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Study Objectives: Acquiring a better comprehension of obstructive sleep apnea physiopathology can contribute to improving patient selection for
surgical treatments. We hypothesize that maxillary transverse deficiency restricts the space available for the tongue, leading to upper airway obstruction
during sleep. Our primary hypothesis was that maxillary transverse deficiency increases the prevalence of tongue collapse during drug-induced sleep
endoscopy (DISE). The secondary hypothesis was that maxillary transverse deficiency will also increase the prevalence of circumferential collapse at the
velopharynx. The exploratory hypothesis was that maxillary transverse deficiency is associated with increased obstructive sleep apnea severity. The objectives of
this study were to correlate maxillary morphometric measurements with (1) the anatomic level of obstruction during DISE and (2) the apnea-hypopnea index
on polysomnography.
Methods: We made a cross-sectional analysis of patients with obstructive sleep apnea undergoing DISE in search of positive airway pressure alternative
treatment. Maxillary measurements were collected from a computed tomography scan (interpremolar distance, intermolar distance [IMD] and sella-nasion A
point angle), findings from DISE, and sleep study variables from polysomnography. Correlation between computed tomography, DISE, and polysomnography
data was assessed using Pearson’s correlation, and receiver operating characteristic curves were determined for each facial measurement.
Results: Sixty-nine patients were included in the study. The group with velopharyngeal circumferential collapse had mean IMD = 26.30 mm (25.5–31.45), and
the group with anteroposterior collapse had mean IMD = 29.20 mm (26.8–33.10; P = .040). The group with complete tongue-base obstruction had mean
interpremolar distance = 26.40 mm (25.1–28) and IMD = 26.30 mm (25.6–28.4), and the group without obstruction had mean interpremolar distance = 28.7 mm
(27.2–30; P = .003) and IMD = 34.06 mm (32.1–37; P < .001). The receiver operating characteristic curve determined an IMD cutoff of 29.8 mm for predicting
tongue-base obstruction.
Conclusions: Themaxillary transverse deficiency, identified by reduction in interpremolar distance and IMD, predicted the occurrence of complete tongue-base
obstruction, complete concentric collapse at the velopharynx, and multilevel obstruction during DISE. We did not find an association between the maxillary
measurements and obstructive sleep apnea severity. These associations hold some promise in ultimately supplanting insights previously available only
through DISE.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Despite previous evidence suggesting a role for maxillary transverse deficiency in obstructive sleep apnea, its
pathophysiology has not been completely established. We hypothesized that maxillary transverse deficiency restricts the space available for the tongue at
the hard palate, which increases the prevalence of tongue-base collapse and the susceptibility to upper airway obstruction during sleep.
Study Impact: The maxillary transverse deficiency, identified by reductions in interpremolar distance and intermolar distance, predicted the occurrence of
tongue-base obstruction, concentric collapse at the velopharynx, and multilevel obstruction during drug-induced sleep endoscopy. These associations hold
some promise in ultimately supplanting insights previously available only through drug-induced sleep endoscopy. If these observations are further verified,
then the clinical applicability of these measures may improve the outcomes of obstructive sleep apnea surgical procedures.

INTRODUCTION

Obstructive sleep apnea (OSA) is characterized by recurrent
episodes of breathing interruptions during sleep, despite con-
tinued respiratory efforts.1 This condition is attributed to upper
airway collapse due to anatomical vulnerability and impaired
neuromuscular activity.2 The standard treatment is continuous
positive airway pressure, which is capable of keeping the

pharyngeal walls sustained, preventing upper airway col-
lapse. However, about 50% of patients are not adherent to
this treatment in the long term, which compromises its
efficacy.3 The multifactorial etiology of OSA reinforces the
importance of differentiating phenotypes and personalizing
treatment,4 mainly with regard to surgical patients, whose se-
lection for treatment relies on strict criteria, according to most
scientific evidence.5
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Impairment of facial development is a determining factor
in OSA pathophysiology. A low position of the hyoid bone
and the increased length of the pharynx are anatomical
findings that have already been associated with the risk of

this disease.6 However, most studies were based only on lateral
cephalometry and did not analyze the transverse dimension
of the face, even though the maxillary transverse deficiency
has been previously described in OSA, which means that its

Figure 2—Intermolar distance.

Facial CT scan in sagittal (left), coronal (center), and axial (right) sections, which shows how the intermolar distance (IMD) was obtained in the maxilla. CT =
computed tomography.

Figure 1—Interpremolar distance.

