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Abstract 

 
Aim: To evaluate and compare oxygen saturation levels in different facial patterns (average, horizontal, and vertical) 
existing in different anterior-posterior planes of space (Angle’s Class I, Class II, and Class III) by comparing the amount of 
hemoglobin bound to oxygen (SPO2) to the total amount of hemoglobin in the blood. 
Methods: A prospective observational study involving a sample size of 180 adults aged 18–30 was categorized into nine 
different groups based on their skeletal jaw relationships in the anteroposterior plane occurring in different facial types: 
average, horizontal, and vertical. The study was conducted using a portable pulse oximetry device (Biosys, BPM-200) to 
assess the level of saturated hemoglobin in the blood (SPO2). 
Results: The mean SPO2 measured was found to be in the range of 95–98%. Comparison between groups showed a 
statistically significant difference in the mean SPO2 (P=0.002). However, post hoc analysis showed group H had statistical 
significance. 
Conclusion: Based on the analysis of the results obtained from the study, it was concluded that in all facial growth 
patterns, SPO2 levels were in the normal range. However, the class II skeletal base with a vertical skeletal pattern showed 
the lowest SPO2 levels. The study also supported the fact that blood oxygen saturation levels are not a concern in any 
type of facial pattern; hence, no orthodontic intervention as such is indicated to improve their SPO2 levels. 
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Background 

Facial growth is believed to be affected by 
multiple factors such as respiratory modifications, 
mandibular position  (1), head posture, and tongue 
function, all of which can act independently or 
synergistically to bring about changes to the 
stomatognathic system and conditioning diagnosis 
(2). Physiological respiration is believed to have a 
functioning role in harmonious craniofacial 
development. However, when external factors 
cause any change in the respiratory pattern, it 
influences the normal development of the skull, 
leading to functional and skeletal alterations that 
can result in the development of various abnormal 

craniofacial patterns (3,4). As the mode of 
breathing and the development of craniofacial 
patterns are intricately related to each other, the 
form can follow function, and function can follow 
form (5). The functional matrix theory by Melvin 
Moss (6,7), suggested that nasal breathing permits 
suitable growth and development of the 
craniofacial and dentofacial complex. The reason 
for this is that normal nasal respiratory activity 
affects the development of craniofacial structures, 
assisting their congruent growth and development 
by satisfactorily interacting with mastication, 
swallowing, and other mechanisms of the head and 
neck region, as mouth breathing individuals 
demonstrate a tendency for increased Y axis 
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(dolichofacial) growth patterns (8). 
Numerous longitudinal studies (9-12), on both 

human and animal subjects have demonstrated the ill 
effects of altered obstructed nasal respiration and its 
close association with aberrant facial forms and dental 
malocclusions characteristic of long and narrower 
faces with retrognathic jaws (13,14). Multiple cross-
sectional studies have documented the effects of 
altered breathing and its effects on craniofacial 
development by assessing them clinically and 
cephalometrically (15). Lin et al. have reported that 
these individuals are usually found to have increased 
values of upper and lower anterior facial heights, and 
all the cranial angular measurements were greater 
with an increased gonial angle (16), besides clockwise 
rotation of the maxilla and mandible with a steep 
occlusal plane. This suggests a stronger and definite 
relationship between mouth breathing and altered 
facial growth associated with a significant amount of 
skeletal and dental malocclusion (17-19). 

Considering the outcome of mouth breathing 
and hypoxia on skeletal, functional, and dentofacial 
alterations, as well as constricting of the maxilla, 
underdevelopment of the mandible, modifications 
in the placement of the head about the neck, 
projection of the upper incisors, and distal 
placement of the mandible about the maxilla, this 
study can be of relevance as no research has been 
reported in the literature comparing the different 
facial patterns and their oxygen saturation levels in 
blood. Mouth breathers have a lower oxygen 
concentration in their blood, which is called 
hypoxia. Over 60% of mouth breathers breathe 
through the oral and nasal cavities, and merely 
4.3% are actually mouth breathers (20). 

The routine method to evaluate arterial blood 
gases is invasive, high-priced, and laborious. 
However, a pulse oximetry device may well be a 
satisfactory and trouble-free approach to screen 
and diagnose hypoxic patients (21). 

Methods 

Methods of data collection 
The study was done on 180 male and female 

patients ranging from 18 to 30 years old who were 
referred to our Research Centre for Orthodontic 
Treatment, which is located at Sri Hasanamba Dental 
College and Hospital in Karnataka, India. This age 
group was chosen to eliminate any further growth 
changes that may alter the skeletal growth pattern in 
either the vertical or antero-posterior plane. 

 
Sampling size estimation   

Based on the pilot study conducted in our 
Research and Training Institute in the Department 

of Orthodontics using a smaller sample size, the 
following formula was used to ascertain the actual 
sample size for the present study: 

 
n =  (Zα + Zβ)² ×  σ²

𝑑2
 

 
Where n was the number of samples, Zα was 

the confidence level, and Zβ was the power. σ was 
the standard deviation of the outcome variable, 
which is the same for all groups and d was the effect 
size obtained from the pilot study that resulted in a 
sample size of 180 samples. 

 
Groups 

One-hundred and eighty samples based on the 
above statistical calculations were included and 
were assigned to nine groups based on the growth 
types of the individuals. 

Groups A, B, and C: Subjects with average facial 
type (Y axis 53-63°) associated with angle’s class I, 
class II, and class III skeletal bases, respectively. 

Groups D, E, and F: Subjects with horizontal 
facial type (Y axis <53°) associated with angle’s 
class I, class II, and class III skeletal bases, 
respectively. 

Groups G, H, and I:  Subjects with vertical facial 
type (Y axis >63°) associated with angle’s class I, class 
II, and class III skeletal base relationships, respectively. 

 
Inclusion criteria 

Subjects between 18–30 years old. 
Subjects with different skeletal patterns in the 

anterior-posterior and vertical dimensions. 
Subjects willing to take part in the study. 
Subjects whose orthodontic treatment was yet 

to be started. 
 

