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Abstract 

Background  The role of interdental widths and palatal morphology on the development of obstructive sleep apnea 
(OSA) has not been well investigated in adult patients yet. The aim of this paper was to assess the morphology of 
maxilla and mandibular dental arches on three-dimensional (3D) casts and to correlate these measurements with the 
severity of OSA.

Methods  Sixty-four patients (8 women and 56 men, mean age 52.4) with a diagnosis of mild-to-moderate OSA were 
retrospectively enrolled. On each patient, home sleep apnea test and 3D dental models were collected. Apnea-hypo-
pnea index (AHI) and oxygen desaturation index (ODI) were recorded, as well as the dental measurements including 
inter-molar distance, anterior and posterior widths of maxillary and mandibular arches, upper and lower arch lengths, 
palatal height, and palatal surface area. The respiratory and dental variables were then correlated.

Result  A statistically inverse correlation was found between ODI and anterior width of lower arch, maxillary arch 
length, palatal height, and palatal area. AHI showed a significant inverse correlation with anterior width of mandibular 
arch and maxillary length.

Conclusion  A significant inverse correlation between maxillary and mandibular morphology and respiratory param-
eters was shown in the present paper.

Keywords  3D printing, Craniofacial anomalies, Obstructive sleep apnea, Morphometrics, Sleep apnea

Introduction
Sleep-related breathing disorders (SRBD) include a large 
spectrum of breathing anomalies that occur during sleep, 
ranging from chronic or habitual snoring to obstructive 
sleep apnea (OSA).

As reported by the American Academy of Sleep Medi-
cine (AASM), OSA is the most common SRBD, and it is 
characterized by recurrent episodes of obstruction of the 
upper airways that cause oxygen desaturation [1]. In fact, 
the repetitive collapse and reopening of the airways dur-
ing night induces an intermittent hypoxia and hypercap-
nia [2] which lead to a sleep fragmentation, loud snoring, 
increased respiratory effort and significant worsening of 
the sleep quality [3]. These conditions are also associated 
with a wide range of clinical symptoms both in the short 
and the long term, such as excessive daily sleepiness, 
decreased quality of life, increased risk of accidents, car-
diovascular mortality and morbidity, cognitive or meta-
bolic diseases [2, 4].
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Although the pathogenesis of OSA is related to a nar-
row and collapsible pharynx, its pathophysiology is com-
plex [5, 6]. In fact, a large variety of factors may influence 
the caliber of the upper airway during sleep, affecting the 
anatomic dimensions of the upper airway, the pharyn-
geal muscle control and the central control of respiration 
[7]. These factors, alone or in combination, may obstruct 
the passage of air in the upper airways [8], because the 
reduction of the muscular tone and the alteration of the 
respiratory control may cause a pharyngeal lumen con-
striction and an increase in the airway resistance which 
induce a partial or total obstructive events, in predis-
posed subjects [4].

At the same time, abnormalities of the facial skeleton 
may contribute to the OSA development, affecting both 
hard and soft tissues [9]. The most frequent alterations 
are reduced maxillary and mandibular dimensions, distal 
position of hyoid bone, long face, mandibular retroposi-
tion, narrow upper airway, increased volume of tongue 
and soft palate, hypertrophy of adenoids and tonsils 
(especially in growing children) [2, 4].

Many studies have focused on the influence of inter-
dental width and palatal morphology on the onset of 
OSA in growing patients [4]. Previous literature is agreed 
that pediatric subjects with narrow or high-arched hard 
palate are predisposed to OSA and often present dental 
crowding or malocclusion [10, 11].

Nevertheless, despite the agreement of literature on 
the role of narrow arch, in adult patients the influence 
of the maxillary morphology and the dental widths on 
the development of OSA is scarce and still unclear [4], 
reporting contrasting results.

According to Seto et  al. [12], the results of Irland-
ese et al. [4] reported that OSA patients had a narrower 
dental arch form compared to healthy subjects, and that 
the interdental widths at molar, premolar and canines 
level were significantly reduced, both in the maxillary 
and mandibular arches. Instead, although a smaller pala-
tal volume was reported in apneic patients compared to 
controls, Kecik et al. [2] found that only the inter-molar 
width was significantly reduced in OSA subject, while the 
inter-canine distance showed no statistical differences 
between two groups. Moreover, Johal and Conaghan [13] 
did not find any significant differences in the interden-
tal widths, even if significant differences were observed 
between OSA and control subjects in the palatal height 
measurements and in the maxillary morphology.

Therefore, although craniofacial characteristics are 
considered among the predisposing factors for OSA, the 
role of the dental arch form and palatal vault in the etiol-
ogy of OSA has not been accurately described yet, and 
this shortcoming needs to be addressed to develop evi-
dence-based clinical practice.