Facial CT scan in coronal (left), axial (center), and sagittal (right) sections, which shows how the interpremolar distance was obtained in the maxilla. CT =
computed tomography.
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pathogenic role has not yet been well established.7 Such
facial feature can be properly treated with surgically
assisted rapid maxillary expansion (SARME). This pro-
cedure has shown promising results in OSA treatment,8,9

despite the transverse measurement of the maxilla remain-
ing relatively unexplored as a potential predictor of OSA
treatment outcomes.

The purpose of the current study was to analyze the as-
sociation between the maxillary transverse dimensions and
the anatomical site of upper airway obstruction, the pattern
of collapse, and OSA severity. The primary hypothesis was
that maxillary transverse deficiency restricts the space
available for the tongue, increasing the prevalence of tongue
collapse (partial and complete). The secondary hypothesis
was that maxillary transverse deficiency will also increase
the prevalence of circumferential collapse at the velo-
pharynx. The exploratory hypothesis was that maxillary
transverse deficiency is associated with increased OSA
severity. We tested these hypotheses by analyzing the cor-
relation between the anatomical measurements of maxil-
lary transverse dimension, the obstructive sites (velum,

oropharynx, tongue, epiglottis score) detected during drug-
induced sleep endoscopy (DISE), and the sleep study vari-
ables from polysomnography.

METHODS

This was a cross-sectional study using chart review data from
consecutive patients consulted from January 2017 to January
2019 at an otolaryngology outpatient clinic not specialized in
skeletal surgery. Research project was approved by the Re-
search Ethics Board (REB (09821619.5.0000.4561)).

Patients were adults presenting with OSA diagnosed by
overnight type 1 polysomnography who were intolerant of
continuous positive airway pressure. Patients included also
needed to have data available from DISE and facial computed
tomography. Patients without all required data who presented
with palatine tonsil hypertrophy (grades 3 and 4), lingual tonsil
hypertrophy (grades 3 and 4), congenital craniofacial de-
formity, severe obesity (body mass index > 40), and previous
surgical treatment for OSA were excluded.

Figure 3—Intermolar distance predicting the circumferential pattern of collapse at the velopharynx.

ROC curve (sensitivity × 1-specificity) analyzing the value of intermolar distance using a cutoff value of 27.5 mm in predicting the circumferential pattern of
collapse at the velopharynx. AUC = area under the ROC curve, CI = confidence interval, ROC = receiver operating characteristic.
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Polysomnography was scored according to The AASM
Manual for the Scoring of Sleep and Associated Events: Rules,
Terminology and Technical Specifications (Version 2.0, 2012)
10 andOSAwas classified by the total apneas and hypopneas per
hour of sleep asmild (apnea-hypopnea index [AHI] ≥ 5 and < 15
events/h), moderate (AHI ≥ 15 and < 30 events/h), and severe
(AHI ≥ 30 events/h).

DISE was performed in order to detect the upper airway ob-
structive site and identify the pattern of collapse leading to OSA.
All tests were performed with the patient in the supine position by
an experienced otolaryngologist, following a protocol able to
reproduce the AHI from polysomnography,11 using a propofol
target-controlled infusion pump and bispectral index moni-
toring. The scoring was blinded to other clinical data, according
to velum, oropharynx, tongue, epiglottis classification.12,13

Facial computed tomography scans (DICOM format files)
were saved and posteriorly analyzed by a trained physician also
blinded to the clinical data using the Osirix DICOM Viewer
program (Pixmeo SARL, Geneva, Switzerland), which allows
real measurements of the structures. The following measures
were obtained from the maxilla: the angle between the sella-
nasion A point, which indicates the anteroposterior position
of the maxilla; interpremolar distance (IPMD), measured in

millimeters on the lingual side at the edge of the palatal alveolar
bone (Figure 1); and intermolar distance (IMD), measured in
millimeters on the lingual side at the edge of the palatal alveolar
bone (Figure 2).

Although the literature refers to the dental crown as an ana-
tomical reference to measure the transverse dimension of the
maxilla, a systematic review has demonstrated that it has been
inaccurate and unreliable, compared with skeletal arch width
measurements.Computed tomography imagesweremoreaccurate
and reliable, even though a gold standardmethod is still debated.14

In accordwith the objective of this study, to evaluate the skeletal
component of the maxillary constriction, the width was mea-
sured on the lingual side at the palatal alveolar bone,15 in order to
avoid the bias induced by buccolingual teeth inclination, which
could camouflage the true transverse deficiency.

