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ABSTRACT
OBJECTIVE: This study was performed to investigate changes in dentofacial characteristics associated with 
mouth breathing (MB) and adenoidectomy.
BACKGROUND: MB is considered to be an etiological factor of malocclusion. Adenoidectomy is supposed to 
have the ability to prevent the development of dentofacial deformities. 
METHODS: This retrospective study included 123 patients, namely 57 nose breathers, 19 former mouth 
breathers, who have undergone adenoidectomy, and 47 mouth breathers. The groups were compared 
according to their skeletal and dental characteristics. The measurements of each individual were obtained from 
lateral cephalograms and dental casts. The comparison was done using one-way ANOVA, Bonferroni post-hoc, 
Mann–Whitney U and Kruskal-Wallis tests. The statistically signifi cant difference was defi ned as p<0.05. 
RESULTS: The MB group showed an increase in ArGoMe (p=0.02) angle. No difference was found in the 
sagittal parameters among the groups. Upper dental arch compression was positively correlated with MB
(p=0.00), even in adenoidectomy cases (p=0.01). 
CONCLUSION: MB alters the vertical and transverse growth of the craniofacial complex. It is associated 
with longer lower anterior facial height and decreased maxillary intermolar distance. However, it does not 
infl uence the sagittal parameters. Airway clearance via adenoidectomy promotes the normalization of vertical 
parameters (Tab. 1, Fig. 2, Ref. 20). Text in PDF www.elis.sk
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Introduction

Nasal breathing in coordination with normal swallowing, mas-
tication, posture of the head, tongue, and lips promotes the proper 
growth and development of splanchnocranium (1). Therefore, any 
dysfunction can result in aberrant skeletal and dental characteris-
tics of the craniofacial complex. Clinical and experimental data 
have shown that adjacent soft tissues infl uence the growth. This 
principle is known as “functional matrix theory” and was fi rstly 
stated by Moss (2). Even light forces can determine the growth 
pattern of splanchnocranium if they are of long duration. Therefore, 
since mouth breathing disturbs the equilibrium of oropharyngeal 
muscles, it causes muscular and postural alterations (3).

Chronic upper airway obstruction affects negatively the de-
velopment of craniofacial complex. It has been mostly associated 
with adenoid hypertrophy, thus the term “adenoid faces” (4), which 
is synonymous with the “long face syndrome” and the “high angle” 
facial pattern (5). The typical features of mouth breathers include 
increased lower facial height, lip incompetence, narrow alar base, 
compressed maxillary dental arch with high palatal vault, posterior 

crossbite, and class II skeletal pattern (6). Mouth-breathing patients 
have mixed breathing. Nowadays, exclusive mouth breathing is 
infrequent owing to the development of anti-allergic drugs and 
surgical procedures (7). 

Although there is signifi cant evidence that defi cient nose 
breathing leads to mouth-nose breathing, its exact impact on 
splanchnocranium morphology remains obscure. Therefore, there 
is an unequivocal necessity for further investigation. This study 
was aimed at assessing the differences in skeletal and dental charac-
teristics of the splanchnocranium through lateral cephalometric 
radiographs and dental casts between nose-breathing, adenoidec-
tomy, and mouth-breathing patients. 

The removal of obstructive factors is considered to promote 
the normalization of breathing patterns, which thus balances the 
dentition growth and enhances the orthodontic treatment stability 
(8). Hence, it has been proposed that adenoidectomy or tonsillec-
tomy could potentially inhibit or even reverse the development of 
dentofacial deformity at early stages of skeletal development (9).

Materials and methods

Study design
This observational retrospective study was approved by the 

Ethical Committee of St. Elizabeth Cancer Institute, Heydukova 10, 
812 50, Bratislava, Slovakia. The study involved 123 patients (72 
females and 51 males) aged between 9 and 47 years, who sought 
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orthodontic treatment at the Department of Stomatology and Maxil-
lofacial Surgery, Comenius University in Bratislava. Informed con-
sents were obtained from all patients or legal guardians. The sample 
was consecutive and consisted of a large number of subjects to pre-
vent control errors, and the same examiner performed all the data 
measurements to ensure consistency and quality of results (10, 11). 

