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The relationship between respiration and craniofacial
growth has been debated for many years [1]. According to
the initial Moss’s Functional Matrix Theory the growth and
development of viscerocranium is primary influence by
extrinsic factors like breathing, mastication and
swallowing (epigenetic factors) [2-4]. As a consequence,
any breathing disorders in growing patients left untreated
for a long period of time have a negative effect on
craniofacial morphology. On the other hand, other authors
advocate the idea of genomic supremacy over the
processes involve in face development, with little or no
influence of extrinsic factor in this process. [5]. The
resolution of this controversy can only be based on the
strength of evidence offered by well designed clinical
studies, which so far seems to have divergent ideas
regarding this issue [1,6,7].

Oral breathing may result in most of the cases from an
increase upper airway resistance or from habit. Any kind
of obstructive mechanisms, such as adenotonsillar
hypertrophy, allergic rhinitis or septal deviation may trigger
the formation of a new pathological pathway for the air to
get to the lungs [3,4,7-9]. In a five years follow up study,
Linder and Aronson found that after removing the
obstructive enlarged adenoid tissue, the children exhibit a
normal growth development similar to the control group
[10-13]. This is valid if the surgery is followed up by a
functional shift from oral to nasal breathing, but this doesn’t
happen all the time, as oral breathing may persist even
though there is no upper airway resistance [15].

The long face syndrome often referred as adenoid face
is a clinical sign used in pediatric medicine to describe a
person who is suffering from breathing problems which
may affect his morphological and psychological
development [14]. Mouth breathers are defined as those
persons with predominantly vertical face growth, weak
mandibular elevator muscles, lip incompetence, narrow
alar base, steep mandibular plane angle and retrognathic
mandible, compared with faces of healthy controls
[1,4,14]. It is also typical for these patients to have an
extended head posture and a forward inclined upper
cervical spine [16,17].

The main purpose of the treatment is focused on
clearing the upper airway from any obstruction
phenomena. Both surgical and medical treatments
continue to be performed to modify respiration pattern in
order to improve facial growth [11-13]. However, there is
no clear evidence between the causal relationship of oral
breathing and facial growth, nor that different treatment
modalities can actually modify the respiratory mode [1,6].

The aim of this study is to determine a possible
correlation between breathing mode and craniofacial
morphology, consider as the null hypothesis (H0) the
statement that there is no difference regarding craniofacial
morphology between oral breathers and nasal breathers
and also it is no gender dependent.

 Therefore, the following questions should be answered
in this study:
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Can we predict the type of breathing in a growing patient
using facial characteristics?

Is there a correlation between respiratory mode and
long faces subjects?

Is oral breathing a factor risk for an increase lower facial
height?

Experimental part
This is a retrospective, observational case-control study

carried out from January 2015 to September 2016. The
study was approved by the Ethics Committee of Iuliu
Hatieganu University of Medicine and Pharmacy, Cluj-
Napoca, protocol number 314. All parents or legal
guardians signed a written consent form and all children
agreed to take part in the study. The sample comprised 80
patients, 42(52.5%) boys and 38 (47.5%) girls with age
between 6 and 13 years old. The mean age of the sample
was 9.78, with the SD of 1.82 (Table 1).

 All the subjects enrolled in this clinical study were
selected among the orthodontic patients treated in the
department of Orthodontics and Pediatric Dentistry, Cluj-
Napoca and private dental offices. Using G-P*Power
program for effect size d=0.8, risk level α=0.05 and for
power 1-ß=0.80 we got that the representativeness (Figure
1) is given by 26/26 for boys and girls. So, we conclude that
our samples are representative.

The inclusion criteria of the study were:
-Age between 6 and 13 years
-Caucasian, to avoid racial interference
-General good health
-Obstruction of upper airways due to at least one of the

following airway pathologies: enlarged adenoid tissue,
tonsil hyperplasia, turbinate hyperplasia, deviated nasal
septum or allergic rhinitis.