Sample size was based on a previous study that had shown
a difference of 5 mm between the molars when maxillary
transverse measurements were compared in patients with OSA
and control patients.7 Assuming a 3-unit (mm) difference be-
tween the molars of individuals with mild OSA and those with
severe OSA, a sample of 58 individuals was calculated to be
sufficient, considering a population standard deviation of 4mm,
a significance level of 5%, and a test power of 80%.

Figure 4—Association between intermolar distance and interpremolar distance and the degree of obstruction.

Boxplot representing the association between intermolar distance and interpremolar distance and the degree of obstruction found at tongue base during DISE
(grade of obstruction according to VOTE classification). Mann-WhitneyU test was used to analyze the correlation between tongue-base collapse and the facial
measurements. DISE = drug-induced sleep endoscopy, grade 0 = no obstruction, grade 1 = partial collapse, grade 2 = complete collapse, IMD = intermolar
distance, IPMD = interpremolar distance, VOTE = velum, oropharynx, tongue, epiglottis.
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A Mann-Whitney U test and a Kruskal-Wallis test with
a Müller-Dunn posttest were applied to compare the groups,
whenever it was required. Sample and Pearson correlations
were calculated to quantify linear association between con-
tinuous variables. Receiver operating characteristic curveswere
determined for eachmeasurement to show the trade-off between
clinical sensitivity and specificity for every possible cutoff. A
conditional inference tree, a nonparametric multivariate re-
gression model, was applied to classify the lack of tongue-base
collapse from IMD values. We used the partykit library of
R 3.5.1 software (https://cran.r-project.org). The significance
level was set at 5%.

RESULTS

During the period in which this study was conducted, 146 in-
dividuals were evaluated and 69 met all inclusion criteria (12
women [17.4%] and 57men [82.6%]). Demographic data of the
patients are summarized inTable 1.Themean IPMD, IMD, and
sella-nasion A point were 26.9 mm (25.4–28.2), 28.50 mm
(26.3–32.6), and 83.63° (80.9–85.5), respectively.

Regarding DISE findings, according to velum, oropharynx,
tongue, epiglottis classification, 62 individuals (89.9%) presented
withcompletecollapse (grade2)at thevelopharynx,14 individuals
(20.3%) had complete collapse at the oropharynx, and 21 in-
dividuals (30.4%) had complete collapse at the tongue base.

The primary collapse of the epiglottis was observed in 8
individuals (11.6%). Multilevel collapse of the Upper Airway
(UA) was seen in 62.3% of patients. Mild hypertrophy of the
lingual tonsil (grades 1 and 2) was present in 30.4% of in-
dividuals, and 69% had no hypertrophy (grade 0) (Table 1).

The statistical analysis of the correlation between the maxillary
measurements and DISE findings was made using the intensity
(degree) and pattern of collapse at each site according to the velum,
oropharynx, tongue, epiglottis classification (Table 2).

Starting from the velopharynx, we found no association be-
tween the facial measurements and the degree of obstruction.
However, we found at this site an inverse association between the
IMD and the circumferential pattern of collapse, where the group
with this pattern had a mean distance of 26.30 mm (25.5–31.45)
and the individuals who presented with an anteroposterior
pattern presented a distance of 29.20 mm (26.8–33.10; P =
.040). The receiver operating characteristic curve (sensitivity ×

Figure 5—Intermolar distance predicting the absence of tongue-base collapse.

ROC curve (sensitivity × 1 specificity) analyzing the value of IMD in predicting the absence of tongue-base collapse. AUC = area under the ROC curve,
CI = confidence interval, IMD = intermolar distance, ROC = receiver operating characteristic.
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1-specificity) demonstrated an area under the curve of 0.66
(0.50–0.81), using a cutoff value of 27.5 mm (Figure 3).

Therewas also an inverse association between the occurrence
of tongue-base collapse and IPMD (P = .003) and IMD (P <
.001), such that the group with complete obstruction (grade 2)
had lower values (IPMD = 26.40 mm [25.1–28] and IMD =
26.30 mm [25.6–28.4]) than the group without obstruction
(IPMD = 28.7 mm [27.2–30] and IMD = 34.06 mm [32.1–37])
(Figure 4). The receiver operating characteristic curve pre-
sented an area under the curve of 0.96 (0.91–0.99) based on
a cutoff value of 29.8 mm (Figure 5). Moreover, decision tree
analysis also demonstrated that this same value of IMDwas able
to predict the concomitant complete collapse (grade 2) at the
tongue base and the velopharynx (Figure 6).