Based on the anamnestic data and clinical examinations, the 
patients were divided into three groups according to their predomi-
nant breathing type and history of adenoidectomy. The fi rst group 
included nasal-breathing (NB) patients (35 females and 22 males; 
age 15.08 ± 7.36 years). The second group was composed of for-
mer mouth-breathing (FMB) patients (14 females and 5 males; age 
of 20 ±11.62 years). This group had a positive medical history of 
adenoid hypertrophy and mouth breathing. Subsequently, they un-
derwent adenoidectomy at age 3 to 6 years to establish nose breath-
ing. The third group consisted of mouth-breathing (MB) patients 
(23 females and 24 males; age 13.04 ± 4.76). The FMB and MB 
groups were considered as study groups and the NB group served 
as a control. Patients who reported to have developed bad habits 
(eg. thumb sucking, pacifi er use, tongue thrusting) and those who 
had been already treated orthodontically were excluded.

Cephalometric image and dental cast analysis
Digital lateral cephalometric radiographs and alginate impres-

sions were obtained for all the patients; the latter were processed 
on the same day to create plaster study models. One of the authors, 
who was blinded to the patients’ respiration pattern and their ade-
noidectomy history, performed the evaluations of the dental and 
skeletal characteristics. The lateral cephalometric analysis was 
obtained to calculate the sagittal and vertical skeletal parameters, 
whereas, the values of plaster models were used to evaluate the 
transverse parameters. More specifi cally, the intercanine, intepre-
molar, and intermolar widths were measured with a digital calli-
per. Ectopic or signifi cantly anomalous teeth were excluded from 
the cast analysis. Further, all data were numerically labelled and 
sent to another author, who was also blinded to group allocation 
of patients, to perform the statistical analysis. 

Cephalometric analysis
The following cephalometric variables were evaluated:
Sagittal parameters (clinical norm):
ANB (1.6 ± 1.5°) – represents the relative position of the maxilla 

to mandible
SNA (82.0 ± 3.5°) – represents the sagittal position of the maxilla 

relative to the cranial base
SNB (80.0 ± 3.0°) – represents the sagittal position of the mandible 

relative to the cranial base
Vertical parameters (clinical norm):
PP-MP (25 ± 6°) – represents the palatal plane relative to the 

mandibular plane 
SN-MP (33 ± 6°) – represents the anterior cranial base relative to 

the mandibular plane. 
N-S-Ba (131 ± 4.5°) – describes the cranial base fl exure angle
ArGoMe (124.9 ± 6.7°) – describes the degree inclination of the 

ramus relative to the body of the mandible. 

Model analysis:
Maxilla (Mx):
• Intercanine distance (MxIC)
• Distance between the buccal cusps of fi rst premolars (MxIP)
• Distance between the mesial groove the fi rst molars (MxIM)
• Mandible (Mn):
• Intercanine distance (MnIC)
• Distance between the buccal cusps of fi rst premolars (MnIP)
• Distance between the distobuccal cusp of fi rst molars (MnIM)

Statistical analysis
The statistical analysis was performed using Biostat 2009, Ori-

gin8 and Excel 2011. The normality of the data was checked with 
the Shapiro-Wilk’s test. The Student’s t-test was used to compare 
the normal data distribution of samples with the assumption of un-
equal variance (2 variables). ANOVA was employed to compare the 
means of three independent data sets that are normally distributed 
(ANB, SNA, SNB, MxIC, MnPM, MnIM). In case of fi nding a 
signifi cant difference between groups (PP-MP), Bonferroni post-
hoc tests for repeated comparisons were performed to determine 
where the difference lies. Results are expressed as mean ± SD. 

For variables that did not show normal data distribution (SN-
MP, ArGoMe, MnIC, MxPM, MxIM), the non-parametric Krus-
kal-Wallis’s test one-way analysis of variance was applied. Mann-
-Whitney ranking test was used to further examine the differences 
between groups when the assumption of normality was violated 
(ArGoMe, MxIM). The correlation and relationship between the 
parameters were evaluated by the Pearson correlation coeffi cient 
r. In case of fewer than 20 data, the Spearman’s non-parametric 
test was applied with the R coeffi cient. The possible existence of 
non-linear relations was checked with the coeffi cient R, or R2. 
Multivariate analysis was also performed and statistical signifi -
cance was defi ned as p < 0.05.