The exclusion criteria were:
-Craniofacial malformations
-Orthodontic treatment, facial surgery or speech therapy

before the study
-Facial trauma

The sample was divided in two groups based on
respiratory pattern. The control group consisted of 38
(47.5%) nasal breathing children and case group of 42
(52.5%) oral breathing children. In order to compare the
data between younger and older patients, we have divided
the patients in two age groups: one between 6-9 years
(n=35) and the other between 10-13 (n=45) years.

Breathing mode evaluation
The evaluation of breathing pattern was done by

analyzing the data taken from questionnaires completed
by the parents or legal representatives of children and from
the clinical examination of patients. The data collected
from the questionnaires focus on medical history and type
of breathing (daytime/nighttime mouth breathing, snoring
etc.). The clinical examination assessed: the lips position
at rest and the facial muscular tonus with closed and open
lips. In the cases where we found the lip position at rest
closed, but the data collected from the questionnaires was
in favor for oral breathing, we have decided to include those
patients in case group. The rationale of this decision resides
in the fact that mouth breathing can coexist with a
decrease nasal resistance and normal muscular balance
[1].

Facial type evaluation
The evaluation of facial parameters was made on the

frontal and lateral photos using Adobe Acrobat Reader DC
measuring tool, after converting the jpeg files into a pdf file
format using Preview Program from Mac OS Sierra. The
photos were taken with a digital camera positioned 1.5
meters away from the patients in standing position. The
children were asked to keep their usual body posture with
eyes open glancing to the horizon line.

The assessment of facial characteristics comprised
three vertical ratio measurements: facial index, lower facial
height and upper lip. We have decided to use ratios to avoid
any kind of magnification errors, which might appear during
photo acquisition if the distance between the digital camera
and the subjects was not perfectly respected. The

Table 1
SAMPLE CHARACTERIZATION DEPENDING ON

AGE AND MEASURED FACIAL INDEXES.

Fig. 1. Sample size for different values of
power (1-ß)
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quantitative variables that we used for the statistical
analysis represented the mean between the same
measurements taken from the frontal and lateral photos.

The data collected included the following
measurements:

-facial height, measured from soft tissue nasion (the
concave or retruded point in the tissue overlying the area
of the frontonasal suture) to soft tissue gnathion (the
midpoint between the most anterior and inferior points of
the soft tissue chin in the midsagittal plane).

-facial width, the distance between the two zygion points
(the most lateral point of each zygomatic arch).

-upper facial height, measured from ophryon (the most
prominent midline point between the eyebrows) to
subnasion (deepest point of the nasolabial angle).

-lower facial height, the distance between subnasion
and soft tissue point gnathion.

-upper lip height, measured between subnasion and the
lowermost point on lower border of the upper lip.

Facial index was determined by calculating the ratio of
the facial height to the width of the face multiplied by 100.

The lower facial height ratio was determined by dividing
the lower facial height to the sum of lower and upper facial
height multiplied by 100.

The upper lip ratio was determined by dividing the length
of the upper lip to the lower facial height multiplied by 100.

Five different facial types were classified using the facial
index number as follow: up to 78.9 hypereuryprosopic;
from 79.0 to 83.9 eur yprosopic; from 84.0 to 87.9
mesoprosopic; from 88.0 to 92.9 leptoprosopic; above 93.0-
hyperleptoprosopic [24,25].

Statistical methods
Statistical analysis was performed using SPSS 24 for

Mac. For all tests the significance level was set to p<0.05.
Descriptive analysis was performed for all variables by
calculating the mean, standard deviation, minimum and
maximum values for quantitative characteristics.