Exclusion criteria 
Subjects with any previous history of 

orthodontic treatment. 
Subjects with any systemic diseases. 
Subjects with any craniofacial anomalies and a 

history of craniofacial trauma. 
Subjects with previous tonsil and/or adenoid 

surgery or previous maxillofacial surgery. 
Subjects with cleft lips and palates. 
Subjects who were on long-term medication. 
Subjects who donated blood in the last three 

months. 
Subjects with a history of smoking. 
Female subjects with nail varnish or paint 
Pregnant and lactating women 
 

Patient selection and study design: The study 
subjects were briefed on the aim of the research, 
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and all the subjects gave their consent to proceed 
with the study design. This study comprises nine 
groups with different facial patterns in the anterior-
posterior and vertical dimensions. 

As the study samples were patients from the 
Research Institute (Department of Orthodontics and 
Dentofacial Orthopaedics), their lateral cephalograms 
were available as part of their basic diagnostic records 
by using the radiographic machine (Kodak 8000 YCA 
1583, Carestream Health, Inc., 150 Verona Street, 
Rochester, NY) with standardized settings and an 
exposure parameter: kVp: 76, mA: 10, 0.800 sec. 
Lateral cephalograms of all the subjects were utilized 
to evaluate the various skeletal patterns and were 
traced with a 0.3mm lead pencil on a sheet of 0.10-
mm matte acetate tracing paper. 

The following cephalometric measurements 
were assessed for this study (Fig.1): 

Jarabak’s ratio 
Y-axis 
SNA 
SNB 
ANB 
GO-GN-SN 
Beta angle 
 

Estimation of oxygen saturation levels 
Red blood cells comprise hemoglobin and one 
molecule of hemoglobin can transmit a maximum 
of four molecules of oxygen, subsequently, it is 
depicted as being saturated with oxygen. 
Hemoglobin has a saturation of 100% (22) provided

 

 

Figure 1. Cephalometric analysis 
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Figure 2. Examination of oxygen saturation level (SPO2) 

 
every binding site on the hemoglobin molecule is 

transporting oxygen. The majority of the hemoglobin 
in the blood intermixes with oxygen when it moves 
through the lungs, resulting in an arterial oxygen 
saturation of 95–100% in a healthy individual with 
normal levels of hemoglobin (23) (Fig.2). As per the 
study protocol, the SPO2 saturation for every patient 
was recorded. A portable pulse oximetry device 
(Biosys, BPM-200) was used in this study as a 
substitute for arterial blood sampling. After 
connecting the optical diodes to the patient's finger, 
the SPO2 values of all the subjects were documented 
as the percentage of hemoglobin oxygen saturation.  

Because the threshold was 95% saturation level, 
lower values were taken as hypoxemic. Oxygen 
saturation levels were checked at the first three 
consecutive appointments of the one-month gap. At 
each appointment, the test was carried out three-fold 
for all the subjects with ten-minute interludes and the 
average value was calculated as the SPO2, which was 
recorded in the morning hours in all the patients. 

The following criteria were considered to 
determine the level of oxygen saturation percentage 
(24): 

 
SPO2Level Severity 

95-100% Normal 
94%orlower Hypoxic 
Lessthan90% Severely hypoxic 

 
Statistical analysis 

The current study used descriptive statistics to 

present the mean and standard deviation and 
inferential statistics wherein the chi-square test 
tabulated variables into categories and computed 
chi-square statistics. This goodness-of-fit test 
compared the observed and expected frequencies 
in all categories to test if all categories had the same 
proportion of values or that all categories contained 
a user-specified proportion of values. The one-way 
ANOVA compared the means of two or more 
independent groups to establish statistical 
evidence that suggests the associated population 
means are significantly different. Duncan’s post hoc 
(multi-range test) is a multiple comparison 
procedure that uses the studentized range statistics 
qr to compare the means. The difference between 
any two means in a set of n means is significantly 
provided by the range of every subset that contains 
the given significant means. 

Results 

Comparison of SPO2 between the groups over the 
months (Tables 1 and 2) 

The results indicate that there was no statistical 
significance observed in the mean SPO2 values 
between the different months, even after group 
and month interactions. However, the mean SPO2 
values were statistically significant between the 
groups in the second and third months (P=0.007 
and P=0.001), respectively (Fig. 3). 
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Table1. Mean and standard deviation for age in different groups 

 N Mean Std. Deviation Std. Error Minimum Maximum 

Gr A 12 20.0000 2.00000 .57735 18.00 24.00 
Gr B 10 21.2000 4.56557 1.44376 18.00 30.00 
Gr C 3 22.0000 6.92820 4.00000 18.00 30.00 
Gr D 23 21.6957 3.57307 .74504 18.00 28.00 
Gr E 20 22.1500 4.90193 1.09611 18.00 30.00 
Gr F 22 22.5000 4.38341 .93455 18.00 30.00 
Gr G 4 18.7500 .95743 .47871 18.00 20.00 
Gr H 23 19.6957 2.16238 .45089 18.00 25.00 
Gr I 3 20.3333 4.04145 2.33333 18.00 25.00 
Total 120 21.2000 3.85144 .35159 18.00 30.00 

*p <0.05 
 

Table 2. Descriptive Statistics for SPO2 between the groups over the months 

 groups Mean Std. Deviation N 

spo2_m1 

Gr A 96.8333 .93744 12 
Gr B 97.1000 1.28668 10 
Gr C 97.3333 1.15470 3 
Gr D 97.1304 1.25424 23 
Gr E 96.9000 1.20961 20 
Gr F 96.5455 1.05683 22 
Gr G 97.7500 .50000 4 
Gr H 96.0000 1.53741 23 
Gr I 97.6667 .57735 3 

Total 96.7750 1.27327 120 

spo2_m2 

Gr A 97.1667 .83485 12 
Gr B 97.4000 1.17379 10 
Gr C 97.6667 .57735 3 
Gr D 96.9565 1.02151 23 
Gr E 96.8000 1.70448 20 
Gr F 97.2727 .93513 22 
Gr G 97.7500 1.25831 4 
Gr H 95.9130 1.47442 23 
Gr I 97.3333 .57735 3 

Total 96.9000 1.31187 120 
spo2_m3 Gr A 97.2500 .75378 12 

Gr B 97.6000 .84327 10 
Gr C 98.3333 1.15470 3 
Gr D 97.0870 1.04067 23 
Gr E 97.1500 1.63111 20 
Gr F 96.9545 .84387 22 
Gr G 97.7500 .50000 4 
Gr H 95.8696 1.54638 23 
Gr I 97.0000 .00000 3 

Total 96.9500 1.29543 120 

*p<0.05 
 

Comparison of mean SPO2 within the groups 
(Tables 3 and 4) 

The mean SPO2 values showed variation between 
the groups, which was clinically non-significant since 
all the values were above the set limit of 95%. ANOVA 
showed a p-value of 0.002 for the mean difference in 
SPO2 values between the groups, which was 
statistically significant (Fig. 4).  