Results

The values of measured skeletal and dental parameters are 
shown in Table 1.

Comparison of skeletal values 
The statistical evaluation of ANB, SNA, SNB, SN-Ba, PP-MP 

and SN-MP angles showed no statistically signifi cant differences 
between the study groups and controls (p > 0.05). A signifi cantly in-
creased ArGoMe angle (p = 0.02) was observed in MB patients com-
pared with the controls. However, the ArGoMe angle of FMB patients 
showed no signifi cant differences when compared with the control 
group (p = 0.55). The results are graphically displayed in Figure 1. 

Comparison of dental values
The MxIC, MnIC, MnIP, and MnIM widths showed no sig-

nifi cant differences among the groups (p > 0.05). The statistical 
signifi cance distinction of MxIP width of MB group remained on 
the borderline (p = 0.07). When compared with the controls, the 
MxIM width of either the FMB group (p = 0.01) or MB group (p = 
0.00) showed a signifi cant difference. The study groups presented
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had decreased MxIM. Nonetheless, no statistically signifi cant 
difference was observed in MxIM width between FMB and MB 
patients (p = 1.00). The results are graphically shown in Figure 2. 

Discussion

Currently, many studies point to a change in the development 
of anatomical characteristics of the human skull. Chronic upper 
airway obstruction is very likely involved in this development (12).

The results of individual studies and clinical observations 
do not lead to defi nite answers regarding the degree to which 
mouth breathing interferes with the normal craniofacial growth 
and development. Thus, our study aimed fi rstly to investigate 
the dental and skeletal abnormalities in mouth-breathing patients 
and secondly to identify the plausible impacts of adenoidectomy 

on the dentofacial characteristics of former 
mouth-breathing patients. 

The most typical manifestations of 
mouth breathers include excessive molar 
tooth eruption with a clockwise rotation of 
the mandible, disproportional increase in the 
lower anterior and overall vertical face height 
with narrowed pharyngeal airway space 
(13), and maxillary compression (14). The 
effects of mouth breathing on the sagittal axis 
is a debatable issue that gave rise to two dif-
ferent schools of thoughts. More specifi cally, 
the constant distraction of the condyle away 
from the fossa may act as a growth stimulus 

for the mandible. Therefore, a tendency to class III is documented in 
the literature (15). In contrast, Pirilä-Parkkinen et al (16) support that 
mouth breathers acquire a skeletal class II because the individuals 
depress their mandible to keep their mouth open, which then exerts 
a backward pressure upon the ramus. As a result, the support of that 
mandible is displaced distally and its growth is usually retarded. 

Contrary to the attention given to the sagittal and vertical 
axes, the transverse parameters have been inadequately investi-
gated. However, in the literature, MB is mostly associated with a 
decreased maxillary width (17, 18). This may happen due to the 
lower position of the tongue, which inhibits the maintenance of 
the upper airway diameter (5).

Furthermore, adenoidectomy in children is reported to promote 
the normalization of skeletal characteristics in MB patients. A study 
of Swedish children showed that before their adenoidectomy, they 
had a signifi cantly longer anterior face height and tendency towards 
maxillary compression, whereas, after their treatment, the results 
showed that on average, their dentofacial morphology was norma-
lized and had a propensity for acquiring the mean values of the con-
trol group. More specifi cally, the fi ve-year post-treatment follow up 
confi rmed a shortening of the anterior cranial base and nose (19). 

The present study is the fi rst one to categorise 3 different 
groups of subjects according to their individual breathing pattern 
and medical history, as well as to test the effects of mouth breath-
ing and adenoidectomy in comparison not only to nose breathers 
but also to each other. 