Kolmogorov-Smirnov statistics were used for all
quantitative variables to find if the data is normal distributed
and Levene’s Test for homogeneity of variance. We found
that the data was normally distributed with equal variances
between nasal-oral breathers, genders and age groups,
except for the facial index (non-normality p=0.046) and
the lower lip (unequal variance p=0.018) within respiratory
type groups. As a consequence, group differences were
analyzed with both one /two way ANOVA and Mann-
Whitney test for nonparametric two independent samples.

Chi-square test for independence was used to assess
the difference between different facial types, breathing
mode and age groups of the sample.

Correlation analysis was used to assess the strength of
the relationship between all three variables measured in
this study. Spearman’s rank correlation coefficient was
used instead of Pearson’s correlation, because of non-
normality in the facial index variable.

Progressive binary logistics was use to forecast the
power of prediction of respiratory pattern using patient’s
facial measurements.

Results and discussions
The evaluation of facial morphology between respiratory

types was done using both parametric and nonparametric
tests, according to the results of Kolmogorov-Smirnov test
for the normality of data. Statistically significant differences
were found between nasal and oral breathers regarding
facial index (p=0.006*) and lower facial height ratio
(p=0.033*) (Figure 2a,b).

The upper lip was found to be shorter in oral breathing
group, but the result is not statistically significant (p=0.294)
(Fig. 3a).

To assess the age related differences in craniofacial
morphology, one way ANOVA was performed. The older
group had a significantly higher facial index score compare
with the younger one (p=0.043*) and also a short upper lip
(p=0.052). The lower facial height ratio was almost the

Fig. 2. (a) The facial index of oral
breathers is significantly higher
compared with nasal breathers
(p=0.006*, Mann- Whitney test).
(b) The lower facial floor height

is significantly higher on oral
breathing group (p=0.033*, One

way ANOVA).

Fig. 3. (a) The upper lip is shorter
on oral breathing group (p=0.294,

One way ANOVA). (b) Two way
ANOVA shows no significant

difference in facial index ratio
(p=0.363) in age related groups of

different respiratory patterns.
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same between the two groups (p=0.544), but this type of
analysis doesn’t take in account which of the older and
younger patients are nasal or oral breathers. As a
consequence, two way ANOVA was performed in order to
introduce the respiratory pattern together with age related
groups in the independent variables. As Figure 3b shows,
we didn’t find any age related differences between nasal
and oral breathers, regarding facial index (p=0.363). The
same results were also found for the lower facial height
ratio (p=0.182) and upper lip ratio (p=0.494).

We also tested for any gender differences in facial
morphology, but all the results confirmed the null hypothesis
which stated that: there is no difference between boys
and girl regarding craniofacial morphology.

Three facial types were identified in our sample
according to the selection criteria mention before. One
way Anova was used to compare the differences between
upper lip and lower facial height among this groups. The
results demonstrate that the longer the face is, the shorter
the upper lip (p=0.015) and the longer lower facial height
ratio are (p=0.002). According to the Post Hoc Tests the
significant differences were noticed between the
hyperleptoprosopic faces and all the other two types of
faces as Figure 4a and 4b illustrate.

For analyzing the differences between all four facial
types found in our sample and respiratory pattern, Pearson
Chi-Square test was used, which rejected the null
hypothesis with a p value of 0.028. The alternative
hypothesis was accepted, which states that there is a
significant difference in breathing pattern between all three
facial types (Table 2). The same test found no difference
between genders (p=0.382) and age groups (p=0.102)
regarding respiratory mode.

Although this study focused primarily on the difference
between craniofacial characteristics of oral and nasal
breathers, it was also of interest to examine if there is any
association between facial index, lower facial height and
upper lip ratio. The relationship between all these variables
was assessed by using Spearman’s rho Correlation. A
significant positive correlation (p=0.002) was found
between facial index and lower facial height and a
significant negative correlation between facial index and

upper lip (p=0.005). No correlation was found between
upper lip and lower facial height ratio (p=0.297).

