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Study Objectives: To analyze differences in mandibular cortical width (MCW) among children diagnosed with obstructive sleep apnea (OSA) or at high- or low-
risk for OSA.
Methods: A total of 161 children were assessed: 60 children with polysomnographically diagnosed OSA, 56 children presenting symptoms suggestive of high-
risk for OSA, and 45 children at low risk for OSA. Children at high- and low-risk for OSA were evaluated through the Pediatric Sleep Questionnaire. MCW was
calculated using ImageJ software from panoramic radiograph images available from all participants. Differences between MCW measurements in the 3 groups
were evaluated using analysis of covariance and Bonferroni post-hoc tests, with age as a covariate. The association between MCW and specific cephalometric
variables was assessed through regression analysis.
Results: The participants’ mean age was 9.6 ± 3.1 years (59% male and 41% female). The mean body mass index z-score was 0.62 ± 1.3. The
polysomnographically diagnosedOSA group presented smaller MCW than the group at low-risk for OSA (mean difference = –0.385mm, P =.001), but no difference
with the group at high-risk for OSA (polysomnographically diagnosed OSA vs high-risk OSA: P =.085). In addition, the MCW in the group at high-risk for the OSA
was significantly smaller than the group at low-risk for theOSA (mean difference = –0.301mm,P =.014). The cephalometric variables (Sella-Nasion-A point angle
(SNA) and Frankfort - Mandibular Plane angle (FMA)) explained only 8% of the variance in MCW.
Conclusions: Reductions in MCW appear to be present among children with OSA or those at high-risk for OSA, suggesting potential interactions between
mandibular bone development and/or homeostasis and pediatric OSA.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Obstructive sleep apnea has been linked to bone metabolism changes in adults. In children, this association has
only been preliminarily explored.
Study Impact: The present study results suggest an interaction betweenmandibular cortical bone changes and sleep-disordered breathing in children. This
highlights the potential of using craniofacial assessments as a source of more information in the screening of pediatric sleep-disordered breathing.

INTRODUCTION

Obstructive sleep apnea (OSA) is a sleep disorder characterized
by either partial or complete upper airway obstruction.1 Among
children, a prevalence of 1% to 5% has been reported,2,3 and the
disorder has been linked to increased risk for the development of
cognitive and behavioral problems,4 as well as cardiovascular
and metabolic comorbidities.5

OSA has been implicated in altered bone metabolism in
adults,6 as evidenced by increases in bone resorption markers,
reduced bone density, and a higher risk of osteoporosis. The
potential association of bone morphological changes and
OSA has been explored only preliminarily in children, whereby

reduced mandibular cortical width (MCW) was detected in
children at a mean age of 11.4 ± 2 years and at high-risk of
presenting sleep breathing disorders in a retrospective study.7

Different morphometric methods have been assessed to
measure craniofacial bonemass as an alternative to dual-energy
X-ray absorptiometry, the standard bone density evaluation
technique. Measurements of MCW using specific landmarks
as location reference points (ie, mental foramen) have been
proposed as a proxy to assessments of regional alterations in
bone metabolism.8 Panoramic radiographs are readily avail-
able for most children who regularly attend dental appoint-
ments. Supposing that reduced MCW does indeed suggest a
higher risk for OSA, then this measurement could be used as a
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complementary initial screening approach in dental offices,
where suchX-rays are routinely obtained beforemore definitive
diagnostic options are contemplated.

This study aimed to analyze differences in MCW among
children either diagnosed with OSA by nocturnal poly-
somnography (nPSG)9 or identified as at high-risk for OSA or at
low-risk for OSA based on the Pediatric Sleep Questionnaire
(PSQ).10 This study presents a new assessment with a different
sample coming from different centers with a broader age range
compared to a previous related study7 and reflects an attempt to
explore further the previously reported association in a larger
and more diverse cohort.

METHODS

This study was submitted and approved by the Health Research
Ethics Board of the University of Alberta (Health Research
Ethics Board–Health Panel, University of Alberta, Edmonton,
Canada) under Pro00057046.

A total of 161 childrenwere evaluated: 36 childrenwith OSA
diagnosed by nPSG and 56 children presenting symptoms
suggestive of at high-risk forOSAand 45 children at low risk for
OSA evaluated through the PSQ.10

Available records of patients aged < 18 years, with demo-
graphic data (sex and age) and panoramic radiographs were
included in the sample. Patients with diagnosed medical con-
ditions known to substantially affect bone metabolism and
patients who used medications known to affect bone meta-
bolism were excluded.

