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ABSTRACT

Objective: To determine the association between obstructive sleep apnea syndrome (OSAS) and
predicted bone mineral density (BMD) in adults presenting for orthodontic treatment.

Methods: This retrospective cross-sectional study included 38 adults divided into OSAS and non-
OSAS groups. Using pre-treatment CBCT images, radiographic density (RD) of left and right lateral
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regions of the 1st cervical vertebrae and dens of the 2nd cervical vertebrae were measured as an

indicator for BMD.

Results: When controlling for age, sex, and BMI, the mean RD was significantly lower in the OSAS
group compared to the non-OSAS group (left CV1: 36.69 + 84.50 vs. 81.67 + 93.25 Hounsfield Units
[HU], respectively, p = 0.031; right CV1: 30.59 + 81.18 vs. 74.26 + 91.81 HU, p = 0.045; dens:

159.25 £ 115.96 vs. 223.94 + 106.09 HU, p = 0.038).

Conclusion: Adults with OSAS have lower values for predicted BMD than those without OSAS.

Introduction

Obstructive sleep apnea syndrome (OSAS) is a common
disorder that affects 9% to 38% of North American and
European adults [1]. OSAS is characterized by frequent
episodes of partial or complete airway collapse during
sleep, leading to hypoxia and recurrent arousals from
sleep [1,2]. OSAS is associated with several comorbid-
ities, such as hypertension, cardiovascular disease, and
diabetes [1,3]. Recent studies offer new evidence for an
association between reduced bone mineral density
(BMD) and OSAS [4-6].

Low BMD is a condition that affects the entire skele-
tal system and is often a consequence of nutritional,
hormonal, or renal disease [7]. It can also be linked to
systemic conditions such as chronic obstructive pul-
monary disease [7]. Dual X-ray absorptiometry (DXA)
is the current gold standard for diagnosing BMD by
measuring density at the proximal femur and lumbar
spine [8,9]. Risk factors for decreased femoral BMD
include old age in men, post-menopausal age in
women, increased serum calcium levels, and low body
mass index (BMI) [9]. Biomarkers of increased bone
turnover, such as cross-linked C-terminal telopeptide
of type I collagen (CTX), bone sialoprotein, hydroxy-
proline, cathepsin K, and pyridinium crosslinks have

been proposed as predictors of low BMD and fracture
risk, but their clinical utility is still debated [10,11].

Orthodontic tooth movement has been shown to
reduce alveolar bone density [12,13]. Hsu et al. [12]
investigated bone density changes adjacent to teeth dur-
ing orthodontic treatment and found a mean reduction
of 24% after 7 months of non-extraction treatment.
While this reduction in density may not be clinically
significant in the normal population and would be con-
sidered a physiologic process, it is possible that patients
with reduced BMD may undergo further reduction with
orthodontic treatment [12]. Low BMD may accelerate
orthodontic tooth movement due to increased bone
turnover in these individuals [14]. It may also negatively
impact mini-implant primary stability as well as inter-
disciplinary treatment such as dental implant failure
[15,16].

While the link between OSAS and low BMD has yet
to be fully elucidated, it is likely that the intermittent
hypoxic events characteristic of OSAS could be respon-
sible for such an association [4,5]. The hypoxia seen in
OSAS results in ischemic injury, leading to inflamma-
tion and the involvement of a host of hormones and
signaling factors that cause a decrease in osteoblastic
activity and stimulate osteoclastic activity [4,5]. The
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repetitive deoxygenation of blood seen in OSAS could
have a chronic negative effect on bone metabolism and,
ultimately, bone density. Orthodontic tooth movement
relies on healthy bone metabolism. If the hypoxic envir-
onment created by OSAS could negatively affect bone
metabolism, it is possible that orthodontic tooth move-
ment could be affected as well. Another theory linking
OSAS and low BMD involves gas exchange and rib cage
fragility. Polverino et al. [17] found that bone fragility
was associated with significant perturbations in gas
exchange and shortening of inspiratory time. If low
BMD is linked to an alteration in breathing pattern,
a person with OSAS may be particularly at risk.

While CBCT images of the head and neck region are
not used to diagnose OSAS, they are often obtained for
orthodontic diagnostic purposes. If CBCT images could
be used to predict low BMD in the rest of the body, the
imaging could potentially act as a screening tool for
OSAS in the future.