Since ANOVA showed a p-value that was 
significant (<0.05), Duncan’s multiple range test was 
done to ascertain the difference between the groups. 

In Duncan’s multiple range test, group H was found 
to have the lowest mean SPO2 value (95.92) and the 
test yielded a subset for alpha 0.05. Therefore, 
compared pairing was done between group H and 
the other groups. The result of the compared pairing 
shows that group H vs group I was significant (p 
value<0.05), and in group H vs group B, group G and 
C was significant (p value<0.05) (Table 5). Hence, in 
this study statistical significance was shown when 
group H was compared with groups C, G, B, and I. 
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Figure 3. Comparison of SPO2 between the groups within the months 

 
Table 3. Descriptive Statistics for SPO2 between the groups within the months 

 N Mean Std. Deviation Std. Error Minimum Maximum 

spo2_m1 

Gr A 12 96.8333 .93744 .27061 95.00 98.00 
Gr B 10 97.1000 1.28668 .40689 95.00 99.00 
Gr C 3 97.3333 1.15470 .66667 96.00 98.00 
Gr D 23 97.1304 1.25424 .26153 95.00 99.00 
Gr E 20 96.9000 1.20961 .27048 94.00 98.00 
Gr F 22 96.5455 1.05683 .22532 95.00 98.00 
Gr G 4 97.7500 .50000 .25000 97.00 98.00 
Gr H 23 96.0000 1.53741 .32057 93.00 98.00 
Gr I 3 97.6667 .57735 .33333 97.00 98.00 

Total 120 96.7750 1.27327 .11623 93.00 99.00 

spo2_m2 

Gr A 12 97.1667 .83485 .24100 96.00 99.00 
Gr B 10 97.4000 1.17379 .37118 96.00 99.00 
Gr C 3 97.6667 .57735 .33333 97.00 98.00 
Gr D 23 96.9565 1.02151 .21300 95.00 98.00 
Gr E 20 96.8000 1.70448 .38113 94.00 98.00 
Gr F 22 97.2727 .93513 .19937 95.00 99.00 
Gr G 4 97.7500 1.25831 .62915 96.00 99.00 
Gr H 23 95.9130 1.47442 .30744 94.00 98.00 
Gr I 3 97.3333 .57735 .33333 97.00 98.00 

Total 120 96.9000 1.31187 .11976 94.00 99.00 

spo2_m3 

Gr A 12 97.2500 .75378 .21760 96.00 98.00 
Gr B 10 97.6000 .84327 .26667 96.00 99.00 
Gr C 3 98.3333 1.15470 .66667 97.00 99.00 
Gr D 23 97.0870 1.04067 .21700 95.00 99.00 
Gr E 20 97.1500 1.63111 .36473 94.00 99.00 
Gr F 22 96.9545 .84387 .17991 96.00 98.00 
Gr G 4 97.7500 .50000 .25000 97.00 98.00 
Gr H 23 95.8696 1.54638 .32244 94.00 98.00 
Gr I 3 97.0000 .00000 .00000 97.00 97.00 

Total 120 96.9500 1.29543 .11826 94.00 99.00 
Gr D 23 96.9565 1.02151 .21300 95.00 98.00 
Gr E 20 96.8000 1.70448 .38113 94.00 98.00 
Gr F 22 97.2727 .93513 .19937 95.00 99.00 
Gr G 4 97.7500 1.25831 .62915 96.00 99.00 
Gr H 23 95.9130 1.47442 .30744 94.00 98.00 
Gr I 3 97.3333 .57735 .33333 97.00 98.00 

Total 120 96.9000 1.31187 .11976 94.00 99.00 
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Table 4. One–way ANOVA 

 Sum of Squares df Mean Square F Sig. 

spo2_m1 
Between Groups 26.412 8 3.301 2.201 .033 
Within Groups 166.513 111 1.500   

Total 192.925 119    

spo2_m2 
Between Groups 34.304 8 4.288 2.792 .007 
Within Groups 170.496 111 1.536   

Total 204.800 119    

spo2_m3 
Between Groups 41.694 8 5.212 3.661 .001 
Within Groups 158.006 111 1.423   

Total 199.700 119    

 
Table 5. Duncan Post-hoc Test 

Groups N 
Subset for alpha = 0.05 

1 2 

Gr H 23 95.9275  
Gr F 22 96.9242 96.9242 
Gr E 20 96.9500 96.9500 
Gr D 23 97.0580 97.0580 
Gr A 12 97.0833 97.0833 
Gr I 3  97.3333 
Gr B 10  97.3667 
Gr G 4  97.7500 
Gr C 3  97.7778 

 

 

Figure 4. Comparison of meanSPO2 between the groups 

 
Discussion 

The present study revolves around the fact that 
reduced oxygen saturation level in the blood might 
be seen in various malocclusions, resulting in 
mouth breathing and hypoxia that in turn can have 
significant damaging effects on skeletal, functional, 
and dentofacial maturation levels. This study, 

hence, evaluated the oxygen saturation levels in 
subjects with varied skeletal patterns in the antero-
posterior and vertical dimensions to establish the 
cause and the effect relationship with respect to 
the abnormal dentofacial growth pattern if 
associated with altered levels of blood oxygen 
saturation (SPO2). 

Respiratory function is believed to have a 
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significant function in the development of the 
dentofacial structures, as well as a vital role in 
stabilizing the occlusion. As it is a known fact that 
chronic nasal obstruction and or constriction of the 
posterior airway could cause hyperdivergent facial 
growth patterns, known as adenoid face (25) or 
typically referred to as "long face syndrome," 
represented by a vertically larger lower facial 
height, this research finding confirms the possibility 
of a direct relationship between abnormal 
breathing pattern and the resultant functional 
disturbances in the stomatognathic system. 