Body mass index (BMI) was calculated for each patient,
when weight and height information were available, and
compared using BMI z-scores as derived from the growth
standards of the US Centers for Disease Control and
Prevention.11 Mouth breathing status (present or absent) was
also collected when available.

In the OSA group, children had a polysomnographically
supported OSA diagnosis through a standard overnight sleep
study in a sleep laboratory, considering the medical history and
an apnea-hypopnea index (AHI) ≥ 1 events/h of total sleep time.
The AHI index summarizes the number of obstructive events
per hour of sleep during the sleep test. According to the

released by the
American Academy of Sleep Medicine the criteria for diag-
nosing pediatric OSA requires 1 or more obstructive events per
hour of sleep or obstructive hypoventilation for 25% of sleep
time. Along with these findings, the presence of snoring, para-
doxical thoracoabdominal movements, or flattening of the nasal
airwaypressurewaveform is also required.9 In the other 2 groups,
only PSQ scores were considered. Children presenting a PSQ
score of ≥ 8 (33% or more of completed answers) were con-
sidered at high-risk for OSA, whereas a PSQ score of < 8 (less
than 33% of complete answers) indicated at low risk for OSA.10

The records of the patients involved were retrieved before
June 2020 from 3 sources: the Orthodontic and Sleep Clinic at
the University of Alberta, Edmonton (Canada), the Ortho-
dontic Program at the University of Campania Luigi Vanvitelli
in Naples (Italy), and the Department of Orthodontics of the

International University of Catalonia in Barcelona (Spain).
Patient records retrieved from the Canadian institution com-
prised patients at low- and at high-risk for OSA (n = 101). The
patient records from the universities in Italy (n = 21) and Spain
(n = 39) comprised patients diagnosed with OSA based on
nPSG recordings.

The inclusion of 3 different sample sourceswas neededdue to
the scarce number of readily available patients fully diagnosed
with OSA through nPSG who also had a panoramic radiograph
taken within the same month. In addition, the inclusion of 3
centers allowed for a greater diversity of patients, thereby
potentially adding further external validity to the findings.

The MCW was calculated from panoramic images from all
individuals using ImageJ software v1.47 (USNational Institutes
of Health, Bethesda,MD) by 2 trained orthodontists (Figure 1).
The following protocol was used to perform the measurements
in the panoramic image: first, the side that allowed better visuali-
zation of the area of interest was determined; a line was then traced
from the center of the mental foramen and perpendicular to the
tangent to the lower border of the mandible; the distance between
the lower border of the mandible to the superior margin of the
mandible cortexwasmeasured, inmmwith the softwaremeasuring
tool. The MCW was measured in 1 location in each patient.

In addition toMCW, specific craniofacial features previously
associated with pediatric OSA were assessed from cephalo-
metric radiographs and frontal and lateral facial photos by
a trained orthodontist when available. The sagittal skeletal
malocclusion (SNA, Sella-Nasion-B point angle (SNB), and
A point - Nasion - B point angle (ANB) angles)12 and man-
dibular growthdirection (FMAangle)13weremeasured from the
lateral cephalograms. From the photos, the facial convexity
and vertical proportion were evaluated14 (Table S1 in the
supplemental material).

Panoramic radiographs and lateral cephalograms were di-
rectly obtained or reconstructed from cone-beam computed
tomography (CBCT) scans using Dolphin 3D software (Dol-
phin Imaging&Management Solutions, Chatsworth, CA) from
1 location (Canada). CBCT scans (i-CAT; Imaging Sciences
International, Hatfield, PA) were obtained following a stan-
dardized protocol consisting of 0.3-mm voxel, 120 kVp,
18.54 m. An exposure time of 8.5 s, and a field of view of 16 cm
in diameter and 6 cm in height allowed for a low effective
radiation dose (approximately 35 microsieverts).15 In the other
2 locations, the panoramic radiographs and lateral cephalograms

Figure 1—Measurement of mandibular cortical width on
panoramic radiographs.

On left, a panoramic image presenting the measurements. On right, a
higher magnification. The mandibular cortical width is calculated by
measuring the distance between points a and b.
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were obtained from 2 different machines and with different pro-
tocols used in the Spanish [Planmeca ProMax 3D Classic, at
5.6 mA, 60–66 KVp (Planmeca, Hoffman Estates, IL)] and
Italian [Orthophos XG 5/Ceph 1.4 dental X-ray, 8–12 mA, 60–
85 KVp (Sirona Dental Systems, Long Island City, NY)] centers.

