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ORIGINAL ARTICLE

Dental Arch Dimensions of Nigerian Children with 
Hypertrophied Adenoids 

ABSTRACT

Objective: The study objective was to assess the effect of adenoid hypertrophy on the dental arch dimensions of children in Ile-Ife, 
Nigeria.  

Methods: Ninety patients aged 3-12 years attending the Otorhinolaryngology Clinic at Obafemi Awolowo University Teaching Hospi-
tal Ile-Ife diagnosed as having hypertrophied adenoids and 90 children from the Child Dental Health Clinic were recruited as adenoid 
and control subjects respectively. Arch and palatal vault dimensions, including total arch length; inter-canine, inter-premolar, and 
inter-molar widths; palatal length; and palatal heights measured at three levels and palatal volume were determined for both groups 
from dental casts.

Results: Maxillary arch dimensions were shorter in the adenoid group than the control group; however, only total maxillary arch 
length was significantly shorter (p=0.049). Mandibular arch dimensions with the exception of inter-molar width were significantly 
shorter in the adenoid group (p<0.05). Adenoid subjects had significantly increased palatal heights at canine, premolar, and molar 
levels and reduced palatal volume compared to the control subjects (p<0.05).  

Conclusion: Adenoid subjects demonstrated shorter maxillary and mandibular arch dimensions compared with control subjects, 
with the differences being more evident in the lower arch. They also exhibited increased palatal heights at all levels and reduced 
palatal volume compared with control subjects. 

Keywords: Adenoids, dental arch dimensions, mouth breathing, malocclusion

INTRODUCTION

Postnatal facial growth is a multifunctional and complex phenomenon that is influenced by both genetic and 
environmental factors. An increasing amount of evidence suggests that environmental influences may alter the 
growth of facial structures, and these structures show varying degrees of recovery when the abnormal stimulus 
is removed (1,2). Studies on the contribution of the environment to facial development have demonstrated an 
association between airway obstruction and undesirable variations in facial form (3,4). The effect of environ-
mental factors such as enlarged adenoids, allergic rhinitis, choanal atresia, and enlarged tonsils on facial growth, 
although controversial, has been documented (5,6).

The adenoid, which is a conglomerate of lymphatic tissue in the posterior nasopharyngeal airway, is a normal 
mass or clump of lymphoid tissue whose size varies among children and in the same individual as he or she 
grows (7). This mass of lymphoid tissue decreases in size with growth of the nasopharynx, and the immunolog-
ical activities of the adenoids follow a rhythm that decreases as the child grows (8). However, if these adenoidal 
lymphoid tissues become hypertrophied relative to the size of the nasopharynx, they produce harmful effects 
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such as constriction of the airway, thereby leading to impairment 
of nasal respiration and hence altered respiratory pattern (9).

Studies have provided evidence for the role of breathing dys-
functions in abnormal dentofacial growth (10). Altered respira-
tory pattern leading to mouth breathing has been reported as a 
cause of abnormal craniofacial development, and this has been 
associated with the controversial “adenoid facie” also known 
as Long-face Syndrome or Respiratory Obstruction Syndrome 
(4,7,11). This syndrome is said to be characterized by various 
features, including a vertically long lower facial height, narrow 
alar bases, lip incompetence, narrow arch width dimensions, a 
narrow or v-shaped maxillary arch with high palatal vault, pro-
truding teeth, and a post-normal relation between the upper 
and lower jaws (12).

Dental arch dimension is a function of several factors, includ-
ing race, ethnicity, genetics, and environment, the knowledge 
of which plays an important role in orthodontic diagnosis and 
treatment planning (13). The ability to identify a suitable arch 
form and dimension is key to achieving a stable, functional, and 
aesthetic dental arch in orthodontic diagnosis and treatment. 
Failure to customize the arch form creates the probability of re-
lapse and can lead to poor treatment prognosis or outcome (14). 

Linder-Aronson et al. (15) demonstrated varying degrees of re-
covery from steep mandibular plane angle, narrow maxillary 
arches, and retroclined mandibular incisors 5 years after ade-
noidectomy and a change from mouth to nose breathing. After 
adenotonsillectomy, Petraccone Caixeta et al. (5) also reported 
that mouth-breathing children showed greater maxillary trans-
verse development than did the untreated controls. Patients 
with enlarged adenoids are likely to require orthodontic treat-
ment to correct the dental irregularities that may be associated 
with their condition, and it is therefore imperative that a refer-
ence dataset for these patients among the Nigerian population 
be established. A search through the literature showed a paucity 
of information on the relationship between hypertrophied ade-
noids and dental arch dimensions in the Nigerian population (9). 
This study was therefore undertaken to assess the dental arch 
dimensions of subjects with hypertrophied adenoids in the pri-
mary and mixed dentition in Ile-Ife, Nigeria, and compare these 
with normal subjects without adenoid hypertrophy. 

METHODS

This was a cross-sectional study carried out at the Obafemi 
Awolowo University Teaching Hospital Complex (O.A.U.T.H.C), 
Ile-Ife, Osun State, South Western Nigeria. The study population 
consisted of one hundred and eighty children in the primary and 
mixed dentition stage between the ages of 3 and 12 years. The 
experimental group consisted of ninety children attending the 
Ear, Nose and Throat Clinic of the hospital who had been diag-
nosed clinically and radiographically as having hypertrophied 
adenoid. The control group consisted of ninety children recruit-
ed from patients attending the Child Dental Health Clinic of the 
O.A.U.T.H.C. They were interviewed to rule out any clinical pre-
sentations of adenoidal hypertrophy. 

