocabulary group, the mean SS of 4.6 ± 1.7 at preschool-age
f 65.0 ± 7.9 months was significantly increased to 7.1 ± 2.5
t school-age of 85.1 ± 7.7 months ( t (7) = -3.035, p = 0.019)
 Fig. 4 a). However, in the normal and higher receptive vocab-
lary group, the mean SS of 9.3 ± 2.4 at preschool-age of
9.3 ± 8.8 months was not changed to 11.0 ± 3.6 at school-
ge of 92.3 ± 10.0 months ( t (6) = -2.121, p = 0.078) ( Fig. 4 b).
n children with UHL, the mean of VIQ/VCI score of 76.1 ±
9.9 at preschool-age of 64.8 ± 5.2 months was significantly
ncreased to the mean of VIQ/VCI score of 103.1 ± 16.9 at
chool-age of 95.5 ± 13.7 month ( t (17) = -3.192, p = 0.005)
 Fig. 5 ). 

. Discussion 

In the PVT-R at preschool-age children, the mean SS of 6.8
n children with UHL was lower than that of 11.0 in the age-
atched control children with NH. Therefore, it is suggested

hat the development of receptive vocabulary at preschool-
Please cite this article as: T. Takeyama, A. Shimada, Y. Sakamoto et al., Develo
with unilateral hearing loss, Auris Nasus Larynx, https:// doi.org/ 10.1016/ j.anl.20
ge was delayed in children with UHL, compared with chil-
ren with NH. In the WPPSI or WPPSI-III at preschool-age,
he mean VIQ/VCI score of 76.1 in children with UHL was
round the lower limit of the normal VIQ/VCI score range
nd lower than that of 103.8 in the age-matched control chil-
ren with NH, although PIQ/PRI scores were around 100 at
reschool-age in children with both UHL and NH. Therefore,
t is suggested that the development of spoken language ca-
abilities at preschool-age was also delayed in children with
HL, compared with children with NH. All these findings

uggest that the development of language was delayed in
reschool-age children with UHL without a delay in perfor-
ance development. A systematic review showed that the ma-

ority of the recent studies suggested poorer speech and lan-
uage testing results in children with UHL [15] . It has also
een suggested that preschool-age children with UHL showed
oor outcomes in some aspects of language acquisition [16] .

Unilateral hearing loss disrupts binaural processing of the
uditory system, including binaural summation, head shadow
ffect, squelch effect, and sound localization [ 17 –19 ]. Our
revious study reported that speech recognition ability of
chool-age children with UHL was decreased, compared with
hat of the age-matched children with NH in a noisy envi-
onment, but not in a quiet environment [20] . This suggest-
ng that preschool-age children with UHL encounter difficul-
ies in understanding speech in noisy environments. There-
ore, it is possible that the acquisition of language is delayed
n preschool-age children with UHL, because UHL prevents
pment of receptive vocabulary and verbal intelligence in Japanese children 
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Fig. 4. Changes in the scaled score (SS) of PVT-R in children with unilateral severe-to-profound hearing loss (UHL) after school attendance. 
(a) Children with UHL whose preschool SS was below 6 ( n = 8). (b) Children with UHL whose preschool SS was over 7 ( n = 7). ∗p = 0.019. 

Fig. 5. Changes in the verbal intelligence quotient (VIQ)/verbal comprehen- 
sion index (VCI) score in children with unilateral severe-to-profound hearing 
loss (UHL) after school attendance. Preschool: n = 8, after school attendance: 
n = 11. ∗ p = 0.005. 
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hildren from hearing speech sound, vocabulary, and gram-
atical structure of language to the degree necessary for lan-

uage acquisition in noisy environments at home and at a day
ursery. 
Please cite this article as: T. Takeyama, A. Shimada, Y. Sakamoto et al., Develo
with unilateral hearing loss, Auris Nasus Larynx, https:// doi.org/ 10.1016/ j.anl.20
In the PVT-R, the mean SS of 6.8 of children with UHL
t preschool-age was increased to 8.9 after school admission.
n the subgroup analysis, the mean SS of 4.6 in the lower re-
eptive vocabulary group (SS of ≤ 6) of children with UHL
8/15, 53%) at preschool-age was increased to 7.1 after school
ttendance. The mean SS of 9.3 in the normal and higher re-
eptive vocabulary group (SS of ≥ 7) of children with UHL
7/15, 47%) at preschool-age was 11.0, which is still around
he standardized mean of SS (10) after school admission.
hese findings suggest that more than half of children with
HL had a delay in receptive vocabulary at preschool-age,
hich improved after school admission. VIQ/VCI score of
6.1 in children with UHL at preschool-age was increased
o VCI score of 103.1 after school admission. These findings
uggest that the delayed development of verbal intelligence in
hildren with UHL at preschool-age also improved to normal
evelopment after school admission. All these findings sug-
est that the development of receptive vocabulary and verbal
ntelligence was delayed in preschool-age children with UHL
nd that most of them caught up exhibit normal language
bility after school admission. 