The process of generating panoramic radiographs from
CBCT reconstructions followed byMCW calculation had been
validated previously and shown no significant differences in
MCWmeasurements performed on standard panoramic images
and those reconstructed from CBCT.7,16

The Dolphin Imaging software (Dolphin Imaging & Man-
agement Solutions, Chatsworth, CA) was used to trace and
digitize cephalograms.

Statistical analysis
Reliability and systematic and random errors of the MCW
measurements were evaluated in 10 participant X-rays from
each subgroup (n = 30) by 2 trained orthodontists. The random
error evaluation was measured using the Dahlberg formula,
while overall reliability and systematic error evaluation were
assessed through the intraclass correlation coefficient (ICC).
The intraexaminer reliability of lateral cephalometric mea-
surements and photo evaluation was verified among 20
participant X-rays randomly selected from the entire sample
by 1 trained orthodontist. The ICC was adopted for the
cephalometric variables and Cohen’s kappa for the photo
evaluation. For ICC, a 2-way mixed-effects model was con-
sidered. The agreement in both ICC or Cohen’s kappa was
classified according to the following values: excellent (> 0.9),
good (0.75–0.9), moderate (0.5–0.75), or poor (< 0.50).

The homogeneity of the demographic (sex, age, and BMI)
and craniofacial features (SNA, SNB, ANB, FMA, vertical
proportion, and facial profile) were assessed according to the
level of risk for a diagnosis of OSA and the source of the
sample. A chi-square test, Fisher’s exact test, and analysis of
variance followed by Bonferroni post-hoc tests were applied
when appropriate.

Differences in MCW across the 3 groups were evaluated
using analysis of covariance followed by Bonferroni post-hoc
tests, with age as a covariate.

The association between MCW and skeletal craniofacial
features (SNA, SNB, and FMA) was evaluated using multiple
regression analyses. The collinearity was assessed using the
variance inflation factor and Pearson correlation. Variables
that showed multicollinearity issues were excluded from the
final model.

A 2-way analysis of variance was performed to evaluate
the differences in MCW according to mouth breathing and
OSA status.

The SPSS statistical package for the social sciences (version26;
IBM, Armonk, NY) was used for data analysis. A P-value < .05
was considered as achieving statistical significance.

RESULTS

Among all participants of this study, 59% were male and 41%
female. The mean BMI z-score was 0.62 ± 1.3. Children

between 2–17 years old participated in this study, with a mean
age of 9.6 ± 3.1 years. The frequency of mouth breathing was
62% (n = 30) in the OSA group, 75% in the at high-risk group
(n = 42) and 58% in the at low-risk group (n = 26). (Table 1) No
differences based on BMI z-score, mouth breathing, or sex were
observed among the 3 groups or in the grouping of the patients
based on country of origin. (Table 1 and Table 2).

Regarding craniofacial features, lateral cephalograms were
unavailable for 4 patients in the sample, and the FMA angle was
not measurable in 10 patients. Lateral and frontal photos were
not available for 37 patients. Overall, no differences were
observed between cephalometric variables or facial profile and
the differentOSAstatuses. ThediagnosedOSAgrouppresented
more brachyfacial children than the other 2 groups; the at low-
risk group presented fewer dolichofacial participants than the
other groups (Table 1) The children from the Italian sample
showed a lower FMAangle (22.5 ±4.8 degrees) compared to the
Spanish (29.1 ± 3.0 degrees) and Canadian (27.5 ± 6.2 degrees)
centers. (Table 2)

Reliability assessments indicated that excellent reliability
was achieved forMCWmeasurements, and the detected random
error was 0.153 mm when all samples were analyzed concur-
rently. When the 3 samples were separately analyzed, an ex-
cellent ICC and a random error between 0.108 and 0.204 mm
were observed. (Table 3) Regarding the craniofacial features,
excellent intraexaminer reliability was attained to all variables
(Table S2 in the supplemental material).

The patients from the diagnosed OSA group (7.4 ± 2.3 years)
were younger than patients in the at high- (11 ± 2.4 years) and at
low-risk (10.8 ± 2.9 years) for OSA groups (Table 2).

