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Introduction

 Hearing screening programs implemented by the 
national health services of various countries focus 
primarily on infants, but hearing problems are also 
common in school-aged children. Niskar et al.1 
evaluated hearing levels in 6166 children aged 
between 6 and 19 years and found that approximately 
14.9% of U.S. children have low- or high-frequency 
hearing loss in one or both ears. Unlike infants, 
school-aged children are not systematically 
screened in most countries and, thus, slight or mild 
hearing loss is potentially overlooked. Moreover, 
children with slight or mild hearing loss are assumed 
to exhibit slight handicap tendencies and to require 
no special assistance with their educations. Current 
evidence challenges this assumption and suggests 
that children suffering from slight hearing loss may 
have significant academic and communicative 
difficulties. According to the American Speech-
Hearing-Language Association, hearing loss may 
affect children in four major ways:

1. Hearing loss can cause a delay in the development 
of receptive and expressive communication 
skills (speech and language);

2.	 The language deficit can cause learning 
problems that result in reduced academic 
achievement;

3.	 Communication difficulties can lead to social 
isolation and poor self-concept;

4.	 Hearing loss may have an impact on vocational 
choices.

Therefore, obligatory hearing screening programs 
in pre-school and school-aged children are strongly 
recommended. 

Hearing loss is an insidious condition resulting 
in communication problems that can ultimately 
interfere with learning and social development.2,3 
Children with minimal hearing impairment are 
considered to be at high risk for communication 
and educational difficulties.3

Eustachian tube dysfunction is accepted as one 
of the etiological factors in conductive hearing loss 
(CHL). Rudolph4 reported that abnormal or 
impaired eustachian tube function is more common 
in children with high palatal arches (constricted 
maxillary arches), as well as malformations of the 
palate and nasopharynx, which might predispose 
them to otitis media. Laptook5 reported CHL up to 
50 decibels (dB) in a child with a constricted 
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sinusitis; adenoid hyperplasia; signs of acute, 
chronic, or recurrent middle ear infection; tympanic 
perforation; or surgical history regarding a 
ventilation tube or adenoidectomy. 

Pure-tone audiometric records were taken by an 
audiologist in a room isolated from outside noise 
interference and evaluated by an otorhino
laryngologist. Pure-tone air-conduction thresholds 
at all speech frequencies of 250, 500, 1000, 2000, 
4000, and 8000 Hz were determined separately for 
each ear, and pure tone bone-conduction thresholds 
and air-bone gaps were determined at all frequencies 
except 250 Hz. Because high frequencies are 
affected by middle ear mass and inner ear nerve 
damage, the measurements at speech frequencies of 
4000 and 8000 Hz were excluded. Descriptive 
values were computed for the air-conduction 
thresholds at 250, 500, 1000, and 2000 Hz and 
bone-conduction thresholds and air-bone gaps at 
500, 1000, and 2000 Hz (Table 1) and used for 
statistical analysis. 

The hearing levels of the subjects were classified 
according to the Hearing Loss Classification of the 
American Speech-Hearing-Language Association. 
According to this classification, -10 to 15 dB 
indicates normal hearing, 16 to 25 dB slight hearing 
loss, 26 to 40 dB mild hearing loss, 41 to 55 dB 
moderate hearing loss, 56 to 70 dB moderately 
severe hearing loss, 71-90 dB severe hearing loss, 
and > 90 profound hearing loss.

Statistical analysis

All statistical analyses were performed using the 
SPSS software package program (SPSS for 

maxillary arch and mouth breathing. Maxillary 
constriction as a manifestation of skeletal 
developmental syndrome is one of the most 
common orthodontic problems to occur in the 
maxillofacial region. The main specific features of 
this syndrome are skeletal palatal constriction and 
deficiency, deep palatal vault, narrowed maxillary 
arches, and posterior crossbite.6 This syndrome also 
exhibits specific rhinological characteristics: 
decreased nasal permeability resulting from nasal 
stenosis, elevation of the nasal floor, breathing 
through the mouth, and enlargement of nasal 
turbinates with decreased nasal airway size.5

However, no controlled clinical study has been 
conducted to evaluate the relationship between 
CHL and the presence of a narrowed maxilla with 
deep palatal vault, which may result in a social 
handicap for affected school children. This study 
aims to determine whether children with narrowed 
maxillary arches have CHL.