A sample size of 174 subjects was required for the study in order 
to detect a statistically significant difference of 20% in arch di-
mensions between the study groups at 80% power and p<0.05. 
This was rounded up to 180. Other inclusion criteria included 
no previous history of orthodontic treatment or adenoidecto-
my and both parents being of Nigerian descent. Patients with 
developmental anomalies such as cleft lip/palate and patients 
not consenting to take part were excluded from the study. Par-
ticipants were consecutively recruited into the study until the 
required sample size was attained. 

Both of the study populations were divided into three age 
groups: 1) Primary dentition category consisting of 3–5 year olds, 
2) Early mixed dentition category consisting of 6–8 year olds, and 
3) Late mixed dentition/early permanent category consisting of 
9–12 year olds.

Ethical approval was obtained from the Ethical Review Commit-
tee of O.A.U.T.H.C. Informed consent was obtained from the par-
ents of study participants and assent from the children after duly 
explaining the study objectives, data collection procedure, confi-
dentiality of data collected, benefits, risks, and discomfort of the 
procedure. Participants were informed of the voluntary nature of 
participation and that they had the freedom to withdraw from 
the study at any time. 

Demographic and anthropometric data were collected for all 
participants, and impressions of the upper and lower arches of 
each participant were made by the investigator after clinical 
dental examination using appropriate-sized disposable trays to 
include all teeth present and the lingual and buccal sulci. Dental 
casts were thereafter fabricated immediately using dental stone. 
Each participant’s bite was registered using a thin wax wafer.

Measurements on Dental Casts
Reference points for the arch measurements were made on the 
dental casts using sharpened pencils at the cusp tips of the pri-
mary canines and the mesio-buccal cusp tips of the primary first 
molars and primary second molars and on the canine tips, the 
tips of the buccal cusps of the first premolars, and on the me-
sio-buccal cusp tips of the first permanent molars. The dimen-
sions of the maxillary and mandibular dental arches were mea-
sured using a dental caliper to the nearest 0.1 mm following the 
parameters described by Bishara et al. (16).

The following parameters were evaluated:

Arch length: The sum of the anterior and right and left poste-
rior arch lengths for both the maxillary and mandibular dental 
arches.

Arch width 
Inter-canine width: The distance between the right and left 
cusp tips of the primary and permanent canines for deciduous 
and permanent dentitions, respectively.

Inter-premolar width: The distance between the mesio-buccal 
cusps tips of the right and left first primary molar in the decidu-
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ous dentition and the buccal cusps of the first premolars in the 
permanent dentition.

Inter-molar width: The distance between the mesio-buccal 
cusps tips of the second primary molar and the first permanent 
molars in the deciduous and permanent dentitions, respectively.

Palatal length 
The distance from the midpoint of the most labial point of the 
central incisors to the point bisecting the line joining the distal 
surfaces of the maxillary first permanent molars or second pri-
mary molars.

Palatal Height Dimensions
The height of the palate was recorded at three different lev-
els on the maxillary models using a profile gage to record the 
cross-sectional shape of the palate at the canine and first and 
second primary molar regions for the deciduous dentition and 
the first premolar and first permanent molar regions in the per-
manent dentition (17). The corresponding palatal heights were 
measured off the profile gauge with a steel ruler. 

Palatal Volume
Palatal volume was calculated using the formula:
V=M/D. 
V=volume occupied by the silicone within the stone model.
M=mass of the silicone within the palatal vault 
D=density of the silicone; given by the manufactures as 1.45. 

Very high viscosity condensation-type silicone impression materi-
al (Silibest; BMS dental, Pisa, Italy) was used. To obtain the mass of 
the silicone material, the upper model was sliced distal to the first 
permanent upper molar or the second primary molar, the end of 
the cast was blocked with wax, and the cast was weighed using 
an electronic professional laboratory scale. The silicone impres-
sion material was placed in the palatal cavity of the model, limited 
by the palate, teeth, posterior dental wax, and the occlusal plane. 
The occlusal plane was found by pushing the stone model filled 
with the soft putty silicone impression material down onto a glass 
slab until the glass slab touched the incisal edges of the maxillary 
central incisors and the mesiopalatal cusps of the molars (17). The 
maxillary model with the silicone material was then weighed. The 
initial weight of the model was subtracted from the final weight 
of the model with the silicone to obtain the silicone mass. The vol-
ume for each palate was then calculated as the mass of the sili-
cone divided by the density (18). 

Reliability of the Study
All measurements on the dental casts were carried out using a 
dental caliper calibrated to the nearest 0.1 mm. A professional 
laboratory electronic scale was used to determine the mass of 
the silicone impression material. This scale had been calibrated 
to the nearest 0.01 g. 

To reduce measurement errors, only the principal investigator 
carried out the measurement and assessment of all required pa-
rameters. The study models were assessed twice, and individual 
measurement that differed by more than 0.1 mm were measured 
a third time to resolve the discrepancy.

Ten dental casts were randomly selected after a two-week in-
terval from the first round of measurement, and the same mea-
surements were made to determine the intra-observer error. The 
test-retest reliability was calculated for the investigator, and the 
correlation coefficient was found to be 0.85.