Overall, children at low-risk for the OSA showed higher
MCW values than nPSG-diagnosed OSA and at high-risk for
OSA groups (Figure 2). Children with nPSG-diagnosed OSA
presented significantly smallerMCWvalues than those of the at
low-risk for OSA group (mean difference= –0.385 mm, P =
.001). The at high-risk for OSA group also exhibited smaller
MCW values than the at low-risk for OSA group (mean dif-
ference= –0.301 mm, P = .014). No differences emerged when
patients diagnosed with OSA were compared to the at high-risk
for OSA group (Table 4 and Table 5).

The presence of mouth breathing did not present differences
inMCWacross groups (Table S3 in the supplementalmaterial).

The cephalometric variables were able to explain only 8% of
the variance in MCW. A weak positive association was ob-
served between SNB and MCW, as well as between FMA
and MCW. No association was identified between SNA and
MCW (Table 6).

DISCUSSION

In this pediatric sample originating from 3 different centers,
MCWvalueswere reduced in polysomnographically diagnosed
OSA patients as well as among those at high-risk for OSA.

Measurements of MCW were previously evaluated as a
screening approach to assess whether children and adults with
sleep-disordered breathing are more likely to present altered
bone density. Among adults, a systematic review reported
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relatively high specificity ofMCWas a radiological correlate of
reduced bonemineral density,with values varying from0.71 for
an MCW cutoff of < 3 mm to 0.93 for a cutoff value of < 4 mm
compared to dual-energy X-ray absorptiometry, the gold
standard exam.8 In children, very few studies have used this
technique and nor made a comparison with dual-energy X-ray
absorptiometry; however, an association between bone meta-
bolism and MCW values was also suggested.7,17

The findings of lower values of MCW in children diagnosed
with OSA as well as in those at high-risk for OSA were pre-
viously reported in a retrospective study.7 The present study
included a different and larger cohort of younger children and
originated from 1 North American and 2 different European
centers. A similar magnitude of mean difference emerged in the
present study, whereby a reduced bone mandibular density was
observed in children diagnosedwithOSAor at high-risk ofOSA
compared to children at low risk of OSA. Similar differences
were reported in the previous study, with a difference of
–0.6 mm in MCW between patients diagnosed with OSA
compared to those at low-risk, and a difference of–0.4mmwhen
children at high-risk of OSA were compared to low-risk.7 The
results reported by the present study suggest that the same
magnitude of differences in MCW reported by the previous
study can be observed in a group of children with OSA or at
high-risk of OSA between 2 and 12 years old.

The consistency of these results in a new sample of younger
patients provides additional support for the previous suggestion
that MCWmay be used as a screening tool for OSA, while also

suggesting alteredmandibular bonemetabolism/homeostasis in
children with or at high-risk of OSA. Further reference standard
assessments would be needed to confirm these assumptions.

In our sample, a weak association was observed between
certain cephalometric variables and MCW. Those variables
imply vertical craniofacial growth direction and skeletal Class II
malocclusion, previously linked to pediatric OSA.18 It is not
likely that the mandible and maxillary bones’ skeletal position
and the mandible growth direction can by themselves explain
the variance in MCW values.

In addition, children with mouth breathing did not present
different MCW values alone or when 3 OSA statuses were
compared. This may suggest that mouth breathing pattern was
not associated with mandibular cortical changes in the cross-
sectional evaluation presented by this study. Longitudinal
studies are needed to evaluate the long-term impact of mouth
breathing onmandibular cortical width of children, considering
the association of mouth breathing with worsening of oxygen
desaturation levels, as well as on craniofacial development, as
suggested by previous studies.19,20

Asmentioned, the association between bonemetabolism and
OSA has not been extensively explored in children. The scarce
informationmay be accounted for by the operational challenges
to establishing a sample of OSA patients, including the cost and
waiting times required to perform nPSG in a pediatric labora-
tory; in addition, the lack of reliable screening methods to
evaluate bone density in children without exposing them to
unnecessary radiation may have contributed to the scarcity of

Table 1—Characteristics of patients with different OSA status.