We did not find an association between the maxillary mea-
surements and the degree of collapse at the oropharynx, the
obstruction caused by the epiglottis, or OSA severity. Wemade
a multivariable analysis (Pearson statistical test) and found no
correlation among IPMD, IMD, sex, and age.

DISCUSSION

This is thefirst study to correlatemaxillary transverse deficiency
with obstructive sites detected during DISE and OSA severity.

The most relevant result in our sample, based on the statistical
analysis, was the association between IPMD and IMD with
tongue-base obstruction. IMD was also associated with cir-
cumferential collapse pattern at the velopharynx.The area under
the receiver operating characteristic curve demonstrated that the
IMD, at a cutoff value of 29.8 mm, predicted the occurrence
of tongue-base obstruction. Circumferential collapse at the
velopharynx could be predicted at a cutoff value of 27.5 mm.
Multivariable statistical analysis demonstrated that IMD
also predicted the occurrence of multilevel obstruction, both
at the velopharynx and tongue base simultaneously. Although
sex differences were expected, multivariable analysis showed
no correlation with IPMD and IMD, which is compatible
with another study using linear measurements to evaluate
maxillary width.15

It is paramount to highlight that IMD may predict the oc-
currence of tongue-base obstruction and a circumferential
pattern of collapse at the velopharynx, possibly obviating the
need for DISE. Since this measure is easily obtainable, its use in
clinical practice will facilitate the identification of types of
collapse that potentially do not respond to most surgical
treatments proposed for OSA. Circumferential collapse at the
velopharynx has already been associated with worse clinical
outcomes in patientswho have undergone pharyngeal surgeries16

and upper airway stimulation treatment.17

Figure 6—Intermolar distance prediction of the association between the complete collapse at tongue base and at velopharynx.

Decision tree demonstrating the IMD in the prediction of the association between the complete collapse (VOTE grade 2) at the tongue base and the complete
collapse at the velopharynx. The IMD value ≤ 28.9 mm correlates with the concomitant collapse at the tongue base and at the velopharynx. IMD = intermolar
distance, VOTE = velum, oropharynx, tongue, epiglottis classification.
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Maxillomandibular advancement treats this type of collapse18

by enlarging the anteroposterior dimension of the pharynx.
However, in a study using DISE to evaluate patients who
have undergone maxillomandibular advancement, tongue-
base collapse was not treated effectively.19 The fact that the
standard maxillomandibular advancement procedure described
for OSA20 did not treat the transverse dimension of the maxilla
may explain why tongue-base obstruction persisted in some
patients, further emphasizing the strength of the finding.
Therefore, the association found between reductions in IMD
and both the tongue base and circumferential collapse at the
velopharynx may direct patient selection for specific OSA
surgical treatment, since most procedures do not enlarge the
transverse deficiency of the maxilla.

The development of the transverse deficiency occurs due to
multiple factors, including behavioral ones during childhood
(eg, mouth breathing, difficulties in breastfeeding, and
pacifier use).21 Thus, the reduced effect of tongue pressure
over the upper jaw jeopardizes the development of the
transverse dimension of the hard palate, which restricts space
for the tongue, explaining why the upper airway could be
more susceptible to a tongue-driven collapse during sleep.22

For this reason, we encourage caution in proposing hypo-
pharyngeal surgery for patients with OSA, once this facial
phenotype is identified. If this type of tongue-base obstruction
is not appreciated, then surgical responses may deteriorate,

which can also explain why using only DISE to select patients
for tongue-base reduction in OSA treatment has not improved
surgical outcomes.23

A treatment option for maxillary transverse deficiency is
surgical-assisted rapid maxillary expansion, which has already
been used with promising results to treat adult patients with
OSA.24 Our previous study showed that there was a correlation
between an increase in IPMD/IMD and an increase in hypo-
pharyngeal area and the AHI reduction after surgical-assisted
maxillary expansion,25 suggesting that both post-surgical im-
provements were related to increased space for the tongue that
improved its position and stability while preventing collapse
during sleep. Those results are consistent with our current data
and corroborated by other studies aimed at understanding
the pathophysiological mechanism of maxillary transverse
deficiency in OSA.22,26

We acknowledge that our study has some limitations re-
garding its reproducibility and external validity. First, we
recognize that it is based on a cross-sectional analysis of
consecutive patients who were nonobese patients with mild/
moderate OSA and who were not continuous positive airway
pressure–adherent. DISE also presents variability in sedation
protocol, scoring system, and findings interpretation.27,28 Al-
though we used computed tomography images to measure the
maxillary transverse deficiency, the lingual face of the alveolar
bone is an anatomical reference easy to use in clinical practice,

Table 1—Populational descriptive data and DISE findings, according to the VOTE classification.