Data Analysis
Statistical analysis was carried out with IBM SPSS Statistics for 
Windows Version 20.0 (IBM Corp.; Armonk, NY, USA). Frequen-
cies and mean values (with their standard deviations) of vari-
ables were generated. Association between discrete variables 
was tested using the chi-square test. The association between 
continuous variables was tested using the independent samples 
t-test and analysis of variance (ANOVA). Statistical significance 
was inferred at p<0.05.

RESULTS

A total of one hundred and eighty children participated in this 
study, including 93 (51.7%) boys and 87 (48.3%) girls. The age 
range was 3-12 years with a mean age of 6.89±2.43 years. There 
was no statistically significant difference between the mean 
ages of boys and girls in either the adenoid or control groups. 
The demographic characteristics of the study populations are 
shown in Table 1. The 3–5 years age group constituted 35% of 
the total population, the 6-8 years group constituted 40.56%, 
and the 9-12 year group constituted 24.44%. 

Dental Arch Dimensions of the Adenoid and Control Groups
Comparisons of maxillary and mandibular arch dimensions in 
adenoid and control subjects are presented in Table 2. Maxillary 
arch dimensions in the adenoid group were consistently shorter 
compared to the control group, but only the difference in total 
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Table 1. Demographic characteristics of the study population

                                Adenoid group                                  Control group 

Age group                           Male                            Female                            Male                       Female                            Total

(years) N (%) N (%) N (%) N (%) N (%0)

3-5 26 (14.44) 15 (8.33) 14 (7.78) 8 (4.44) 63 (35.0)

6-8 21 (11.67) 13 (7.22) 12 (6.67) 27 (15.0) 73 (40.56)

9-12 8 (4.44) 7 (3.99) 12 (6.67) 17 (9.44) 44 (24.44)

Total 55 (30.56) 35 (19.44) 38 (21.11) 52 (29.0) 180 (100)

χ2=16.02; df=6; p=0.013



maxillary arch length reached statistical significance (p=0.049). 
All of the mandibular arch dimensions with the exception of in-
ter-molar width were significantly shorter in the adenoid group 
compared with the control (p<0.05). Palatal vault measurements 
showed that the adenoid subjects had shorter palatal length; 
increased palatal heights at the canines, premolars, and molars; 
and reduced palatal volume compared to the control subjects. 
These differences were significant for palatal heights at all levels 
of measurement and palatal volume (p<0.05).

Age Groups and Arch Dimensions 
Age group comparisons of arch dimensions between adenoid 
and control subjects are shown in Tables 3 and 4. All maxillary and 
mandibular arch dimensions were shorter in the adenoid group 
compared to the control group with the exception of maxillary 
inter-molar width in the 3-5 year age group and the total max-
illary arch length and mandibular inter-premolar width in the 
9-12 year age group. However, none of the differences reached 
statistical significance in the various age groups (p>0.05) (Table 
3). Palatal lengths were greater in the adenoid group compared 
with control subjects in the 3–5 year and 9–12 year age groups, 
but the difference was significant only in the 9-12 year groups 
(Table 4). Palatal heights at all levels were significantly great-
er in adenoid subjects compared to control subjects in all age 
groups except at the canine level in the 3-5 year age group. The 
palatal volume was consistently lower in adenoid subjects in all 
age groups, but the differences were not statistically significant 
(p>0.05).

ANOVA comparing all arch dimensions in different age groups in 
adenoid subjects showed statistically significant increases in all 
arch dimensions across the three age groups, and the increases 

were greater with increasing age (p≤0.001). However, Duncan 
post hoc tests showed that there was no significant difference 
in inter-canine widths or palatal volume between the 6-8 year 
group and the 9-12 year group.

Gender comparisons of arch dimensions among adenoid and 
control subjects showed that arch dimensions were shorter 
among both male and female adenoid subjects compared to 
their counterpart control subjects (Table 5). The differences in 
arch dimensions did not reach statistical significance among the 
male subjects (p>0.05). Among female subjects, significant dif-
ferences were observed in total maxillary arch length and in all 
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Table 2. Comparison of arch dimensions of adenoid and control subjects

 Adenoid group  Control group 
 (n=90)  (n=90) 
 mean±sd mean±sd 
Arch dimensions  (cm)  (cm) t-test p

Maxillary arch 

Total arch length 6.61±0.75 6.82±0.68 -1.98 0.049*

Inter-canine width 3.25±0.36 3.29±0.46 -0.68 0.497

Inter-premolar width 3.77±0.35 3.81±0.32 -0.92 0.360

Inter-molar width 4.44±0.40 4.47±0.41 -0.62 0.535

Mandibular arch

Total-arch length 5.84±0.69 6.18±0.62 -3.56 0.005*

Inter-canine width 2.65±0.32 2.80±0.40 -2.79 0.006*

Inter-premolar width 3.29±0.35 3.39±0.31 -1.99 0.048*

Inter-molar width 4.02±0.46 4.06±0.46 -0.47 0.639

Palatal vault dimensions

Palatal length 3.92±0.52 3.94±0.43 -0.33   0.740

Height at canines 0.59±0.15 0.50±0.15 4.06 <0.001*

Height at premolars 1.42±0.22 1.24±0.18 5.71   0.001*

Height at molars 1.43±0.26 1.28±0.19 4.53 <0.001*

Palatal volume 5.00±1.37 5.66±1.80 -2.77   0.006*

 *Statistically significant

Table 3. Comparison of arch dimensions of adenoid and control subjects 
by age groups