Variables Diagnosed OSA At High Risk for OSA At Low Risk for OSA Total P

Sex, n (%)

Male 38 (63%) 34 (61%) 24 (53%) 96 (59%) .574a

Female 22 (37%) 22 (39%) 21 (47%) 65 (41%)

Age, mean ± SD, y (n) 7.4 ± 2.3 (60) 11.0 ± 2.4 (56) 10.8 ± 2.9 (45) 9.6 ± 3.1 (161) < .001b

BMI z-score, mean ± SD (n) 0.51 ± 1.2 (38) 0.88 ± 1.3 (42) 0.41 ± 1.4 (33) 0.62 ± 1.3 (113) .249b

Mouth breathing, n (%) 30 (62%)c 42 (75%) 26 (58%) 98 (66%)d .165a

Cephalometric variables, mean ± SD (n)

SNA 80.2 ± 3.9 (58) 81.3 ± 4.5 (54) 79.7 ± 4.8 (45) 80.4 ± 4.4 (157) .180b

SNB 76.2 ± 3.8 (58) 76.9 ± 4.0 (54) 77.7 ± 4.6 (45) 76.9 ± 4.1 (157) .176b

ANB 3.9 ± 2.6 (58) 3.5 ± 2.9 (54) 2.7 ± 3.0 (45) 3.4 ± 2.9 (157) .124b

FMA 26.2 ± 5.1 (48) 28.9 ± 6.1 (54) 28.1 ± 6.3 (45) 27.1 ± 5.9 (147) .291b

Facial profile, n (%)

Straight 8 (38%) 33 (61%) 30 (68%) 71 (60%) .220a

Convex 7 (33%) 10 (18%) 8 (18%) 25 (21%)

Concave 6 (29%) 11 (21%) 6 (14%) 23 (19%)

Vertical proportion, n (%)

Brachyfacial 5 (24%) 2 (2%) 1 (4%) 8 (7%) .01e

Mesofacial 11 (52%) 44 (75%) 33 (81%) 88 (74%)

Dolichofacial 5 (24%) 8 (23%) 10 (15%) 23 (19%)

aChi-square test. bAnalysis of variance (ANOVA). Bonferroni post-test showed P < .001 for diagnosed OSA group compared to both at high OSA risk and at
low OSA risk groups; cANOVA. dn = 48. en = 149. fFisher’s exact test; α = 0.05 to all tests. BMI = body mass index, OSA = obstructive sleep apnea,
SD = standard deviation.
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information on this issue. Cross-sectional and longitudinal
studies conducted in adults linked OSA to increased bone re-
sorption markers, reduced bone mineral density, and a higher
risk of osteoporosis.8 Despite the presence of OSA, the severity
of the disease presented a discrepant association to bonemineral
density in previous studies.6,21

The presence of a high-risk for OSA, as suggested by PSQ
scores, was associated with reduced MCW values and may
indicate that alterations in sleep patterns can interfere with bone
homeostasis. The PSQ score was associated with the predictive
ability of MCW values in retrospective studies.7 Among adults,
poor sleep quality, measured by the Pittsburgh Sleep Quality
Index, was associated with a reduced bone stiffness index of the
calcaneus bone.22

Several hypotheses have been put forth to explain a link
between bone metabolism and sleep disorders, including OSA.
The inflammatory nature of OSA can inhibit bone deposition by
inducing osteoclast activation.23 Another hypothesis has sug-
gested that either a genetic predisposition24 or the presence of
metabolic diseases, such as obesity and glucose intolerance,25

may cause changes in bonemetabolism amongOSApatients. In
children diagnosed with OSA, however, it has been suggested
that weight, height, and/or BMI might not influence MCW
values, opposite to the findings in adults.6

One of themain contributing factors could be the intermittent
hypoxia (IH) consequences of sleep apnea.26These episodes can
promote changes in melatonin hormone levels, cause oxidative
stress, or even trigger an imbalance in osteoblast and osteoclast

activities, all of which can result in altered bone metabolism
with reduced bone formation or bone mass.

The reduction in bone mass as a consequence of IH has been
reported in both humans and animals.26 In the craniofacial area,
it has been suggested that IH may induce growth retardation in
the mandible of growing rats.27 In addition, chronic IH can
contribute to the development of cardiovascular morbidities by
activating intracellular signaling cascades,whichhas resulted in
increased cell death28 and fostered the development of meta-
bolic dysfunctions in obese and nonobese rodents,29,30 and
which could enhance the reduction in bone mass in children.30

Although an association between IH and bone changes is re-
ported in animal models, IH’s role in the bone development of
children diagnosed with OSA has not been clarified.

Table 2—Characteristics of patients from different centers.