To confirm the effect of abnormal breathing 
patterns on altered dentofacial growth and on their 
respective groups based on the skeletal pattern in 
both anteroposterior and vertical dimensions, the 
SPO2 level for each patient was recorded using a 
portable pulse oximetry device (Biosys, BPM-200), 
which was a simple and non-invasive substitute for 
arterial blood sampling. After connecting the 
optical diodes to the patient's finger, the SPO2 
value of each patient was recorded as the 
percentage of hemoglobin oxygen saturation. 

The SPO2 level between 95% and 100% was 
considered normal; 94% or lower was considered 
hypoxic, and less than 90% was considered severely 
hypoxic. Oxygen saturation levels were checked at 
the first three consecutive appointments of the 
one-month gap. At each appointment, the test was 
carried out three times for each subject at ten-
minute intervals, and the average value was 
calculated as SPO2 (26,27). The multifunctional 
pharyngeal airway regulates many physiologic 
processes such as deglutition, vocalization, and 
respiration. Muscles and membranes make the 
pharyngeal airway, and the pharynx consists of 
three parts: nasopharynx, oropharynx, and 
laryngopharynx. 

Abnormal airway function at some stage in the 
growth spurt interval can have a strong impact on 
facial development (28,29). Soft tissue size and 
development encompassing the craniofacial 
skeletal structures decide the size of the pharyngeal 
space. The depth of the nasopharynx enlarges as its 
posterior wall narrows (30).  A natural and 
anatomical disposition of the airway to narrow 
exists because of the suggestion that those with 
class I and class II malocclusions and vertical growth 
patterns have considerably narrower upper 
pharyngeal airways when compared with subjects 
with normal growth patterns (31). If the upper 
airway becomes narrower, airflow resistance may 
increase, also increasing the possibility of snoring or 
obstructive sleep apnea (32). 

El and Palomo (33) conducted a study to 
evaluate the nasal passage (NP) and oropharyngeal 

(OP) volumes of subjects with diverse dentofacial 
skeletal patterns. The study concluded that 
oropharyngeal airway volumes in class II patients 
were smaller when compared with those in class I 
and class III patients. Several studies (34-36) 
concluded that the differences in the upper and 
lower pharyngeal airways between a normal and 
vertical growth pattern among class I, class II, and 
class III malocclusions were statistically significant. 
Furthermore, a relationship was determined 
between pharyngeal airway measurements and 
vertical skeletal parameters (37,38) in those with 
adult skeletal class II  malocclusions with vertical 
growth patterns  that had considerably narrower 
pharyngeal airways compared to subjects with 
normal or horizontal growth patterns. 

Fastuca et al. (39) concluded that when rapid 
maxillary expansion treatment is advised, it results 
in a significant increase in the upper, middle, and 
lower airway compartment volumes. Lower 
baseline airway volumes in the middle and lower 
compartments were associated with a greater 
increase in SPO2. Salehi et al. (40) concluded that 
there was no association between airway volume 
and vertical facial growth pattern based on the 
cone-beam computed tomography data. 
Nevertheless, Silva (41) concluded that  those with 
mandibular class II malocclusion had reduced upper 
airway measurements, and a correlation existed 
between mandibular length and position and the 
size of the oropharynx and nasopharynx. These 
findings therefore indicated the presence of a 
clinically significant correlation between the upper 
airway volume and the vertical facial growth 
pattern. 

In two separate studies, Alhammadi and 
Korayem (42,43) evaluated the upper pharyngeal 
airway spaces in adults with different 
anteroposterior and vertical skeletal malocclusions 
and concluded that skeletal class II malocclusion, 
because of an inherent backward positioning of the 
mandible, was accompanied by a decrease in the 
upper pharyngeal airway spaces. The individuals 
with mandibular growth deficiency had less airway 
volume, a smaller minimum axial area, and 
constricted posterior airway space than the 
patients with good growth and an anteroposterior 
relationship between maxilla and mandible. 

Various research studies (44-46), have reported 
high statistically significant differences between 
class I, class II, and class III groups for the upper and 
middle pharyngeal airways. The dimensions of 
oropharyngeal and hypopharyngeal airways were 
reported to be decreasing with an increase in the 
ANB angle, and the mean total airway volume in 
patients with retrognathic mandibles was 
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significantly lower than in subjects with normal 
mandibles. They also determined that the CBCT is a 
more convenient alternative diagnostic tool 
compared to PSG (polysomnography) to diagnose 
OSA (obstructive sleep apnea) so that further 
progression of OSA can be prevented by 
orthodontic intervention if needed. 

The present study revolves around the fact that 
reduced oxygen saturation levels in the blood might 
be observed in various malocclusions resulting in 
mouth breathing and hypoxia, which in turn can 
have significant damaging effects on the skeletal, 
functional, and dentofacial maturation levels of the 
individuals presenting with different types of 
growth patterns (horizontal, average, and vertical). 
Hence, this study was designed to evaluate the 
oxygen saturation levels in subjects with different 
skeletal patterns in the anterior-posterior and 
vertical dimensions to establish the cause-and-
effect relationship with respect to the abnormal 
dentofacial growth pattern if it is associated with 
any altered levels of blood oxygen saturation 
(SPO2). 

Group A (average facial type with class I skeletal 
base relationship): The mean SPO2 values 
measured in a period of three months in group A 
was found to be 97.08±0.66, showing normal 
oxygen saturation levels that indicated no airway 
obstruction associated with various facial types and 
their malocclusions on the sagittal plane. This 
conclusion agreed with previous studies conducted 
by Shokri et al (47).  

Group B (average facial type with class ii skeletal 
base relationship): The mean SPO2 values in group 
B was found to be 97.36±0.94, which showed 
normal oxygen saturation indicating no airway 
obstruction.  

Group C (average facial type with class III skeletal 
base relationship): The mean SPO2 value in group C 
was found to be 97.77±0.96, which showed normal 
oxygen saturation indicating no airway obstruction 
due to a skeletal relation in the anteroposterior and 
vertical dimension. As per a research study by Chen 
et al. (48), a larger airway dimension was observed in 
class III malocclusions, which agreed with the results 
obtained in this study.  