 Adenoid group  Control group 
 (n=90)  (n=90) 
 mean±sd mean±sd 
  (cm)  (cm) t-test p

3-5years (n=41) (n=22) 

Maxillary arch 

Total arch length  5.14±0.56  6.08±0.56  0.93  0.356

Inter-canine width  2.88±0.52  3.05±0.27  1.72  0.089

Inter-premolar width 3.63±0.27  3.65±0.40  -0.23  0.815

Inter-molar width  4.19±0.29  4.10±0.40   1.02  0.313

Mandibular arch 

Total arch length  5.23±0.42  5.33±0.32  -0.43  0.671

Inter-canine width  2.50±0.28  2.55±0.45  -0.61  0.547

Inter-premolar width 3.19±0.27  3.20±0.29  -0.07  0.943

Inter-molar width  3.67±0.28 3.78±0.35  1.28  0.204

6-8 years  (n=34) (n=39) 

Maxillary arch 

Total arch length  6.94±0.59  7.00±0.65   0.51  0.610

Inter-canine width  3.32±0.41  3.38±0.34  -0.81  0.418

Inter-premolar width 3.81±0.33  3.82±0.23  -0.14  0.890

Inter-molar width  4.49±0.32 4.58±0.39   1.04  0.300

Mandibular arch 

Total arch length  6.17±0.56  6.29±0.40  -1.14  0.259

Inter-canine width  2.74±0.28  2.90±0.34  -1.88  0.064

Inter-premolar width 3.29±0.32  3.37±0.27  -1.09  0.278

Inter-molar width  4.08±0.49  4.18±0.49  0.83  0.410 

9-12 years  (n=15) (n=29) 

Maxillary arch 

Total arch length  7.32±0.53  7.25±0.40   0.47  0.638

Inter-canine width  3.49±0.38 3.63±0.45   1.09  0.283

Inter-premolar width 3.93±0.33  4.07±0.37   1.19  0.241

Inter-molar width  4.74±0.32  4.79±0.29   0.53  0.600

Mandibular arch 

Total arch length  6.58±0.19  6.68±0.28  -1.18  0.244

Inter-canine width  2.85±0.32  2.86±0.26  -0.02 0.964

Inter-premolar width 3.57±0.49 3.57±0.28  -0.02 0.984

Inter-molar width  4.32±0.28  4.36±0.27   0.04 0.688

 *Statistically significant



mandibular dimensions with the exception of inter-molar width 
(p<0.05). 

Intra-group gender comparisons of maxillary and mandibular 
arch dimensions of adenoid subjects showed that all dimensions 
were shorter in female adenoid subjects compared to male ade-
noid subjects, and these differences were statistically significant 
in the maxillary and mandibular inter-premolar widths and max-
illary inter-molar widths (p<0.01).

Comparisons of palatal vault dimensions in male and female 
adenoid and control subjects are as shown in Table 6. Palatal 
heights at all levels were significantly greater in male and female 
adenoid subjects compared to control subjects (p<0.005). Pal-
atal volume was significantly lower in female adenoid subjects 
compared with female control subjects (p=0.02). Intra-group 
gender comparison of palatal vault dimensions in adenoid sub-
jects showed that palatal vault dimensions were generally lower 
in female adenoid subjects compared with male subjects. How-
ever, the differences were not statistically significant.

DISCUSSION

The effect of mode of breathing on the craniofacial structures 
has been a widely debated and controversial issue in orthodon-
tics (19). This study was carried out to evaluate the arch dimen-
sions in patients with hypertrophied adenoids and to compare 
the findings with normal subjects. It was found that maxillary 
arch widths, although shorter, were not significantly different 

between adenoid and control subjects. This is in line with the 
reports of previous studies that did not find a significant rela-
tionship between maxillary dental morphology and mouth 
breathing due to enlarged adenoids (20). Conversely, some stud-
ies have also reported a significant relationship between narrow 
upper arch and oral breathing due to enlarged adenoids (5,14). 
They observed that children with obstructive adenoids had nar-
rower maxillary arch and increased incidence of posterior cross 
bites but had a significant maxillary transverse width gain com-
pared to the control groups after adenotonsillectomy.

The possible reason for this result for maxillary arch widths in this 
study might be due to differences in the degree of obstruction 
of the nasopharynx by the enlarged adenoids. That is, the size of 
adenoids varies from child to child and even in the same child as 
he or she grows (7). This difference in size and thus the degree 
of obstruction has been shown to impact significantly on dental 
development in these patients (21).

This study found significantly shorter lower arch dimensions in 
the adenoid subjects compared with the control group, which is 
similar to previous reports (3). Children with large adenoids and 
tonsils have been reported to have somatic growth impairment. 
Decreased mandibular growth (growth in width, length, and 
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Table 4. Comparison of arch dimensions of adenoid and control subjects 
by age groups

 Adenoid group Control group 
 (n=90)  (n=90) 
 mean±sd mean±sd 
  (cm)  (cm) t-test p

3-5years (n=41) (n=22) 

Palatal length (cm) 3.60±0.37 3.47±0.33  1.50  0.137

Height at canine (cm) 0.57±0.16 0.50±0.12  1.82  0.074

Height at premolar (cm) 1.38±0.20 1.18±0.16  4.13 <0.001*

Height at molar (cm) 1.38±0.24 1.25± 0.18 2.01  0.031*

Palatal volume (cm3) 4.43±1.65 4.47±1.31  0.08  0.938

 6-8 years  (n=34)  (n=39) 