The aim of this study was to evaluate the morphology 
of maxillary and mandibular dental arches of adult SRBD 
patients and to determine any correlation of these dental 
dimensions with the indexes of OSA severity.

Materials and methods
A power analysis (G*Power 3.1.9.2, Franz Faul, Universi-
tat Kiel, Germany) revealed that to detect a large effect 
size of 0.4 [14] with a correlation test, considering an 
alpha of 0.05 and a power of 0.90, 58 subjects would be 
needed. A 10% was added to this calculation, leading to a 
final sample size of 64.

Thus, the sample consisted of 64 patients (8 women 
and 56 men, mean age 52.4, age range 21-79 years) that 
were retrospectively enrolled in the present study from 
patients visited at the Orthodontics and Sleep Medi-
cine Unit of the Dental Clinic of the University of Fog-
gia, and that referred a sleep related breathing disorder 
(SRBD).   All the procedures of this research protocol 
have adhered to the Declaration of Helsinki and have 
been approved by the Ethics Committee of the University 
of Foggia (Approval no. 43/CE/2019). A written consent 
was signed by each patient.

Patients criteria selection
Patients were screened in chronological order from Jan-
uary 2012 to January 2022 according to the following 
inclusion criteria: Age greater than 18  years old, body 
mass index (BMI) lower than 33,9 kg/m2, a diagnosis of 
OSA (i.e., from simple snoring to severe OSA) confirmed 
by HSAT.

Exclusion criteria were as follows: smoking habit, peri-
odontitis or tooth loss, any comorbidities such as cardio-
vascular or pulmonary diseases, previous cervical trauma 
or neurological disorders.

Models evaluation
Dental impressions of sixty-four patients were scanned 
with intraoral scanner TRIOS 3® (3Shape, Copenha-
gen, Denmark). 3D models were analyzed using Ortho 
Viewer® (3Shape, Copenhagen, Denmark) and Autodesk 
Meshmixer® (San Rafael, CA, USA) software.

Using the “Measurement” function on Ortho Viewer® 
software, the following linear measurements were recorded 
in the sagittal, vertical and transversal plane, as follows:

•	 Inter-molar distance, defined as the distance between 
the palatal grooves of the upper first molars with the 
gingiva [15] (Fig. 1a).
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•	 Anterior arch widths, defined as the distance 
between the centroids of the upper and lower 
canines, as described by Moyers et al. [16] (Fig. 1b,c).

•	 Posterior arch widths, defined as the distance 
between the centroids of the upper and lower first 
molars [16] (Fig. 1d,e).

•	 Maxillary and mandibular arch lengths, namely the 
arch depth from the midpoint of the most labial 
points of the central incisors to the maxillary first 
molars at the centroid points (Figs. 1f, g).

Using Autodesk Meshmixer®, a linear and a 3D meas-
urements were also recorded, through "point to plane" 
and “select brush” function, respectively:

•	 Palatal height, defined by drawing a mid-sagittal 
plane along the median palatine raphe, perpendic-
ular to the horizontal plane between right and left 
upper first molars. Considering this orientation, 
the intersection line of this sagittal plane in the 
model allowed to measure the palatal depth along 
the median raphe perpendicular to the inter-molar 
plane [15] (Fig.  2a). The maximum distance was 
used for analysis.

•	 Palatal surface area, defined as the palatal area iso-
lated by the rest of the model and expressed in mm2 
(Fig. 2b, c).

To estimate the method error, fifteen digital models 
were randomly selected and the measurements were 

repeated by the same operator at a one month interval. 
Then, the Dahlberg’s formula was used to calculate the 
random error between the two sets of measurements.

HSAT analysis
Each patient received a HSAT. Although with some 
limitations, HSAT is considered a valuable tool for OSA 
assessment by the American Academy of Sleep Medi-
cine (AASM) [17]. The registration was considered 
effective if the device successfully registered for more 
than 4 h without interruption. The data from the HSAT 
records were used for a manual scoring according to 
the AASM criteria from 2007 [18]. All subjects were 
evaluated for one night using a type 2 portable device 
(Embletta system X-100, Flaga, Reykjavik, Iceland). 
Overnight continuous recordings of oxygen saturation 
were obtained by a finger pulse oximeter. The detailed 
description of the evaluated parameters is shown in 
Table 1.