Groups D, E, and F (horizontal facial types with 
class I, class II and class III skeletal bases): The mean 
SPO2 value in groups D and E showed normal oxygen 
saturation indicating no airway obstruction due to 
the combination of horizontal facial types with 
various skeletal jaw base relationship in the 
anteroposterior dimension. Lakshmi et al. (49) 
showed that the horizontal facial types 
demonstrated more airway dimension compared to 
the average and vertical facial types. Similar results 

were obtained with group F, showing normal oxygen 
saturation probably due to larger airway dimensions 
associated with skeletal class III jaw bases. 

Group G (vertical facial type with class I skeletal 
base): The mean SPO2 values measured in group G 
was 97.75±0.56, which showed normal oxygen 
saturation indicating no airway obstruction. Zheng 
(38) indicated that the nasopharyngeal airway 
volume of class I was significantly larger than that 
of patients with a class II skeletal jaw relationship.  

Group H (vertical facial type with class II skeletal 
base): The mean SPO2 values in group H was 
95.92±1.44, showing normal oxygen saturation but 
clinically the lowest SPO2 value calculated (93.67) 
indicated predisposed airway obstruction in this 
group. Zheng, (38) concluded that the vertical facial 
type associated with skeletal class II jaw bases is 
usually predisposed to airway obstruction because 
of the backward positioning of the mandible. 

Group I (vertical facial type with class III skeletal 
base): The mean SPO2 values measured in group I 
was 97.33±0.33, indicating no airway obstruction 
due to the vertical facial type in association with 
class III skeletal bases (50).  

Comparison between the groups and the mean 
SPO2: The mean SPO2 calculated in three months 
was compared between the groups, and there was 
a statistically significant difference observed. 
Hence, post hoc analysis was done to determine 
which group had significant differences. Group H 
was found to be statistically significant, and it had 
the lowest mean SPO2 level (95.92±1.44). The 
reduced SPO2 level could be correlated clinically to 
a reduced airway dimension and clockwise rotation 
of the mandible. These features agreed with the 
studies done by Zheng (38), where they observed 
that the nasopharyngeal airway volume of class I 
and class III subjects was significantly larger than 
that of patients with a class II skeletal pattern. 
Another study by Silva et al. (41) stated that 
individuals with skeletal class II malocclusion 
showed diminished upper airway measurements. 

Soni et al. (51) assessed the pharyngeal airway 
dimensions in class I, II, and III skeletal 
malocclusions using CBCT and concluded that class 
II malocclusions had smaller airway dimensions 
compared to class I and class III malocclusions. The 
reduced airway dimension in vertical facial types; 
however, is related to the combination of various 
parameters such as reduced ramal length and 
clockwise rotation of the mandible (52). 

Conclusion 

The present study was conducted to evaluate 
oxygen saturation levels in subjects with different 
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facial types in angle’s class I, II and III skeletal base 
relationships. Based on the analysis of the results 
obtained from the study, the following conclusions 
were made: 

In all the facial types (average, horizontal, and 
vertical), the SPO2 levels were found to be in the 
normal range.  

Vertical facial types with class II skeletal base 
relationship, however, showed the lowest SPO2 
levels. 
 
Limitations of the study 

Reduced sample size because of the prevalence 
of certain malocclusions in this region. 

Unequal distribution of sexes in the groups. 
SPO2 calculation with pulse oximeter cannot be 

considered as a standard value for diagnosis. 
 
Future prospects 

Large scale study with equal distribution of sex 
and age using standardized SPO2 calculation. 

Changes in SPO2 in patients with constricted 
airway after successful orthodontic treatment to 
improve the airway. 

 
References 
1. Rubin RM. Mode of respiration and facial growth. 

Am J Orthod. 1980;78(5):504-10. PMID: 6933857.  
DOI: 10.1016/0002-9416(80)90301-2 

2. Rubin RM. Facial deformity: a preventable 
disease? Angle Orthod. 1979;49(2):98-103. PMID: 
286571. DOI: 10.1043/0003-3219(1979)049< 
0098: FDAPD>2.0.CO;2 

3. Fernandes P, Pinto J, Ustrell-Torrent J. Relationship 
between Oro pharynx and nasopharynx permeability 
and the direction of facial growth. Eur J Paediatr Dent. 
2017;18(1):37-40. PMID: 28494601.  DOI: 
10.23804/ejpd.2017.18.01.08 

4. Enlow, D.H. and Hans, M.G. Essentials of Facial 
Growth. WS Saunders Co., Philadelphia. Int J Clin 
Med. 1-240. 

5. Shapiro PA. Effects of nasal obstruction on facial 
development. J Allergy Clin Immunol. 1988;81(5 Pt 
2):967-71. PMID: 3286736. DOI: 10.1016/0091-
6749(88)90162-5 

6. Moss ML, Salentijn L. The primary role of 
functional matrices in facial growth. Am J Orthod. 
1969;55(6):566-77. PMID: 5253955.  DOI: 
10.1016/0002-9416(69)90034-7 

7. Cooper BC. Nasorespiratory function and orofacial 
development. OtolaryngolClin North Am. 
1989;22(2):413-41. PMID: 2664660 

8. Imbaud TC, Mallozi MC, Domingos VB, Solé. 
Frequency of rhinitis and orofacial disorders in 
patients with dental malocclusion]. Rev Paul 
Pediatr. 2016;34(2):184-8. PMID: 26631324.  DOI: 
10.1016/j.rpped.2015.10.002 

9. Bresolin D, Shapiro PA, Shapiro GG, Chapko MK, 
Dassel S. Mouth breathing in allergic children: its 

relationship to dentofacial development. Am J 
Orthod. 1983;83(4):334.  PMID: 6573147.  DOI: 
10.1016/0002-9416(83)90229-4 

10. Trask GM, Shapiro GG, Shapiro PA. The effects of 
perennial allergic rhinitis on dental and skeletal 
development: a comparison of sibling pairs. Am J 
Orthod Dentofacial Orthop. 1987;92(4):286-93. PMID: 
3477946. DOI: 10.1016/0889-5406(87)90328-3 