Palatal length (cm) 3.99±0.43 4.07±0.29 -1.03  0.306

Height at canine (cm) 0.59±0.10 0.50±012  2.84  0.005*

Height at premolar (cm) 1.42±0.23 1.27±0.19  3.10  0.003*

Height at molar (cm) 1.44±0.26 1.30±0.20  2.48  0.016*

Palatal volume (cm3) 5.30±1.31 5.76±1.62 -1.32  0.192

 9-12 years  (n=15)  (n=29) 

Palatal length (cm) 4.63±0.26 4.13±0.41  4.29 <0.001*

Height at canine (cm) 0.66±0.18 0.49±0.20  2.73  0.009*

Height at premolar (cm) 1.49±0.27 1.26±0.17  3.56  0.001*

Height at molar (cm) 1.55±0.24 1.27±0.19  4.34 <0.001*

Palatal volume (cm3) 5.77±1.17 6.47±1.70 -1.39    0.171 

 *Statistically significant

Table 5. Gender comparison of arch dimensions in adenoid and control 
subjects

 Adenoid group Control group 
 (n=90)  (n=90) 
Palatal vault mean±sd mean±sd 
dimension  (cm)  (cm) t-test p

Male (n=55) (n=38)

Maxillary arch    

Total arch length 6.63±0.87  6.97±0.74  0.94 0.349

Inter-canine width 3.27±0.21 3.29±0.52  0.01 0.997

Inter-premolar width 3.85±0.37  3.89±0.33 -0.51 0.608

Inter-molar width 4.50±0.31 4.57±0.41  0.09 6.928

Mandibular arch 

Total arch length 5.85±0.72  6.08±0.66 -1.54 0.127

Inter-canine width 2.69±0.32  2.77±0.30 -1.18 0.213

Inter-premolar width 3.38±0.36  3.43±0.34 -0.61 0.543

Inter-molar width 4.10±0.43  4.10±0.40 -0.04 0.967

Female  (n=35)  (n=52) 

Maxillary arch 

Total arch length 6.54±0.53  6.85±0.65 -2.00 0.049*

Inter-canine width 3.19±0.28  3.30±0.42 -1.28 0.203

Inter-premolar width 3.64±0.26  3.76±0.31 -1.85 0.067

Inter-molar width 4.31±0.36  4.45±0.42 -1.62 0.109

Mandibular arch 

Total arch length 5.81±0.64  6.26±0.57 -3.40 0.001*

Inter-canine width 2.59±0.31  2.83±0.46 -2.64 0.010*

Inter-premolar width 3.15±0.30  3.36±0.29 -3.41 0.001*

Inter-molar width 3.92±0.48   4.03±0.50  -1.03 0.306

*Statistically significant



height) occurs as a result of the decreased nocturnal growth hor-
mone (GH) secretion seen in this group of patients (19). GH is re-
leased in a pulsatile fashion over a 24-h period, with the highest 
GH values being associated with the onset of slow-wave sleep. It 
has been shown that a reduced amount of slow-wave sleep oc-
curs in children with adenoid hypertrophy and that this results in 
a decrease in sleep-associated GH secretion (22). Other studies, 
however, found larger mandibular widths and larger mandibular 
arch lengths in adenoid subjects (5).

Palatal vault dimensions were also evaluated in this study, and 
palatal morphology differed between the adenoid and control 
subjects. Significant differences were observed in the palatal vol-
ume and palatal height at the three levels studied between ade-
noid and control groups, which is similar to previously published 
data (3). This finding of increased palatal heights in adenoid sub-
jects is similar to what has been documented in the literature 
about mouth-breathing subjects diagnosed with obstructive 
sleep apnea syndrome (OSAS) (23). Diouf et al. (6) also found 
that maxillary depth was significantly and positively correlated 
to tonsillar grade.

Children with OSAS are known to have craniofacial characteristics 
similar to those with large adenoids and tonsils such as increased 
palatal heights and lengths and shorter lower dental arch and 
an increased prevalence of posterior cross bites when compared 
to healthy normal subjects (24). The first treatment of choice for 
OSAS children is removal of the adenoids and tonsils (23).

This increase of the vertical dimension can be due to the in-
creased pressure in the oral cavity due to mouth breathing. 
Mouth breathing can cause long-term changes in the posture of 
the head, mandible, and tongue. These alter the equilibrium of 
pressures on jaws and teeth affecting both jaw growth and tooth 
position (11). On the other hand, there is the distinct possibility 
that patients with genetic tendency for a pattern of vertical facial 
growth and deep palate can develop mouth breathing (25).

Palatal volume was found to be significantly lower in the adenoid 
subjects. This is similar to the finding of reduced palatal volume 
in subjects with posterior cross bites who exhibit mouth breath-
ing or sucking habits (26). A recent report has shown increased 
palatal volume following the correction of the posterior cross 
bites in these patients (27). Reduced palatal volume connotes 
a corresponding reduction in tongue space on the palate. The 
clinical implication of this is that because it has been established 
that palatal volume decreases following orthodontic treatment 
requiring extractions, caution should be exercised in the pre-
scription of extraction for these patients during comprehensive 
orthodontic therapy. The option of maxillary expansion, which 
has been shown to produce increase in palatal volume, might be 
more appropriate.