Study aims

The objective of this study was to determine the associa-
tion between OSAS and BMD in adults presenting for
orthodontic treatment. The hypothesis was that subjects
in the OSAS group have lower BMD than those in the
control group.

Materials and methods
Study design

This retrospective cross-sectional study measured
radiographic density (RD) as a means of assessing
BMD in adults with and without OSAS. The study was
approved by the Institutional Review Board at the
University at Buffalo (STUDY 00004421), and informed
consent was waived due to the retrospective nature of
the study. Pre-treatment records of adults presenting for
orthodontic treatment between January 2021 and

Table 1. Inclusion and Exclusion Criteria.

March 2021 at Get it Straight Orthodontics in
Pittsford, NY were evaluated.

Sample size calculation

To detect a difference of 130 gray values in RD on the
left side of the first cervical vertebrae (CV1) between
individuals with normal versus low BMD at 80% power
and a standard deviation of 90 [17], it was estimated that
a minimum of 32 subjects would be needed (16 subjects

per group).

Subject selection

A list of patients treated in the practice stated above was
generated from Dolphin Management and Imaging
Software (Version 11.95.8.7, Dolphin Imaging and
Management Solutions, Chatsworth, CA, USA). This
practice treats adult and growing orthodontic patients
with focus on patients with sleep conditions. To select
an appropriate OSAS sample, records were searched
using the diagnostic group identifiers “Obstructive
Sleep Apnea”, “Surgery”, and “TAP Appliance”
(Thornton Adjustable Positioner). The TAP appliance
is a mandibular advancement device often used by the
practitioner to treat patients with moderate to severe
OSAS [18]. From this search criteria, 348 records were
initially identified. After applying inclusion and exclu-
sion criteria (Table 1), 19 patients (11 females, 8 males)
were included in the OSAS group.

To select an appropriate non-OSAS control sample,
records from the same practice were searched by med-
ical history to determine patients who fit the inclusion
and exclusion criteria (Table 1). From this search cri-
teria, 156 records qualified and were then screened for
their Epworth Sleepiness Scale (ESS) and STOP-Bang
Questionnaire (SBQ) scores. An ESS score below 10
and an SBQ score of less than 3 were used to suggest
the absence of OSAS [19,20]. The 49 records that met

Inclusion Criteria
® Male and female patients 18 years or older

® Diagnosed with moderate to severe OSAS by overnight polysomnography according to the American Academy of Sleep Medicine classification?

® |arge field of view CBCT taken between 2010 and the present

® (BCT of adequate quality that shows up to the second vertebrae in its entirety

Exclusion Criteria
® Images of undiagnostic quality

Osteopenia or bone diseases such as osteoporosis

Current smoking

Moderate to severe periodontal disease

® Prior diagnosis and treatment for OSAS (for the non-OSAS group only)

Systemic diseases that affect bone density such as diabetes, thyroid disorders, and chronic obstructive pulmonary disease

*The American Academy of Sleep Medicine (AASM) classifies OSA severity in adults according to AHI, where mild is > 5,but < 15 events per hour, moderate is >

15, but < 30 events per hour, and severe is > 30 events per hour

CBCT: Cone beam computed tomography; OSAS: Obstructive sleep apnea syndrome.
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these criteria were then sorted into age range cate-
gories: 30-39, 40-49, 50-59 and 60-69 years. To
match the non-OSAS sample to the OSAS sample by
age range in a 1:1 ratio, the appropriate number of
records were chosen from each age range by selecting
every other record for improved random selection
until the number of subjects needed was fulfilled.
A total of 19 records (3 males, 16 females) were
included. Age, sex, BMI [21], smoking history, medical
conditions, and prescribed medications were recorded
for both groups. Medications were categorized into
antidepressant, antihypertensive, and lipid-lowering
drugs. The Apnea-Hypopnea Index (AHI) was
recorded for the OSAS group, and ESS and STOP-
BANG scores were recorded for the non-OSAS group.

Study outcomes

CBCT imaging was used to measure bone density in the
head and neck as a proxy for BMD in the remainder of
the body. The RD values, reported as Hounsfield Units
(HU), of the left side of CV1, the right side of CV1, and
dens or odontoid process of the 2nd cervical vertebrae
(CV2), were measured in patients with and without
OSAS. These measurement sites were validated in pre-
vious studies [17,22]. All study measurements were con-
ducted by one investigator (M.D.).