Variables Italy Spain Canada Total P

Sex, n (%)

Male 12 (57%) 26 (67%) 58 (56%) 96 (59%) .475a

Female 9 (43%) 13 (33%) 43 (44%) 57 (41%)

Age, mean ± SD, y (n) 8.9 ± 1.9 (21) 6.6 ± 2.2 (39) 10.9 ± 2.6 (101) 9.6 ± 3.1 (161) < .001b

BMI z-score, mean ± SD (n) 0.89 ± 0.9 (21) 0.1 ± 1.1 (17) 0.67 ± 1.7 (75) 0.62 ± 1.3 (113) .108c

Mouth breathing, n (%) 12 (57%) 18 (67%)d 68 (67%) 98 (66%)e .702a

Cephalometric variables, mean ± SD (n)

SNA 79.8 ± 3.7 (21) 80.4 ± 4.1 (37) 80.7 ± 4.7 (99) 80.4 ± 4.4 (157) .787c

SNB 76.2 ± 3.8 (21) 76.2 ± 3.9 (37) 77.4 ± 4.3 (99) 76.9 ± 4.1 (157) .270c

ANB 3.4 ± 3.2 (21) 4.1 ± 2.1 (37) 3.1 ± 3.0 (99) 3.4 ± 2.9 (157) .241c

FMA 22.5 ± 4.8 (21) 29.1 ± 3.0 (27) 27.5 ± 6.2 (99) 27.1 ± 5.9 (147) .001f

Facial profile, n (%)

Straight 8 (38%) NA 63 (64%) 71 (60%) .08a

Convex 7 (33%) NA 18 (19%) 25 (21%)

Concave 6 (29%) NA 17 (17%) 23 (19%)

Vertical proportion, n (%)

Brachyfacial 5 (24%) NA 3 (3%) 8 (7%) .07g

Mesofacial 11 (52%) NA 77 (79%) 88 (74%)

Dolichofacial 5 (24%) NA 18 (18%) 23 (19%)

aChi-square test. bAnalysis of variance (ANOVA). Bonferroni post-test showed P < .001 for Spain group compared to both Italian and Canadian groups;
cANOVA. dn = 27. en = 148. fANOVA. Bonferroni post-test showed P <.001 for Italy group compared to both Spanish and Canadian groups; gFisher’s exact test;
α = 0.05 to all tests. BMI = body mass index, NA = data not available, SD = standard deviation.

Table 3—Interexaminer reliability and systematic and
random error among examiners.

Center n
Systematic Error

Random Error
(mm)aIntraclass

Correlation 95% CI

Spain 10 0.961 0.851, 0.990 0.126

Italy 10 0.953 0.824, 0.988 0.108

Canada 10 0.930 0.746, 0.982 0.204

Total 30 0.955 0.906, 0.979 0.153

aDahlberg formula. CI = confidence interval.
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Alternatively, as a different hypothesis, the presence of in-
trinsic conditions affecting bone development among children,
such as bone genetic syndromes and bone development defects,
could lead to growth deficiency in craniofacial area,26 including
a reduced midfacial and craniofacial base growth that may
contribute to airway obstruction and OSA.

Despite these intrinsic conditions, the presence of nasal
obstruction or chronic mouth breathing in children, not nec-
essarily linked to significant bone defects, was associated with
craniofacial growth changes and sleep-disordered breathing
diseases. In rodents, the presence of nasal obstruction was
linked to craniofacial growth deficiency,31 such as alveolar
bone density reduction,32 reduction in cartilage differentiation
of mandibular condyle,33 and a shorter skull base and naso-
maxillary complex.34 Studies in humans reported a narrow naso-
maxillary complex.35 Nasal obstruction might result in local
bone changes that may affect children diagnosed with OSA.

In addition, the presence of chronic mouth breathing, which
may result from airway obstruction caused by a nasal ob-
struction or enlarged adenoid and tonsils, could contribute to
craniofacial bone changes among children. The presence of
mouth breathing during childhood is associated with cranio-
facial dimension changes, including an increasedoverjet and the
development of a long face and a narrowing of dental arches.19

It is challenging to state a specific direction in the relationship
between OSA and mandible cortical width differences, ie, risk
factor or consequence, since multiple factors have been indi-
vidually linked to OSA and can promote an imbalance in
bone metabolism.