After categorization into age groups, the mandibular and max-
illary arch lengths and widths of adenoid subjects showed no 
significant differences when compared to control subjects. This 
is different from what was documented by Shiva et al. (2) who 
reported shorter upper inter molar arch width dimensions in 
mouth-breathing subjects when compared to healthy control 
subjects among 8-12-year-old children. However, subjects in 
their study with mouth breathing from aetiological factors other 
than hypertrophied adenoids were also assessed. The maxillary 
inter-canine, inter-premolar, and inter-molar widths were found 
to be significantly and negatively correlated to tonsillar grade in 
a cross-sectional study of a group of children by Diouf et al. (6).

The arch dimensions of adenoid subjects followed the normal 
and expected pattern of dental development and increased 
from one dental age group to the next. However, no significant 
difference was found in inter-canine widths or palatal volume 
between 6–8 years and 9–12 years. Inter-canine width in the 
mandible might remain unchanged from mixed dentition to per-
manent dentition because growth cessation in the three planes 
of space follows a definite sequence in which growth declines to 
a slow rate as age increases. Growth in width is completed first, 
followed by growth in length, and finally growth in height. Com-
pletion of growth in the transverse plane tends to occur before 
the adolescent pubertal growth spurt and is therefore minimally 
affected by this (11). In the maxilla, the narrowing of the maxil-
lary arch due to enlarged tonsils and mouth breathing may have 
contributed to this observation.

If inter-canine widths are established as early as the age of 8 
years, attempts to change inter-canine width may ultimately 
lead to relapse. Previous studies on relapse have shown that 
post-orthodontic occlusal stability is enhanced through mainte-
nance of the original mandibular inter-canine width and preser-
vation of the original arch form (28,29).

Palatal length was evaluated and found to be significantly dif-
ferent only between adenoid and control subjects in the 9-12 
year age group and across different age groups in adenoid 
subjects. Normal growth changes could account for the latter 
observation. Gender comparisons also showed that male and 
female adenoid subjects had shorter maxillary and mandibular 
arch dimensions compared to their normal counterparts. These 
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Table 6. Gender comparison of palatal vault dimensions in adenoid 
and control subjects

 Adenoid group Control group 
 mean (cm) mean (cm) 
Palatal vault dimension ±sd ±sd t-test p

Male  (n=55) (n=38) 

Palatal length (cm) 3.96±0.51 3.87±0.49  0.63  0.410

Height at canine width (cm) 0.59±0.13 0.51±0.15  2.43  0.001*

Height at premolar width (cm) 1.44±0.22 1.27±0.19  3.98  0.001*

Height at molar width (cm) 1.45±0.26 1.31±0.20  2.40  0.001*

Palatal volume (cm3) 5.01±1.36 5.41±1.76 -1.23  0.227

Female  (n=35)  (n=52) 

Palatal length (cm) 3.85±0.53 3.99±0.36 -1.43  0.156

Height at canine width (cm) 0.60±0.17 0.43±0.45  3.12  0.003*

Height at premolar width (cm) 1.37±0.23 1.23±0.17  3.47  0.001*

Height at molar width (cm) 1.41±0.25 1.25±0.19  3.00  0.003*

Palatal volume (cm3) 4.97±1.42 5.84±1.84 -2.38  0.020*

*Statistically significant



differences reached statistical significance in the mandibular di-
mensions in female subjects, and palatal volume was also signifi-
cantly reduced among female adenoid subjects when compared 
with female control subjects. The possible reason for this finding 
is that although the skeletal airway is larger in males, the lym-
phoid tissue on the posterior pharyngeal wall is smaller in males 
compared to females (30). Hence, the same degree of obstruc-
tion by enlarged adenoids will produce more profound effects 
in females. 

Intra-group comparisons found that female adenoid subjects 
generally had shorter arch dimensions than male adenoid sub-
jects, and this is similar to what has been previously reported 
among normal Nigerian children and has been documented in 
other races (13,14,29). Girls are known to have greater suscepti-
bility to incisor crowding, especially mandibular incisor crowd-
ing during the early mixed dentition stage, because of smaller 
arch widths (11).

This study was not without limitations. Subjects selected for this 
study had their dental arch dimensions evaluated, but their na-
so-respiratory function, age of occurrence of nasal obstruction, 
and degree of obstruction were not evaluated, and each of these 
could also affect the degree to which the dental arch is altered 
(1). The current practice in the determination of the arch dimen-
sions is the use of digitized casts with 3-dimensional computer-
ized electromagnetic instrumentation, which have been shown 
to be the most accurate because subtle differences can be reg-
istered. The majority of study participants were also under the 
age of 9 years, and because adenoid tissue volume decreases as 
a child grows this may have affected our results (8).

From this study, it can be deduced that perhaps a simple cause 
and effect relationship between enlarged adenoids and pecu-
liar arch characteristics might not exist, and thus that the dental 
characteristics seen in patients with enlarged obstructive ade-
noids might result from a complex interaction between environ-
mental, genetic, and hormonal influences. An increasing amount 
of evidence supports this (1,2,12).

CONCLUSION

Based on the findings in this study, the following conclusions can 
be drawn:

The arch widths of adenoid subjects were shorter compared 
to normal subjects, and this difference between adenoid and 
control subjects was most obvious in the mandibular arch and 
among females.