11. Zheng W, Zhang X, Dong J, He J. Facial 
morphological characteristics of mouth breathers 
vs. nasal breathers: A systematic review and meta-
analysis of lateral cephalometric data. Exp Ther 
Med. 2020;19(6):3738-3750. PMID: 32346438. 
DOI: 10.3892/etm.2020.8611  

12. Harari D, Redlich M, Miri S, Hamud T, Gross M. The effect 
of mouth breathing versus nasal breathing on 
dentofacial and craniofacial development in orthodontic 
patients. Laryngoscope. 2010;120(10):2089-93. PMID: 
20824738.  DOI: 10.1002/lary.20991 

13. Souki BQ, Lopes PB, Pereira TB, Franco LP, Becker 
HM, Oliveira DD. Mouth breathing children and 
cephalometric pattern: does the stage of dental 
development matter?  Int J Pediatr Otorhinolaryngol. 
2012;76(6):837-41. PMID: 22425033.  DOI: 10.10 
16/j.ijporl.2012.02.054 

14. Zhao Z, Zheng L, Huang X, Li C, Liu J, Hu Y. Effects of 
mouth breathing on facial skeletal development in 
children: a systematic review and meta-analysis. BMC 
Oral Health. 2021;21(1):108. PMID: 33691678. DOI: 
10.1186/s12903-021-01458-7 

15. Jiménez EL, Barrios R, Calvo JC, de la Rosa MT, 
Campillo JS, Bayona JC, Bravo M. Association of 
oral breathing with dental malocclusions and 
general health in children. Minerva Pediatr. 
2017;69(3):188-193. PMID: 26154526. DOI: 
10.23736/S0026-4946.16.04288-2 

16. Lin L, Zhao T, Qin D, Hua F, He H. The impact of mouth 
breathing on dentofacial development: A concise 
review. Front Public Health. 2022;10: 929165. PMID: 
36159237. DOI: 10.3389/fpubh.2022.929165 

17. Rodríguez-Olivos LHG, Chacón-Uscamaita PR, Quinto-
Argote AG, Pumahualcca G, Pérez-Vargas LF. 
Deleterious oral habits related to vertical, transverse 
and sagittal dental malocclusion in pediatric patients. 
BMC Oral Health. 2022;22(1):88. PMID: 35321719. 
DOI: 10.1186/s12903-022-02122-4 

18. Levrini L, Mangano A, Ambrosoli A, Merlo P, Mangano 
C, Caprioglio A. Craniofacial growth and respiration: a 
study on an animal model. Ann Stomatol (Roma). 
2015;6(2):53-7. PMID: 26330905. 

19. Ung N, Koenig J, Shapiro PA, Shapiro G, Trask G. A 
quantitative assessment of respiratory patterns 
and their effects on dentofacial development. Am 
J Orthod Dentofacial Orthop. 1990;98(6):523-32. 
Doi: 10.1016/0889-5406(90)70019-9. 

20. Clementine YF. Arterial blood gases. Proc 
Singapore Healthc. 2011;3(20):227-235. Doi: 10. 
1177/201010581102000313 

21. World Health Organization. Pulse oximetry 
training manual. Geneva: WHO2011. 

22. Hafen BB, Sharma S. Oxygen Saturation. Treasure 
Island (FL): Stat Pearls Publishing. 2023: 

PMID:%206933857
doi:%2010.1016/0002-9416(80)90301-2
PMID:%20286571
PMID:%20286571
doi:%2010.1043/0003-3219(1979)049%3c0098:FDAPD%3e2.0.CO;2
doi:%2010.1043/0003-3219(1979)049%3c0098:FDAPD%3e2.0.CO;2
PMID:%2028494601
doi:%2010.23804/ejpd.2017.18.01.08
doi:%2010.23804/ejpd.2017.18.01.08
PMID:%203286736
doi:%2010.1016/0091-6749(88)90162-5
doi:%2010.1016/0091-6749(88)90162-5
PMID:%205253955
doi:%2010.1016/0002-9416(69)90034-7
doi:%2010.1016/0002-9416(69)90034-7
PMID:%202664660
PMID:%2026631324
doi:%2010.1016/j.rpped.2015.10.002
doi:%2010.1016/j.rpped.2015.10.002
PMID:%206573147
doi:%2010.1016/0002-9416(83)90229-4
doi:%2010.1016/0002-9416(83)90229-4
PMID:%203477946
PMID:%203477946
doi:%2010.1016/0889-5406(87)90328-3
PMID:%2032346438
doi:%2010.3892/etm.2020.8611
PMID:%2020824738
PMID:%2020824738
doi:%2010.1002/lary.20991
PMID:%2022425033
doi:%2010.1016/j.ijporl.2012.02.054
doi:%2010.1016/j.ijporl.2012.02.054
PMID:%2033691678
doi:%2010.1186/s12903-021-01458-7
doi:%2010.1186/s12903-021-01458-7
PMID:%2026154526
doi:%2010.23736/S0026-4946.16.04288-2
doi:%2010.23736/S0026-4946.16.04288-2
PMID:%2036159237
PMID:%2036159237
doi:%2010.3389/fpubh.2022.929165
PMID:%2035321719
doi:%2010.1186/s12903-022-02122-4
PMID:%2026330905
doi:%2010.1016/0889-5406(90)70019-9.
https://doi.org/10.1177/201010581102000313
https://doi.org/10.1177/201010581102000313


Abraham R et al. 

 

Iran J Orthod. 2023 December; 18(2): e1115.                                                                                                                                                                    11 

 

https://www.ncbi.nlm.nih.gov/books/NBK525974/ 
23. Marcus CL, Omlin KJ, Basinki DJ, Bailey SL, Rachal 

AB, Von Pechmann WS, Keens TG, Ward SL. Normal 
polysomnographic values for children. Am Rev 
Respir Dis. 1992;146(5):1235-9. PMID: 1443877.  
DOI: 10.1164/ajrccm/146.5_Pt_1.1235. 

24. Technical and regulatory aspects of the use of pulse 
oximeters in monitoring COVID-19 patients. The pan 
American health organization PAHO. Washington DC, 
US. https://iris.paho.org/bitstream/handle/10665.2/5 
2589/PAHOHSSMTCOVID-19200029_eng.pdf?seq 
uence=1&isAllowed=y 

25. Major MP, Flores-Mir C, Major PW. Assessment of 
lateral cephalometric diagnosis of adenoid 
hypertrophy and posterior upper airway 
obstruction: a systematic review. Am J Orthod 
Dentofacial Orthop. 2006;130(6):700-8. PMID: 
17169731. Doi: 10.1016/j.ajodo.2005.05.050.  