Statistical analysis
Data have been analyzed using GraphPad Prism soft-
ware 6.0 (GraphPad Prism Software, San Diego, CA, 
USA). Data were evaluated using Shapiro–Wilk nor-
mality test with a confidence level of 95%. Mean, stand-
ard deviation (SD), standard error of mean (SEM) and 
upper and lower 95% confidence of mean were evalu-
ated. Because the majority of the variables were not 
normally distributed, a nonparametric statistical test 

Fig. 1  a. Upper inter-molar distance, b. Anterior width of upper arch, c. Anterior width of lower arch, d. Posterior width of upper arch, e. Posterior 
width of lower arch, f. Upper arch length, g. Lower arch length
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was used (Spearman’ rho test). To evaluate the possible 
effect of sex, two different tests were then performed 
for males and females separately. Type error was set as 
p < 0.05 for all the tests.

Results
All sixty-four patients included in the study showed an 
OSA from mild to severe entity with a mean AHI of 23.98 
and a mean ODI of 17.48 (Table  2). The random error 
was between 0.14 and 0.17 mm, with the only exception 
of the inter-molar width that showed a random error of 
0.47 mm. The results of statistical analysis are shown in 
Table 3, 4, 5 and 6.

Patient’s age was not correlated to OSA severity as 
expressed by the AHI and ODI indexes (Table  3); since 
dental arch shape is not dependent on patient’s age as 
well, it was decided to do not include the variable “age” 
into the further analysis. The Spearman analysis showed 
the statistical correlation between six maxillo-mandib-
ular values and HSAT data (Table 4). A statistically sig-
nificant inverse correlation was found between ODI and 

the morphological measurements of the palatal height 
(r = − 0,322, p < 0.01), of the upper length (r = − 0,559, 
p < 0.01), of the palatal area (r = − 0,330 p < 0.01) and of 
the anterior width of the mandibular arch (0,323 p < 0.01). 
A significant inverse correlation was also reported for 
AHI and the anterior width of the lower arch (r = − 0,419 
p < 0.01) and the maxillary length (r = 0,439 p < 0.01).

When males and females were analyzed separately, the 
same correlation pattern was observed for male patients 
(Table  5). When considering female patients, the same 
pattern of correlation was observed, but due to the lim-
ited number of subjects only the correlation between 
ODI and the length of the upper arch and between ODI 
and AHI reached statistical significance (Table 6).

Discussion
The role of abnormalities of craniofacial soft and hard tis-
sues has been widely recognized in the development of 
OSA, and most of the studies available in literature have 
focused on therapeutic strategies aimed to correct or 
improve craniofacial structures [12].

Fig. 2  a. Palatal height, b. Palatal surface area, c. Palatal surface area separated from the rest of the maxilla

Table 1  Description of HSAT parameters

Apnea-hypopnea index (AHI) The number of apnea and hypopnea events per hour of sleep. It defined the OSA severity as followed: mild, 5–14.9; 
moderate, 15–30; severe, > 30. An AHI of < 5 was considered normal

Oxygen desaturation index (ODI) The number of times that oxygen desaturates by 4% per hour of sleep
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In adult patients, continuous  positive  airway  pres-
sure  (CPAP) is actually considered the standard non-
invasive  treatment  for moderate-to-severe OSA [19]. 
However, patients’ adherence to CPAP  is limited; there-
fore, non-CPAP  therapies are frequently explored [20]. 
The surgical treatment of the upper airway or of the hyoid 
bone is also a viable treatment option, but it is an invasive 
method often not accepted by the patient [3]. In addi-
tion, mandibular advancement device (MAD) is a valid 
alternative in patients with mild-to-moderate OSA who 
refuse CPAP or surgical treatment [21], as recommended 
by AASM [1]. Recently, the Rapid Maxillary Expansion 
(RME) has been proposed as a treatment modality for 
OSA [13] and numerous systematic reviews and meta-
analysis of the literature have proven the efficacy of RME 
to treat this disease in growing patients because the influ-
ence of the narrow palatal morphology as a predisposing 
factor for OSA has been assessed in pediatric patients 
[10, 11].

On the contrary, in adult patients, the role of den-
tal arch form and interdental widths on OSA etiology 
is still unclear [4, 13]. Although some skeletal pat-
terns may be considered as predisposing factors for 
OSA, dental arch form and palatal vault are not strictly 
related to facial form, since alveolar bone growth can 
be influenced by a complex compensatory mechanism 
[2, 13, 22].

In addition, the only few available studies that have 
investigated the association of arch morphology and 
OSA have exclusively compared the dental morphology 
between patients with apnea and controls, to assess any 
differences in size and form of the dental arches among 
OSA and healthy subjects [2, 4, 6, 12, 13]. Moreover, all 
of these articles evaluated only the upper arch, except for 
the study of Irlandese et  al. [4] in which also the lower 
arch was considered.