The adenoid subjects showed increased palatal heights at ca-
nines, premolars, and molars and reduced palatal volume com-
pared to the control subjects. These differences were significant 
for palatal heights at all levels of measurement and palatal vol-
ume (p<0.05)

There was no significant difference in inter-canine widths and 
palatal volume between the 6–8 year and 9–12 year age groups.

Gender comparisons showed that arch dimensions (dental arch 
and palatal vault) were generally smaller in female adenoid sub-
jects compared to male adenoid subjects, and these differences 
were most apparent in the maxillary and mandibular inter-pre-
molar widths and the maxillary inter-molar width.

Ethics Committee Approval: Ethics committee approval was received 
for this study from the ethics committee of the Obafemi Awolowo Uni-
versity Teaching Hospitals Complex Ile-Ife. 

Informed Consent: Written informed consent was obtained from the 
parents of the patients and the patient who participated in this study.   

Peer-review: Externally peer-reviewed. 

Author Contributions: Concept - O.D.O. V.I.O., K.A.K., Y. B.A., B.O.O.; De-
sign - O.D.O., V.I.O., K.A.K., Y. B.A., B.O.O.; Supervision - O.D.O., K.A.K., Y. 
B.A., B.O.O.; Resources - V.I.O.; Materials - V.I.O.; Data Collection and/or 
Processing - V.I.O.; Analysis and/or Interpretation - V.I.O., K.A.K., O.D.O.; 
Literature Search - V.I.O.; Writing Manuscript - V.I.O., K.A.K., O. D.O., Y.B.A., 
B.O.O.; Critical Review - V.I.O., K.A.K., O.D.O, Y.B.A., B.O.O.

Conflict of Interest: No conflict of interest was declared by the authors.

Financial Disclosure: The authors declared that this study has received 
no financial support.

REFERENCES

1. Valera FC, Travitzki LV, Mattar SE, Matsumoto MA, Elias AM, Ansel-
mo-Lima WT. Muscular, functional and orthodontic changes in 
preschool children with enlarged adenoids and tonsils. Int J Pediatr 
Otolaryngol 2003; 67: 761-70. [CrossRef]

2. Shanker S, Henry WF, Beck FM, Vig PS, Vig KWL. A Longitudinal assess-
ment of upper respiratory function and dentofacial morphology in 
8- to 12-year-old children. Semin Orthod 2004; 10: 45-53. [CrossRef]

3. Linder-Aronson S. Adenoids. Their effects on mode of breathing, na-
sal airflow and their relationship to characteristics of facial skeleton 
and the dentition. A biometric, rhino-manometric and cephalomet-
ro-radiographic study on children with and without adenoids. Acta 
Otolaryng Suppl 1970; 255: 1-132.

4. Linder-Aronson S. Effects of adenoidectomy on dentition and naso-
pharynx. Am J Orthod 1974; 65: 1-15. [CrossRef]

5. Petraccone Caixeta AC, Andrade I Jr, Bahia Junqueira Pereira T, Fran-
co LP, Becker HM, Souki BQ. Dental arch dimensional changes after 
adenotonsillectomy in prepubertal children. Am J Orthod Dentofa-
cial Orthop 2014; 145:  461-8. [CrossRef]

6. Diouf JS, Ngom PI, Sonko O, Diop-Bâ K, Badiane A, Diagne F. Influ-
ence of tonsillar grade on the dental arch measurements. Am J Or-
thod Dentofacial Orthop 2015; 147: 214-20. [CrossRef]

7. Major MP, Flores-Mir C, Major PW. Assessment of lateral cephalo-
metric diagnosis of adenoid hypertrophy and posterior upper air-
way construction: a systematic review. Am J Orthod Dentofacial 
Orthop 2006; 130: 700-8. [CrossRef]

8. Sosa FG, Graber TM, Muller TP. Post pharyngeal lymphoid tissue in 
Angle Class l and Class ll malocclusions. Am J Orthod 1982; 81: 299-
309. [CrossRef]

9. Ogunleye AOA, Isa A, Awobem AA. Adenoids in Ibadan, Nigeria. Nig 
J Surg Res 2004; 6: 93-5.

10. Brasil DM, Kurita LM, Groppo FC, Haiter-Neto F. Relationship of cra-
niofacial morphology in 3-dimensional analysis of the pharynx. Am 
J Orthod Dentofacial Orthop 2016; 149: 683-91. [CrossRef]

48

Turkish J Orthod 2017; 30: 42-9Osiatuma et al. Dental Arch Dimensions in Children with Adenoids

https://doi.org/10.1016/S0165-5876(03)00095-8
https://doi.org/10.1053/j.sodo.2003.10.004
https://doi.org/10.1016/0002-9416(74)90153-5
https://doi.org/10.1016/j.ajodo.2013.12.018
https://doi.org/10.1016/j.ajodo.2014.10.028
https://doi.org/10.1016/j.ajodo.2005.05.050
https://doi.org/10.1016/0002-9416(82)90216-0
https://doi.org/10.1016/j.ajodo.2015.11.021


11. Proffit WR, Fields HW, Sarver DM. Contemporary Orthodontics. 4th 
ed. Mosby Elsevier. 2007; 3-129.

12. Wysocki J, Krasny M, Skarzyński PH. Patency of nasopharynx and 
a cephalometric image in the children with orthodontic problems. 
Int J Pediatr Otorhinolaryngol 2009; 73: 1803-9. [CrossRef]

13. Aluko IA, daCosta OO, Isiekwe MC. Dental arch widths in the early 
and late permanent dentition of a Nigerian population. Nig Dent J 
2009; 17: 7-11.