CBCT acquisition and analysis

Pre-treatment CBCT images were taken by one of the
three trained technicians using an i-CAT scanner
(Version 17-19, Imaging Sciences International,
Hatfield, PA, USA). Scans were made usinga 16 x 13 cm
field-of-view (FOV), 4.8 s scan, at 5 mA and 120 kV.
Each image data set included 328 slices with a 0.4 mm
voxel size. All scans were obtained using natural head
position with teeth in maximal intercuspation while the
patient was seated in an upright position.

CBCT image files were de-identified prior to transfer
and analysis. Images were then exported in Digital
Imaging and Communications in Medicine (DICOM)
format and uploaded in a computer running a Windows
7 (Microsoft, Redmond, WA, USA) operating system
with a Dell LCD monitor with 2560 x 1440 resolution
(Model U2713, Dell Computer Corp., Round Rock, TX,
USA). All measurements were conducted using
ACTEON® Imaging Suite (AIS) Software 3D
Application (Version 5.20191206, de Gotzen® S.r.l by
Acteon Group, Olgiate Olona, Italy). Image files were
reordered randomly to ensure blinding.

The full volume CBCTs were oriented so that the ver-
tebral column was perpendicular to the axial plane, and the
trimming tool was used to crop the image to include CV1
and CV2 in their entirety (Figure 1a). The axial view was
oriented so that the plane dissected the middle of the

Figure 1. Orientation of a slice of a cone beam computed tomography (CBCT) image. (a) 3D representation of the image cropped to
focus on the cervical vertebrae of interest. (b) Axial view of the image with the left and right regions of CV1 and the dens of CV2. (c)
Sagittal view of the image. (d) Coronal view of the image, as used for measurements.
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vertebrae at a 90° angle (Figure 1b). The sagittal view was
oriented so that the plane dissected the middle of the CV2
body perpendicular to its superior and inferior borders
(Figure 1c). These steps enabled the coronal slice to be
oriented on the central portion of the dens (Figure 1d).
To standardize the appearance of the slice and to show the
greatest amount of contrast between bone and other tis-
sues, the default window width and level were adjusted.
The window width, which is the range of HU values that an
image displays and controls the contrast in an image, was
set to 850 HU (Figure 2a,b) [23]. The window level, which
is the center of the window width and controls image
brightness, was set to 150 HU (Figure 2a,b) [23].

The left and right CV1 and the dens of CV2 were
analyzed in the coronal view. The left and right CV1
were outlined in their entirety, and the dens was
outlined with a line drawn across its base to separate
the dens from the body of CV2. For measurement of
radiodensity, five consecutive slices were chosen,
0.4 mm in thickness, and in each slice, the “ROI”
tool was used to outline each area of interest. Using
the AIS software, mean HU measurements were
determined for each area of interest (Figure 2c),

and the final value for each area was calculated by
averaging measurements from the five slices.

Statistical analysis

Ten randomly selected CBCT images from each treat-
ment group were re-measured 2 weeks apart by one
investigator. Intraclass correlation coefficients (ICC) and
the Dahlberg’s formula [24] were used to calculate repro-
ducibility and measurement error.

Descriptive statistics were calculated, and the
Shapiro-Wilk test was used to assess data normality.
Independent sample t-tests were conducted to com-
pare the mean RD values of the left and right CV1
and dens between groups. A two-factor Analysis of
Variance (ANOVA) was used to assess the relation-
ship between OSAS status and sex. An Analysis of
Covariance (ANCOVA) was used to evaluate the
relationship between OSAS status and age, as well
as OSAS status and BMI. Lastly, ANCOVA was used
to compare mean RD values between groups after
adjusting for sex, age, and BMI. All tests were two-
tailed and performed at the 5% level using SPSS for

Figure 2. (a) Coronal cone beam computed tomography (CBCT) slice at default window width and window level of the software. (b)
The same slice as seen using the adjusted window width and window level to increase the contrast of the image and differentiate
bone from other tissues. (c) Outlines of the regions of interest and where the measurements were made.
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Windows (Version 24, IBM Corporation, Armonk,
NY, USA).