26. Niaki EA, Chalipa J, Taghipoor E. Evaluation of 
oxygen saturation by pulse Oximetry in mouth 
breathing patients. Acta Med Iran. 2010;48(1):9-
11. PMID: 21137662. 

27. Cooper BC. Nasorespiratory function and orofacial 
development. Otolaryngol Clin North Am. 
1989;22(2):413-41. PMID: 2664660. 

28. Yamada T, Tanne K, Miyamoto K, Yamauchi K. 
Influences of nasal respiratory obstruction on 
craniofacial growth in young Macacafuscatamonkeys. 
Am J Orthod Dentofacial Orthop.1997;111:38-43. Doi: 
10.1016/s0889-5406(97)70300-7. 

29. Martin O, Muelas L, Viñas MJ. Nasopharyngeal 
cephalometric study of ideal occlusions. Am J Orthod 
Dentofacial Orthop. 2006;130(4): 436.e1-9. PMID: 
17045141. Doi: 10.1016/j.ajodo.2006.03.022.  

30. De Freitas MR, Alcazar NM, Janson G, de Freitas KM, 
Henriques JF. Upper and lower pharyngeal airways 
in subjects with Class I and Class II malocclusions 
and different growth patterns. Am J Orthod 
Dentofacial Orthop. 2006;130(6):742-5. PMID: 
17169736. Doi: 10.1016/j.ajodo.2005.01.033. 

31. Godt A, Koos B, Hagen H, Göz G. Changes in upper 
airway width associated with Class II treatments 
(headgear vs activator) and different growth 
patterns. Angle Orthod. 2011;81(3):440-6. PMID: 
21261483. Doi: 10.2319/090710-525.1. 

32. Zhao Y, Nguyen M, Gohl E, Mah JK, Sameshima G, 
Enciso R. Oropharyngeal airway changes after 
rapid palatal expansion evaluated with cone-beam 
computed tomography. Am J Orthod Dentofacial 
Orthop. 2010;137(4 Suppl): S71-8. PMID: 
20381764. Doi: 10.1016/j.ajodo.2008.08.026. 

33. El H, Palomo JM. Airway volume for different 
dentofacial skeletal patterns. American journal of 
orthodontics and dentofacial orthopedics. 2011 
Jun 1;139(6):e511-21. 

34. Hong JS, Oh KM, Kim BR, Kim YJ, Park YH. Three-
dimensional analysis of pharyngeal airway volume in 
adults with anterior position of the mandible. Am J 
Orthod Dentofacial Orthop. 2011;140(4):e161-9. 
PMID: 21967954. Doi: 10.1016/j.ajodo.2011.04.020.  

35. Ucar FI, Uysal T. Orofacial airway dimensions in 
subjects with Class I malocclusion and different 

growth patterns. Angle Orthod. 2011;81(3):460-8. 
PMID: 21299381. Doi: 10.2319/091910-545.1. 

36. Memon S, Fida M, Shaikh A. Comparison of 
different craniofacial patterns with pharyngeal 
widths. J Coll Physicians Surg Pak. 2012;22(5):302-
6. PMID: 22538035. 

37. Wang T, Yang Z, Yang F, Zhang M, Zhao J, Chen J, Li Y. A 
three dimensional study of upper airway in adult 
skeletal Class II patients with different vertical growth 
patterns. PLoS One. 2014;9(4):e95544. PMID: 
24755893. Doi: 10.1371/journal.pone.0095544. 

38. Zheng ZH, Yamaguchi T, Kurihara A, Li HF, Maki K. 
Three-dimensional evaluation of upper airway in 
patients with different anteroposterior skeletal 
patterns. Orthod Craniofac Res. 2014;17(1):38-48. 
PMID: 24033888. Doi: 10.1111/ocr.12029.  

39. Fastuca R, Perinetti G, Zecca PA, Nucera R, 
Caprioglio A. Airway compartments volume and 
oxygen saturation changes after rapid maxillary 
expansion: a longitudinal correlation study. Angle 
Orthod. 2015;85(6):955-61. PMID: 26516709. Doi: 
10.2319/072014-504.1.  

40. Salehi P, Shahidi S, Majdi B, Omidi M, 
Rezapoorgavareshki S, Hamedani S. Evaluation of the 
Relationship between Airway Volumes and Vertical 
Facial Growth Patterns in Adult Patients. Journal title. 
2015;4(4):20-30. Doi: 10.18869/acadpub.3dj.4.4.20 

41. Silva NN, Lacerda RH, Silva AW, Ramos TB. 
Assessment of upper airway measurements in 
patients with mandibular skeletal Class II 
malocclusion. Dental Press J Orthod. 2015; 20:86-
93. PMID: 26560826. Doi: 10.1590/2177-
6709.20.5.086-093.oar 

42. Alhammadi MS, Almashraqi AA, Halboub E, Almahdi S, 
Jali T, Atafi A, Alomar F. Pharyngeal airway spaces in 
different skeletal malocclusions: a CBCT 3D 
assessment. Cranio. 2021;39(2):97-106. PMID: 
30821659. Doi 10.1080/08869634.2019.1583301.  

43. Mohammed Korayem., et al. “Upper Airway 
Characteristics in Different SkeletalPatterns; A Review of 
Literature”. Acta Scientific Dental Sciences. 2019:139-
145. https://actascientific.com/ASDS/pdf/ASDS-03-05 
32.pdf 

44. Jadhav M, Bhosale V, Patil A, Shinde S. Comparison 
of Volumetric Dimensions of Pharyngeal Airway for 
Different Dentofacial Skeletal Patterns Using Cone 
Beam Computed Tomography. Folia Med (Plovdiv). 
2020;62(3):572-577. PMID: 33009755. Doi: 
10.3897/folmed.62. e48930.  