Materials and methods 

A total of 60 children aged between 7 and 15 years 
were selected from among the patients referred to 
the Orthodontic Department of the Dental Faculty 
at Ataturk University for various reasons. The study 
group consisted of 32 children with bilateral 
posterior cross-bite and maxillary transverse 
deficiency, constricted upper dental arch, and high 
palatal vault (Figures 1, 2), which were determined 
by clinical examination and orthodontic stone 
cast  evaluation. The control group consisted of 
28 children without any maxillary deficiency. The 
children in both groups had no allergic rhinitis or 

Figure 2
Palatal view of a constricted maxilla and deep palatal vault

Figure 1
Intraoral view of a patient with maxillary constriction and 
bilateral cross-bite.
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declined, whereas the prevalence of children with 
minimal loss seems to be increasing. Such losses 
include unilateral sensorineural, mild bilateral 
sensorineural, and bilateral CHL. Generally, 
children with minimal hearing loss do not receive 
sufficient attention from their physicians, 
audiologists, or educators.7 Minimal to mild CHL 
has been documented to be the most common 
hearing impairment in primary school children,8 
and a child’s hearing ability influences the 
development of communication and behavioral 
skills that affect their educational experience and 
relationships with other people. Even slight or mild 
hearing loss has been found to be detrimental to the 
school performance of an affected child.9

A typical classroom presents a very difficult 
situation for a child with impaired hearing. 
Background noise, reverberation, and distance 
from the speaker can interfere with accurate speech 
perception.10 Hearing loss may reduce speech 
perception, which may result in speech and 
language delay. All of these factors give rise to 
reduced academic achievements and reduced self-
esteem, and isolation tendencies may develop as a 
consequence.

The present study demonstrated that children 
with maxillary transversal deficiency are more 
prone to CHL than those who have a normally 
developed maxilla. The slight or mild CHL 
observed in the present study may be explained by 
the anatomical and functional associations between 
the eustachian tube and levator and tensor veli 
palatini muscles. These muscles originate at or near 
the pharyngeal orifice of the eustachian tube and 
end in the soft palate.11 The tensor veli palatini 
muscle, which is the only active muscle to open the 
eustachian tube, promotes ventilation of the middle 
ear. The levator veli palatini muscle may help dilate 
the anterior-most portion of the tube.12 The 
relationship between the tensor veli palatini muscle, 
middle ear aeration, and tubal function has been 

Windows 98, version 10.0, SPSS Inc, Chicago, IL). 
Descriptive statistics were computed for pure-tone 
air- and bone-conduction thresholds and air-bone 
gaps in each group. The Kolmogorov-Smirnov test 
was used to test normality, and all parameters in 
both groups had a normal distribution (p < 0.05). 
Between-group comparisons were performed with 
the Student’s t test. 

Results

The age range was 11 to 15 years (mean ± SD = 
13.52 ± 0.93) in the study group and 7 to 15 years 
(12.94 ± 2.40) in the control group. No significant 
difference was found in the mean age of the groups 
(p = 0.209). Mean pure tone air- and bone-
conduction thresholds and air-bone gaps in both 
groups and their between-group comparisons are 
shown in Table 1. 

Air-bone gap measurements, which demonstrate 
the level of hearing loss, ranged from 5.50 to 
14.50 dB (mean 10.49 dB) in the control group and 
from 5 to 24 dB (mean 14.80 dB) in the study group 
(Figures 3, 4). According to the Hearing Loss 
Classification of the American Speech-Hearing-
Language Association, 14 children (43.8%) in the 
study group had slight CHL and the remaining 
18  children (56.2%) had normal hearing levels. 
However, some of the children in this group had 
moderate CHL at 250 and 500 Hz. In the control 
group, all subjects had normal hearing levels. 

Statistical analysis revealed that the children 
with maxillary constriction had significantly higher 
air-conduction (p < 0.001) and bone-conduction 
thresholds (p < 0.01) and greater air-bone gaps 
(p < 0.001) than the control group (Table 1). 

Discussion

In recent years, the number of children suffering 
from severe to profound hearing loss seems to have 

Table 1
Descriptive values for the pure tone air- and bone-conduction thresholds and air-bone gaps in each group  

and their between-group comparisons
Maxillary constriction group Control group P-value

Mean S.D. Min. Max. Mean S.D. Min. Max.
Air-conduction thresholds 16.50 5.31 5.00 27.5 10.97 2.21 5.50 15.00 0.000
Bone-conduction thresholds 1.70 1.90 0.00 6.50 0.48 0.59 0.00 1.25 0.002
Air-bone gap 14.80 4.39 5.00 24.00 10.49 2.01 5.50 14.50 0.000
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narrowness may be at high risk for the development 
of slight or mild CHL.
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School children should be screened to detect the 
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Figure 4
Box plot graphs of air-bone gaps (Whiskers indicate minimum 
and maximum values).
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