Results
Intra-rater reliability

The ICC estimates for the RDs of the left and right CV1
and dens were 0.99, indicating a high level of reprodu-
cibility. Measurement error according to Dahlberg’s
formula was 0.52, 0.84, and 0.88 HU for the left CV1,
right CV1, and dens, respectively.

Descriptive statistics

Of the 19 subjects included in the OSAS and age-
matched non-OSAS samples, 1 (5%) was in the 30-
39 year category, 4 (21%) were in the 40-49 age cate-
gory, 11 (58%) were in the 50-59 age category, and 3
(16%) were in the 60-69 category. The mean BMI was
significantly higher in the OSAS group compared to the
non-OSAS group (31.0 + 4.2 vs. 23.5 + 2.9 kg/m?,
respectively; p < 0.001; Table 2).

In the OSAS group, nine (47%) subjects were on anti-
depressants, eight (42%) were on lipid-lowering drugs,
and five (26%) were on anti-hypertensive drugs. In the

non-OSAS group, one (5.3%) subject was on anti-
depressants and two (11%) were on anti-hypertensive
drugs. Two subjects were current smokers, both of
whom were in the OSAS group.

The majority (58%, n = 11) of subjects in the OSAS
sample were in the obese category (Figure 3). In con-
trast, in the non-OSAS sample, the majority (68%,
n = 13) of subjects were in the normal weight category,
while none were in the obese category. There was
a statistically significant difference in distribution of
BMI categories between the groups (p < 0.001).

In the OSAS group, the mean AHI of the male sub-
jects was 36.2 (95% CI [26.0, 46.4]), indicating severe
OSAS, while for the females, the mean AHI was 22.8
(95% CI [17.7, 27.9]), indicating moderate OSAS, where
the difference between groups was significant
(p = 0.032). Table 3 presents the AHI severity according
to BMI category in the OSAS group. There was
a significant association between the two variables
(p = 0.005).

Bone radiodensity

The mean RD at the left and right CV1 and dens are
presented in Table 4. Based on the independent sample

Table 2. Sample demographics (N = 19 per group).

Non-OSAS Group OSAS Group

Variable N (%) N (%) Total

Female 16 (59) 11 (41) 27 (100)

Male 3(27) 8(73) 11 (100)

Age, years (Mean + SD) 526 +74 53.7 +83 532+78
BMI, kg/m? (Mean + SD) 235+29 31.0 £ 4.2 273+52

OSAS: Obstructive sleep apnea syndrome; BMI: Body mass index.
ENon-OSAS mOSAS

14

12

10

Number of Subjects

0 [

Normal (18.5 to 24.9)

Overweight (25 to 29.9)

Obese (30 and above)

BMI Category

Figure 3. Number of subjects in each body mass index (BMI) category according to obstructive sleep apnea syndrome (OSAS) group.
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Table 3. OSAS severity according to BMI category.

BMI Category

Normal to Overweight  Obese
(= 29.9) (= 30)
N (%) N (%) Total
OSAS severity Moderate 8 (67) 4 (33) 12 (100)
(AHI = 15 to < 30)
Severe 0(0) 7 (100) 7 (100)
(AHI > 30)
Total 8 (42) 11 (58) 19 (100)

OSAS: Obstructive sleep apnea syndrome; BMI: Body mass index.

Table 4. Mean Radiodensity (HU) of left and right 1st cervical vertebrae and
dens in the Non-OSAS and OSAS groups.

Group Mean Radiodensity (HU) SD p-Value*
Left CV1 Non-OSAS 81.67 93.25 0.128
OSAS 36.69 84.51
Right CV1 Non-OSAS 74.26 91.81 0.129
OSAS 30.59 81.18
Dens Non-OSAS 223.94 106.09 0.081
OSAS 159.25 115.96

*Statistical significance set to p < 0.05 using Independent sample t-test.

OSAS: Obstructive sleep apnea syndrome.

t-tests, there was no statistically significant difference
between the OSAS and non-OSAS groups in mean RD
of the left CV1, right CV1, or dens (Figure 4).

There was no statistically significant interaction
between OSAS status and sex at the left CV1 or right
CV1, whereas the interaction was significant at the dens
(p = 0.032). The mean RD of males at the dens was
6724 + 60.50 HU in the OSAS group and
234.22 £ 135.12 HU in the non-OSAS group (Figure 5).