14. Kook YA, Nojima K, Moon HB, McLaughlin RP, Sinclair PM. Compari-
son of arch forms between Korean and North American white pop-
ulation. Am J Orthod Dentofacial Orthop 2004; 126: 680-6. [Cross-
Ref]

15. Linder-Aronson S, Woodside DG, Hellsung E, Emerson W. Normal-
ization of incisor position after adenoidectomy. Am J Orthod Den-
tofacial Orthop 1993; 103: 412-27. [CrossRef]

16. Bishara SE, Bayati P, Jakobsen JR. Longitudinal comparison of dental 
arch changes in normal and untreated class II, Division I subjects 
and their clinical implications. Am J Orthod Dentofacial Orthop 
1996; 110: 483-9. [CrossRef]

17. Zarringhalam M. Measuring palatal height in normal occlusion and 
malocclusions. J Dent (Tehran) 2004; 4: 39-42.

18. Heiser W, Niederwanger A, Bancher B, Bittermann G, Neunteufel N, 
Kulmer S. Three dimensional dental arch and palatal form changes 
after extraction and non-extraction treatment. Part 2. Palatal vol-
ume and height. Am J Orthod Dentofacial Orthop 2004; 126: 82-90. 
[CrossRef]

19. Peltomäki T. The effect of mode of breathing on craniofacial growth 
– revisited. Eur J Orthod 2007; 29: 426-9. [CrossRef]

20. Watson RM, Warren DW, Fischer ND. Nasal resistances skeletal clas-
sification and mouth breathing in orthodontic Patients. Am J Orth-
od 1968; 54: 367-79. [CrossRef]

21. Tourné LP. Growth of the pharynx and its physiologic implications. 

Am J Orthod Dentofacial Orthop 1991; 99: 129-39. [CrossRef]
22. Vontetsianos HS, Davris SE, Christopoulos GD, Dacou-Voutetakis C. 

Improved somatic growth following adenoidectomy and tonsillec-
tomy in young children. Possible pathogenetic mechanisms. Hor-
mones (Athens) 2005; 4: 49-54. [CrossRef]

23. Pirilä-Parkkinen K, Pirttiniemi P, Nieminen P, Tolonen U, Pelttari U, 
Löppönen H. Dental arch morphology in children with sleep-disor-
dered breathing. Eur J Orthod 2009; 31: 160-7. [CrossRef]

24. Löfstrand-Tideström B, Thilander B, Ahlqvist-Rastad J, Jakobsson O, 
Hultcrantz E. Breathing obstruction in relation to craniofacial mor-
phology and dental arch morphology in 4 year old children. Eur J 
Orthod, 1999: 21; 323-32. [CrossRef]

25. Vig, PS, Sarver DM, Hall DJ, Warren DW. Quantitative evaluation of 
nasal airflow in relation to facial morphology. Am J Orthod 1981; 79: 
263-72. [CrossRef]

26. Launa CB, Marlon MM, Rodrigo AR, Ana-Maria T, Elaine CRC, Mezzo-
mo CL. Influence of the respiratory mode and non-nutritive sucking 
habits in the palatal dimensions. Braz J Oral Sci 2011; 10: 42-9.

27. Primozic J, Perinetti G, Contardo L, Ovsenik M. Diagnostic perfor-
mance of 3-dimensional evaluation of palatal vault changes in as-
sessing successful treatment of constricted maxilla in growing sub-
jects. Am J Orthod Dentofacial Orthop 2013; 143: 42-9. [CrossRef]

28. Otuyemi OD, Jones SP. Post–retention stability of mandibular arch 
dimensions and incisor alignment in treated class II division 1 mal-
occlusion cases. Nig Postgrad Medical J 1998; 5: 13-8. 

29. Hussein KW, Rajiou ZA, Hassan R, Noor SN. Variations in tooth size 
and arch dimensions in Malay school children. Aust Orthod J 2009; 
22: 163-8.

30. Kawashima S. Sex-dependent differences in the craniofacial mor-
phology of children with a sleep-related breathing disorder. Oral 
Surg Oral Med Oral Pathol Oral Radiol Endod 2002; 94: 167-74. 
[CrossRef]

49

Turkish J Orthod 2017; 30: 42-9 Osiatuma et al. Dental Arch Dimensions in Children with Adenoids

https://doi.org/10.1016/j.ijporl.2009.10.001
https://doi.org/10.1016/j.ajodo.2003.10.038
https://doi.org/10.1016/j.ajodo.2003.10.038
https://doi.org/10.1016/S0889-5406(05)81792-5
https://doi.org/10.1016/S0889-5406(96)70054-9
https://doi.org/10.1016/j.ajodo.2003.05.016
https://doi.org/10.1093/ejo/cjm055
https://doi.org/10.1016/0002-9416(68)90305-9
https://doi.org/10.1016/0889-5406(91)70115-D
https://doi.org/10.14310/horm.2002.11143
https://doi.org/10.1093/ejo/cjn061
https://doi.org/10.1093/ejo/21.4.323
https://doi.org/10.1016/0002-9416(81)90074-9
https://doi.org/10.1016/j.ajodo.2012.08.022
https://doi.org/10.1067/moe.2001.126075