In the present study, no children with UHL used a hear-
ng aid or an FM system in classrooms. Lieu, et al. reported
hat despite school-age children with unilateral hearing loss
ho did not received any form of auditory amplification, their
IQ significantly increased, and vocabulary score tended to

ncrease over time, suggesting that school-age children with
nilateral hearing loss improve their language skills at a faster
ate than their age-matched peer [21] . Therefore, it is sug-
ested that the catch-up mechanism improves the receptive
bility of the vocabulary in the lower receptive vocabulary
roup of children with UHL in the present study. Lieu, et al.
lso reported that VIQ improved in school-age children with
pment of receptive vocabulary and verbal intelligence in Japanese children 
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nilateral hearing loss who received individualized education
21] . Although children with UHL in the present study did not
eceive any specific education plans, in Japanese elementary
chool classrooms, a preferred seating was recommended for
hildren with unilateral deafness when facing a hearing ear
oward the teacher, who acknowledged that unilateral deafness
s a hearing disability and sometimes provide educational as-
istance for them. The cares may facilitate compensation of
he delay in the development of language in children with
HL in the present study. However, three children with UHL

two in the lower receptive vocabulary group and one in the
ormal and higher receptive vocabulary group before school
dmission) who showed low scores of SS ( ≤ 6) after school
dmission still had a delay in receptive vocabulary. 

Speech and language delays have been suggested to occur
n some children with unilateral hearing loss, but it is un-
lear whether the children catch up as they grow older [ 2 , 3 ].
ecently, universal newborn hearing screening has been im-
lemented, and unilateral congenital deafness can be identi-
ed shortly after birth. The present longitudinal study sug-
ested that children with UHL were at a risk of language
elay at preschool-age and that most of them caught up after
hey entered elementary school. Appropriate early interven-
ions are expected helpful to facilitate the catch-up. Recom-
ended intervention for children with unilateral deafness is

sually preferential classroom seating at a minimum distance
rom the teacher with the normal hearing ear oriented towards
he teacher. However, our previous study suggested that even
t a typical preferred seating, the speech recognition ability of
chool-age children with UHL was decreased in noisy work-
ng classrooms of elementary school [19] . 

Contralateral routing of signals and bone-anchored hearing
ids effectively address the head shadow effect, but not restore
ilateral auditory input in children with unilateral deafness
 22 , 23 ]. Cochlear implantation may be an effective treatment
ption for children with unilateral deafness, but a high level
f evidence is lacking [24] . The FM system, a personal as-
istive device that is used as a school-based intervention for
hildren with hearing loss, amplifies the teacher’s voice rel-
tive to the background noise [25] . In our previous study,
n FM receiver fitted into the normal hearing ear improved
he speech recognition ability of children with UHL in noisy
nvironment, such as the listening condition in elementary
chool classrooms [20] . Therefore, the FM system may fur-
her facilitate compensation of the delay in the development
f language in children with unilateral deafness after school
dmission, although this hypothesis needs to be proved in fur-
her studies. Moreover, the screening of children with UHL
ho have a delayed language development and the appropri-

te timing of the intervention for the catch-up also have to
e clarified in further studies. 

. Conclusion 

In conclusion, the development of receptive vocabulary in
he PVT-R and verbal intelligence, but not performance in-
elligence in the Wechsler Intelligence Scale was delayed in

ore than half of the preschool-age children with UHL. How-
Please cite this article as: T. Takeyama, A. Shimada, Y. Sakamoto et al., Develo
with unilateral hearing loss, Auris Nasus Larynx, https:// doi.org/ 10.1016/ j.anl.20
ver, children with UHL who had delays in the development
f language at preschool-age caught up in term of vocabulary
nd verbal intelligence after school admission. Further studies
re needed to determine what kinds of auditory amplification
r educational assistance are effective in compensating for
he delay in language development in children with unilateral
eafness. 
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