The odds of predicting the respiratory pattern using the
quantitative data gathered in this study has an overall
percent of 67.5%. This data was obtained by using
progressive binary logistics to forecast the power of
prediction of facial index, lower facial height and upper lip
ratio on the respiratory mode of patients. None of these
variables has a significant power in predicting the
respiratory pattern, but between them, facial index has
the higher odds (p=0.058).

This study focused on evaluation of facial characteristics
in mouth breathing children. In order to determine if an
altered respiratory function is a risk factor in developing
the adenoid face, we compare three facial quantitative
variables of 42 oral breathing children to 38 nose breathing
children. Our results support the findings of other articles
in the literature, that there are major craniofacial
differences between the two groups [17-23]. Breathing
impaired subjects showed a significantly higher facial index
and lower facial height ratio, than the controls. The
argument for this change in facial morphology is based on
a cascade of events, which had the starting point in altered
respiratory function [18-19] The first and immediate effect
is the perturbed neuromuscular balance, characterized by
head extension, posterior rotation of mandible, lower and
backward tongue position associated with unbalance
buccinator pressure on the maxilla. If these changes are
kept for a long period of time in a growing patient the
consequences will be upon the developing skeletal system
[11-13].

In an attempt to establish a causality theory for the
genetic and environmental factors involved in craniofacial
development, a prospective longitudinal study should be
performed, but this is hardly possible due to ethical reasons.
Even though this is a retrospective study, we analyzed the
facial index measurements for two different age groups
(6-9 years and 10-13 years), in the presence or absence of
the risk factor: oral breathing. The older group had a
significantly dolichocephalic type of face compare with
the younger one, and this supports the conclusion of Cheng
and Enlow (1988) that the younger the subject is, the less

Fig. 4. (a) Association between the
facial types and the mean of the

lower height ratio (p=0.002*). (b)
Height of the upper lip varies

significantly between all four facial
types (p=0.015*)

Table 2
FACIAL TYPE FREQUENCY IN NASAL

AND ORAL BREATHING PATIENTS
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adenoid  type of facial characteristics are expressed
[18,24]. Although the results are correct, the risk of bias in
this conclusion rises from the fact that it doesn’t take in
account which of the younger and older patients are nasal
or oral breathers. The development of craniofacial complex
had a predominantly vertical direction for both respiratory
types in the two age groups, even though the breathing
impaired group showed a more significant longer face
[27,28]. These findings may suggest that craniofacial
morphology is rather a risk factor in developing oral
breathing and not the otherwise. This argument sustains
Ricketts theory, that the inflammation of adenoid tissue is
less important, when compare to the bony contour and the
occupied volume. Long faces children have narrow airway
passage, so even a small inflammation may lead to an
important airway obstruction, which may lead
subsequently to mouth breathing in order to fulfill the
organism needs of oxygen. To sustain this theory, the same
results were found when analyzing the lower facial height
and upper lip ratio, related to the age groups and respiratory
pattern of children.

We found a significant positive correlation between the
facial index and lower facial height ratio and a significant
negative correlation between facial index and upper lip.
These correlations do not give us the answer for the
causality concept of adenoid faces. The fact that they are
more likely to coexist in any given individual, can lead us to
the next question: are the particularities of craniofacial
morphology good predictors of breathing mode in this
sample? To find this we used the progressive binary logistics
test, which demonstrated that facial index is the most
reliable predictor of all three variables. The chances of
predicting an oral breathing child just by taking in
consideration the numerical values of facial index are 67.5
%.

Conclusions
Craniofacial morphology in breathing impaired children

is significantly different from those in the control group.
These findings do not support the hypothesis of a causal
relationship between oral breathing and subsequent
craniofacial vertical growth pattern, instead they suggest
that long faces children are more likely to develop oral
breathing in certain conditions. These conditions
subsequently will have a negative effect on increasing the
lower facial height, by altering the postural behavior of
mandible and tongue. In other words, genetically
predetermined craniofacial growth may be modulated by
exogenic influences to a certain extent.
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