As far as we know, this is the first study correlating the 
dental form and dimension of maxillary and mandibular 
arches to OSA severity. To only evaluate the influence 
of arch characteristics on OSA and to avoid selection 
bias due to obesity in the study sample, subjects with a 
BMI score greater than 33 were excluded. In addition, 
BMI was not investigated as a variable that could cor-
relate with AHI, ODI and arch form, because previous 

studies have demonstrated that BMI is poorly related to 
the degree of OSA severity [23–25].

Only Kecik [2] and Irlandese et  al. [4] used digital 
measurements on 3D casts, while the other studies 
were conducted using manual measurements on plas-
ter models [12, 13]. In the present study, 3D models 
were preferred for handling and management simplic-
ity, and to be able to evaluate the palatal area easily. The 
measurements evaluated by the present authors may be 
considered replicable and routinely used for diagnosis 
by every orthodontist, allowing to evaluate the dental 
arch dimension and morphology accurately compared 
to traditional manual method [26].

The present findings showed a significant inverse cor-
relation between respiratory parameters and some den-
tal measurements. The worsening of both AHI and ODI 
was associated with a significant reduction of maxillary 
arch length and of mandibular anterior width. A signif-
icant decrease in the palatal height and in the palatal 
area was also related to an increase in ODI. These find-
ings should be explained considering that the arch con-
striction is a clinical predisposing factor to OSA [12]. 
Therefore, a reduced maxillary length and mandibular 
width may affect the OSA severity, promoting a low 
tongue position and the consequent narrowing of the 
back-tongue space [4].

At the same time, the palatal height itself is not a 
reliable indicator of maxillary contraction [12], and its 
role in the development of OSA is still a topic of dis-
cussion. A recent review [27] reported that palatal 
height does not have a significant correlation with the 
onset of OSA. In the present study, the inverse corre-
lation between ODI and palatal height may be due to 
the reduced overall palatal surface available for the 
tongue, as also confirmed by the significant decrease in 
the palatal area reported in the current findings. Con-
sequently, because of the smaller palatal volume, the 
tongue may move backward and downward, reducing 
the upper airway caliber during sleep and negatively 
influencing the OSA severity [28, 29].

According to the present results, Irlandese et  al.
[4] reported a significant reduction of the lower inter-
canine width in OSA patients, although they also 
reported a significant decrease in the mandibular inter-
molar width, not reported in the present study.

In the current paper, no differences in the upper 
interdental widths were found in the anterior and pos-
terior area, contrasting to the results of Kecik [2] and 
Irlandese et  al. [4] which demonstrated the significant 
decrease in inter-molar and inter-canine distances of 
maxillary arch in OSA group.

In the evaluation of the upper arch, Johal and Cona-
ghan [13] reported no significant modifications in the 

Table 3  Spearman Rho test for correlation between patient’s 
age and OSA severity

Age AHI ODI

Age − 0.160 0.023

AHI − 0.156 0.699

ODI 0.023 0.699
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dental transversal discrepancies, both for the anterior 
and posterior area, similarly to the current findings.

On the contrary, according to Seto et  al. [12], a sig-
nificant reduction of the maxillary length was demon-
strated by the given results, in contrast to Johal and 
Conaghan [13] that did not reveal a statistical increase 
in the upper arch depth.

In addition to linear measurements, in the present 
study, the 3D analysis of the palatal surface was car-
ried out. Among the available literature, the volumetric 
analysis of the palatal area was performed only by Kecik 
[2] which, using digital models, confirmed a significant 
reduction of the palatal volume in OSA patients. More-
over, in this previous study, a significant correlation 
between palatal morphology and pharyngeal airways was 
confirmed [2], and this could explain the current results 
in which the reduction of the palatal surface was corre-
lated to a worsening of OSA parameters.

The clinical significance of the present study is related 
to OSA prevention and treatment. Since palatal height 
and area, maxillary sagittal and transversal length and 
mandibular anterior transversal length are negatively 
correlated with indexes of OSA severity, it is possible to 
infer that recognizing such pattern in the dental maloc-
clusion could be associated with the risk of a more severe 
OSA.

Future study could investigate if the modification of 
such negative dental arch characteristics through ortho-
dontic treatment could adjuvate SRBD treatment. More-
over, further studies could also investigate morphometric 
and proportions of dental arches in SRBD patients.

Conclusions
In the present paper, authors showed that:

•	 An inverse correlation exists between ODI and pala-
tal height, palatal area, maxillary length, and mandib-
ular anterior width.

•	 Mandibular anterior width and maxillary length also 
present an inverse correlation with AHI.

•	 These results suggest that dental arches dimen-
sion and morphology could influence the severity of 
SRBD.
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