More specifi cally, our FMB group consisted of former mouth-
breathing patients who had been diagnosed with hypertrophy 
of adenoids and subsequently underwent adenoidectomy during 
childhood or 3 years before the day of admission to our depart-
ment. The period of 3 years after surgery is considered to be ade-
quate time for vertical skeletal parameters to normalise (20). As 
to the maxillary intermolar width, the results of our study showed 
a statistically signifi cant distinction between the FMB and NB 
groups, which indicates a maxillary compression. Nevertheless, 
the transverse parameters of FMB and MB show no signifi cant 
statistical change between them. As a result, the adenoidectomy 
is not effective in re-establishing the transverse parameters. In ad-
dition, no statistically signifi cant difference was detected in the 
cephalometric parameters (vertical and sagittal) between FMB and 
NB individuals. Thus, the adjustment of nasal breathing with the 

NB FMB MB
ANB 4.0 (2.3; 5.0) 4.0 (1.3; 6.0) 4.3 (3.0; 6.0)
SNA 82.0±3.7 81.1±4.3 81.2±4.0
SNB 76.7±3.7 77.9±4.5 78.3±3.8
SN-Ba 129.4 (126.8; 134.9) 131.1 (131.0; 132.4) 130.3 (127.6; 133.4)
PP-MP 25.2±6.1 24.0±5.7 26.7±5.3
SN-MP 31.0 (26.8; 35.0) 31.0 (28.6; 35.8) 33.0 (28.8; 36.0)
ArGoMe 123.9 (119.3; 126.9) 122.0 (120.6; 129.4) 126.7 (122.8; 130.3)
MxIC 33.7±2.1 32.8±2.5 34.4±2.4
MnIC 26.3 (25.4; 27.2) 26.2 (24.9; 27.3) 26.3 (24.9; 27.8)
MxIP 41.0 (39.3; 42.8) 38.5 (38.0; 42.8) 39.9 (37.8; 41.8)
MnIP 33.5±1.9 33.7±2.5 33.6±2.0
MxIM 46.6±2.7 44.5±2.3 44.6±3.0
MnIM 47.2±2.6 45.8±2.9 47.1±3.1

Tab. 1. Values of examined skeletal and dental parameters.

Fig. 1. ArGoMe angle – statistical evaluation.

Fig. 2. Maxillary fi rst-molar distance – statistical evaluation.
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removal of obstruction seems to facilitate the normalization of the 
tongue and hyoid bone postures, which accelerates the mandibular 
growth and closure of the mandibular plane angle. 

The MB group was composed of patients with chronic nasal 
respiratory obstruction at the time of admission to the orthodontic 
department. This group showed a signifi cantly decreased maxil-
lary intermolar width in comparison to NB. However, the analysis 
of the rest of transverse parameters (MxIC, MxIP, MnIC, MnIP, 
MnIP) did not show any statistically signifi cant difference among 
the groups. Besides, a substantial increase in the ArGoMe angle 
was observed, which indicates an increased mandibular clockwise 
rotation characterized by decreased posterior facial height and 
increased lower anterior facial height. The rest of cephalometric 
parameters displayed no abnormal growth changes. Moreover 
though, current studies still assume there is a connection between 
mouth breathing and skeletal malocclusions (11, 13); the absence of 
statistical difference in both ANB and SNB angles in our research 
indicates no tendency to a protruded/retruded position of the man-
dible in MB patients. Thus, a possible explanation of any tendency 
to class II/III found in literature could be based on genetic factors. 

Conclusion

Until today, there is still not a commonly accepted protocol pro-
vided for the diagnosis of MB. In this study, the breathing mode was 
defi ned fi rstly by answers to questions listed in an extended ques-
tionnaire concerning the patients’ medical history. and secondly, by 
their clinical examination. Thus, three different groups were formed 
regarding their breathing technique and adenoidectomy history. 

The present study confi rms the signifi cant correlation between 
mouth breathing and vertical facial patterns with a decrease in 
maxillary intermolar width. The sagittal parameters did not show 
any statistically signifi cant differences among the groups. As a 
result, it can be concluded that mouth breathing has less or even 
no infl uence on the sagittal growth and development of splanchno-
cranium. Due to the absence of statistically signifi cant differences 
between the nose-breathing group and adenoidectomy group, it is 
confi rmed that the removal of obstruction has a favourable effect 
on the vertical skeletal development of splanchnocranium. How-
ever, the transverse dental characteristics did not benefi t since ade-
noidectomy patients showed a signifi cant compression of maxilla.

Learning points

Mouth breathing is associated with long facial pattern and 
maxillary compression. 

The sagittal parameters of mouth breathing patients remain 
unaffected.

Adenoidectomy has a favourable effect on the vertical skeletal
growth and development of splanchnocranium, but not on trans-
verse parameters.
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