The clinical relevance of the present study resides in thewide
availability of panoramic radiographs in children. Panoramic
radiographs are commonly used as part of regular dental
checkups among children and this exam is extensively adopted in
the screening for dental infection, trauma, developmental disor-
ders, and dental anomalies.36 The mandible bone assessment

would represent a complementary tool to investigate existing
signs and symptoms of sleep-disordered breathing suggested
by PSQ and anamnesis. Whether the additional information
supplements validated tools such as PSQ remains unclear at
this time.

Contrasting to its possible role in the screening of children
diagnosed with OSA, the assessment of MCW may also be
adopted as a tool for bone health evaluation. Should dental
specialists who see children with OSA identify a reduced
mandible cortical width and report this to the physician, it may
help to identify other systemic bone alterations. In addition,
identifying a reduced MCW may help dentists assess the need
for and predict the outcome of oral surgeries and develop a
rational treatment plan to deal with a possible mandible growth
deficiency in patients diagnosed with OSA.

Limitations
As limitations of this study, we should mention the absence
among the at-risk groups of nPSG-supported diagnosis to
confirm the presence of OSA or not. Patients at high-risk for the
OSA group would need nPSG testing to confirm OSA. How-
ever, the cost and waiting time in the public services setting
precluded the use of this reference standard.

The absence of nonsnoring children is also a limitation of
this sample. The participants included in all 3 groups of
this study presented at least 1 sign or symptom of sleep-
disordered breathing. In addition, there was no negative
nPSG groupworking as a proven control group due to the lack
of children with a negative nPSG result plus panoramic ra-
diographs taken around the same time.

The retrospective nature of this study is also a limitation. The
follow-up of pediatric patients with OSA and the impact of any
dental treatment or underlying OSA comorbidities on man-
dibular bone morphology needs to be clarified. Changes in
mandibular bone density after some forms of dental treatment
have been suggested by animal models.37

The inclusion of children frommultiple centerswith different
climate conditions and sunlight availability may contribute to
different vitamin D uptake levels. Vitamin D stimulates the
absorption of calcium and phosphate from the gut and con-
tributes to changes in bone metabolism.38 This variable was not
considered in this study.

Mandibular cortical bone alterations may or may not reflect
the status of other craniofacial or body bones. This variable was
not considered in this study.

Intrinsic errors, such as machine motion, mandible
asymmetries, and patient’s head positioning, might influence
accuracy of vertical measurements, causing distortion and magni-
fication in the radiographs.39 Changes in rotation and inclination
of the head from 10–20 degrees may promote an enlargement in
the image,40 but slight skull rotations (2–4 degrees) would not
result in a significant negative effect in verticalmeasurements.41

In the present study, the positioning was checked during ra-
diography, and any head misalignment would likely have had
little influence on the cortical measurement.

In addition, there is still a strong need for further validation on
larger samples before considering MCW a reliable screening
tool for mandibular bone mineral density evaluation. Ideally, a

Figure 2—Scatterplot of the MCW value vs age according
to sleep status.

MCW = mandibular cortical width, OSA = obstructive sleep apnea.
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sample of children with available dual-energy X-ray absorp-
tiometry examination, full OSA diagnosis, and panoramic ra-
diographs would be ideal for this purpose, along with
longitudinal assessments following therapeutic interventions.

Additional mandible measurements in panoramic radio-
graphs have not been considered in this study due to the absence
of proper guidelines for alternative linear measurements in
children and low accuracy in performing measurements in
trabecular bone.8,17

In this study, the mean age differences were considered
during the statistical analysis. The analysis of covariance was
adjusted for age differences. This diminished the possibility that
the age differences between groups would affect the MCW
values and alter the differences observed between groups.
However, there was a clear age difference between the nPSG-
diagnosed group and the PSQ-based at risk for OSA groups.
Morphological craniofacial bone changes due to age differences
should not be discarded. Ideally, the 3 samples should have had
a similar mean age.

CONCLUSIONS

MCW appears to be reduced among pediatric patients diag-
nosed with OSA or among those at high-risk for OSA. These
findings may imply potential interactions between mandibular
bone homeostasis and pediatric OSA through analysis of
panoramic radiographs.

ABBREVIATIONS

ANB, A point - Nasion - B point angle
BMI, body mass index
FMA, Frankfurt - Mandibular Plane ange
ICC, intraclass correlation coefficient
MCW, mandibular cortical width
nPSG, nocturnal polysomnography
SNA, Sella - Nasion - A point angle
SNB, Sella - Nasion - B point angle
OSA, obstructive sleep apnea
PSQ, Pediatric Sleep Questionnaire
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