45. Alimohammadi M, Dadgar S, Mardanshahi Z, 
Moosazadeh M, Aryana M, Sobouti F. Comparing 
Pharyngeal Airway Dimensions in Cephalograms of 
Patients with Different Skeletal Patterns. J 
Mazandaran Univ Med Sci. 2020;30(188) :107-115 

46. Nath M, Ahmed J, Ongole R, Denny C, Shenoy N. 
CBCT analysis of pharyngeal airway volume and 
comparison of airway volume among patients with 
skeletal Class I, Class II, and Class III malocclusion: 
A retrospective study. Cranio. 2021;39(5):379-390. 
PMID: 31405348. Doi: 10.1080/08869634.2019. 
1652993.  

47. Shokri A, Mollabashi V, Zahedi F, Tapak L. Position of 

https://www.ncbi.nlm.nih.gov/books/NBK525974/
PMID:%201443877
doi:%2010.1164/ajrccm/146.5_Pt_1.1235
https://iris.paho.org/bitstream/handle/10665.2/52589/PAHOHSSMTCOVID-19200029_eng.pdf?sequence=1&isAllowed=y
https://iris.paho.org/bitstream/handle/10665.2/52589/PAHOHSSMTCOVID-19200029_eng.pdf?sequence=1&isAllowed=y
https://iris.paho.org/bitstream/handle/10665.2/52589/PAHOHSSMTCOVID-19200029_eng.pdf?sequence=1&isAllowed=y
PMID:%2017169731.
PMID:%2017169731.
doi:%2010.1016/j.ajodo.2005.05.050.
PMID:%2021137662.
PMID:%202664660
doi:%2010.1016/s0889-5406(97)70300-7.
doi:%2010.1016/s0889-5406(97)70300-7.
PMID:%2017045141.
PMID:%2017045141.
doi:%2010.1016/j.ajodo.2006.03.022.
PMID:%2017169736
PMID:%2017169736
doi:%2010.1016/j.ajodo.2005.01.033.
PMID:%2021261483
PMID:%2021261483
doi:%2010.2319/090710-525.1.
PMID:%2020381764.
PMID:%2020381764.
doi:%2010.1016/j.ajodo.2008.08.026.
PMID:%2021967954.
doi:%2010.1016/j.ajodo.2011.04.020.
PMID:%2021299381
doi:%2010.2319/091910-545.1.
PMID:%2022538035.
PMID:%2024755893
PMID:%2024755893
doi:%2010.1371/journal.pone.0095544.
PMID:%2024033888.
doi:%2010.1111/ocr.12029.
PMID:%2026516709
doi:%2010.2319/072014-504.1.
doi:%2010.2319/072014-504.1.
doi:%2010.18869/acadpub.3dj.4.4.20
PMID:%2026560826
doi:%2010.1590/2177-6709.20.5.086-093.oar
doi:%2010.1590/2177-6709.20.5.086-093.oar
PMID:%2030821659
PMID:%2030821659
doi:%2010.1080/08869634.2019.1583301.
https://actascientific.com/ASDS/pdf/ASDS-03-0532.pdf
https://actascientific.com/ASDS/pdf/ASDS-03-0532.pdf
PMID:%2033009755.
doi:%2010.3897/folmed.62.e48930.
doi:%2010.3897/folmed.62.e48930.
PMID:%2031405348
doi:%2010.1080/08869634.2019.1652993.
doi:%2010.1080/08869634.2019.1652993.


Abraham R et al. 

 

12                                                                                                                                                                    Iran J Orthod. 2023 December; 18(2): e1115. 

 

the hyoid bone and its correlation with airway 
dimensions in different classes of skeletal malocclusion 
using cone-beam computed tomography. Imaging Sci 
Dent. 2020;50(2):105-115. PMID: 32601585. Doi: 
10.5624/isd.2020.50.2.105.  

48. Chen X, Liu D, Liu J, Wu Z, Xie Y, Li L, Liu H, Guo T, 
Chen C, Zhang S. Three-Dimensional Evaluation of 
the Upper Airway Morphological Changes in 
Growing Patients with Skeletal Class III 
Malocclusion Treated by Protraction Headgear and 
Rapid Palatal Expansion: A Comparative Research. 
PLoS One. 2015;10(8): e0135273. PMID: 
26252015. Doi: 10.1371/journal.pone.0135273.  

49. Lakshmi KB, Yelchuru SH, Chandrika V, Lakshmikar 
OG, Sagar VL, Reddy GV. Comparison between 
Growth Patterns and Pharyngeal Widths in 
Different Skeletal Malocclusions in South Indian 
Population. J Int Soc Prev Community Dent. 

2018;8(3):224-228. PMID: 29911059.  Doi: 
10.4103/jispcd.JISPCD_77_18.  

50. Kochhar AS, Sidhu MS, Bhasin R, Kochhar GK, 
Dadlani H, Sandhu J, Virk B. Cone beam computed 
tomographic evaluation of pharyngeal airway in 
North Indian children with different skeletal 
patterns. World J Radiol. 2021;13(2):40-52. PMID: 
33728030. Doi: 10.4329/wjr. v13.i2.40.  

51. Soni J, Shyagali TR, Bhayya DP, Shah R. Evaluation of 
pharyngeal space in different combinations of Class II 
skeletal malocclusion. Acta Inform Med. 
2015;23(5):285. Doi: 10.5455/aim.2015.23.285-289.  

52. Gupta H, Dua VS, Khanna M. A Cephalometric 
Comparative Study for Upper Airway Dimensions in 
Different Craniofacial Growth Patterns. Int J Health 
Res. 2018;2(6):150-156. 45. doi: 10.26440/ 
IHRJ/02_06/200 

 

PMID:%2032601585
doi:%2010.5624/isd.2020.50.2.105.
doi:%2010.5624/isd.2020.50.2.105.
PMID:%2026252015
PMID:%2026252015
doi:%2010.1371/journal.pone.0135273.
PMID:%2029911059
doi:%2010.4103/jispcd.JISPCD_77_18.
doi:%2010.4103/jispcd.JISPCD_77_18.
PMID:%2033728030.
PMID:%2033728030.
doi:%2010.4329/wjr.v13.i2.40.
doi:%2010.5455/aim.2015.23.285-289
doi:%2010.26440/IHRJ/02_06/200
doi:%2010.26440/IHRJ/02_06/200