Variables Median Percentile 25 Percentile 75

Age (y) 41 33 48

BMI (kg/m2) 26 25 28

AHI (events/h) 18.8 10.6 30.2

Apnea index (events/h) 3.9 1.0 11.2

Hypopnea index (events/h) 13.4 6.3 17.2

O2 nadir (%) 84.6 78.0 91.2

IPMD (mm) 26.9 25.42 28.2

IMD (mm) 28.5 26.3 32.6

SNA (degrees) 83.6 80.9 85.5

Obstructive Site Grade Number %

Velopharynx
1 7 10.10

2 62 89.90

Oropharynx

0 2 2.90

1 53 76.80

2 14 20.30

Tongue

0 23 33.30

1 25 36.20

2 21 30.40

Epiglottis

0 57 82.60

1 4 5.80

2 8 11.60

AHI = apnea-hypopnea index, BMI = body mass index, DISE = drug-induced sleep endoscopy, IMD = intermolar distance, IPMD = interpremolar distance,
SNA = sella-nasion A point angle, VOTE = velum, oropharynx, tongue, epiglottis.
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and measurements can be obtained using a dental caliper or
a gauge with no need for a computed tomography scan.

Nevertheless, our study establishes a statistically significant
association between maxillary transverse deficiency, circum-
ferential collapse at the velopharynx, and tongue-base collapse,
providing insight into the interpretation of findings detected
during DISE. However, further studies must be carried out to
analyze the correlation of these measures with the clinical
outcomes of the different treatment options available for
OSA, especially pharyngeal surgeries, tongue-base surger-
ies, and upper airway stimulation, in order to determine the
role of these measurements in patient selection and im-
proved surgical success.

CONCLUSIONS

In the group of individuals evaluated in this study, maxillary
transverse deficiency, as marked by reductions in IPMD
and IMDmeasured in computed tomography images, predicted
the occurrence of tongue-base obstruction, concentric collapse
at the velopharynx, and multilevel obstruction discovered
during DISE. Even though we have not found an association
between maxillary measurements and OSA severity, these

associations hold some promise ultimately to supplant the in-
sights previously available only through DISE. If our obser-
vations are further verified, then the clinical applicability of
measuring reductions in IPMD and IMD may improve the
outcomes of OSA surgical procedures.

ABBREVIATIONS

AHI, apnea-hypopnea index
DISE, drug-induced sleep endoscopy
IPMD, interpremolar distance
IMD, intermolar distance
OSA, obstructive sleep apnea
PSG, polysomnography
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Table 2—Association between maxillary measurements and the collapse detected during DISE.

Maxillary Measurements Degree of Collapse (Velopharynx) Mann-Whitney U Test

Median (mm) 1 2

IPMD 25.9 27.3 0.306

IMO 29.2 28.5 0.612

SNA angle (°) 85.85 83.46 0.116

Maxillary Measurements Pattern of Collapse (Velopharynx) Mann-Whitney U Test

Median (mm) AP completer circumferential (cc)

IPMD 27.0 26.2 0.416

IMO 29.2 26.3 0.040

SNA angle (°) 84.03 82.67 0.583

Maxillary Measurements Degree of Collapse (Oropharynx) Kruskal-Wallis Test, 0 vs 1 vs 2

Median (mm) 0 1 2

IPMD 25.15 27.00 26.75 0.758

IMO 31.80 28.60 26.45 0.160

SNA angle (°) 84.86 84.03 82.96 0.206

Maxillary Measurements Degree of Collapse (Tongue Base) Mann-Whitney U Test

Median (mm) 0 1 2

IPMD 28.7 26.5 26.4 0.003

IMO 34.1 26.8 26.3 <0.001

SNA angle (°) 84.36 84.26 81.84 0.077

Maxillary Measurements Degree of Collapse (Epiglottis) Kruskal-Wallis Test, 0 vs 1 vs 2

Median (mm) 0 1 2

IPMD 27.5 26.3 25.9 0.242

IMO 30.2 26.4 28.2 0.206

SNA angle (°) 83.61 84.58 83.55 0.858

DISE = drug-induced sleep endoscopy, IMD = intermolar distance, IPMD = interpremolar distance, SNA = sella-nasion A point angle.
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