When controlling for age, sex, and BMI, there was
a statistically significant difference in mean RD values at
the left CV1 (p = 0.031), right CV1 (p = 0.045), and dens
(p = 0.038) between the OSAS and non-OSAS groups
(Table 5). The interaction of OSAS status and sex was
maintained in the model because it was statistically

significant at the dens. No significant interaction was
seen between OSAS status and BMI or between OSAS
status and age. The adjusted R* values displayed in
Table 5 indicate that approximately 24% of the variance
seen in the mean RD values at the left CV1, 21% at the
right CV1, and 27% at the dens can be explained by the
variables included in the model.

Discussion

The purpose of this study was to determine the associa-
tion between OSAS and BMD. The findings suggested
that those with OSAS had significantly lower BMD than
their non-OSAS counterparts when controlling for age,
sex, and BMI. Therefore, the initial hypothesis, that

Figure 4. Coronal views of cone beam computed tomography (CBCT) slices showing radiodensity in an (a) OSAS subject and a (b) non-

OSAS subject.
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Figure 5. Mean radiodensity (HU) of the left and right 1** cervical vertebrae and dens in the non-obstructive sleep apnea syndrome

Table 5. Significance levels of mean difference in RD between
OSAS groups after adjusting for sex, age, and BMI.

p-Value
Variable Left CV1 Right CV1 Dens
Age 0.075 0.090 0.184
BMI 0.201 0.352 0.421
OSAS status 0.031* 0.045* 0.038*
Sex 0.065 0.154 0.063
OSAS status*Sex 0.154 0.125 0.068
Adjusted R? 0.24 0.21 0.27
OSAS: Obstructive sleep apnea syndrome; BMI: Body mass index; RD:

Radiographic density.
*Statistically significant at p < 0.05 using Analysis of Covariance (ANCOVA).

subjects in the OSAS group would have a lower BMD
than those in the control group, was not rejected.
Several studies examining the link between OSAS
and BMD have reported conflicting results. Tomiyama
et al. [25] were the first group to report evidence of
a relationship between OSA and low BMD by measur-
ing a bone resorption marker in a sample of 50 males
with OSA. They found that serum and urinary levels of
cross-linked C-terminal telopeptide of type I collagen
(CTX) was higher in patients with OSA than in patients
without OSA and that levels of CTX were reduced when
CPAP therapy was administered [25]. Uzkeser et al. [26]
were the first to directly measure BMD in OSAS patients
by DXA. They compared 21 male patients with OSAS to

(OSAS) and OSAS groups separated by sex.

26 male controls and found that OSAS patients had
significantly lower lumbar and femoral neck BMD
values compared to controls. Wang et al. [27] found
BMD in those with OSA to be significantly lower than
those without OSA. Terzi and Yilmaz [5] reported sig-
nificantly lower BMD measurements in the femoral
neck of patients diagnosed with OSAS and significantly
higher levels of serum CTX compared to non-OSAS
controls. Therefore, results of the present study are
consistent with multiple studies on this topic.

In contradiction with the above studies, Mariani et al.
[28] found that BMD did not differ among obese
patients regardless of OSAS status, and that AHI and
BMD were not correlated. However, this study did not
use a control population and compared BMD among
mild, moderate, and severe OSAS groups. Sforza et al.
[29] evaluated 833 patients with a mean age of
68.6 + 0.6 years and found that patients with OSAS
had a significantly higher femoral and spinal BMD
than patients without OSAS. The mean age of all sub-
jects in the present study was 53.2 £ 7.8 years, and thus,
it is possible the results from these two studies were
dissimilar because of differences in the age groups
studied.

Reduced BMD in patients with OSAS may be caused
by a confluence of several factors [26,30]. Inflammation,
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oxidative stress, and hypoxia are all risk factors for
osteoporosis and are also mediators in the pathophy-
siology of OSAS [27,30]. Several inflammatory media-
tors, such as TNF-a, IL-1, and IL-6, are elevated in
patients with OSAS and have been shown to potentiate
osteoclastogenesis and bone resorption [27,30,31].
Moreover, in patients with OSAS, oxidative stress
occurs as a result of the repetitive oxygenation and
deoxygenation, resulting in the increased production
of reactive oxygen species (ROS) [26,32]. ROS induce
the apoptosis of osteoblasts and favor osteoclastogen-
esis, which in turn, inhibits bone mineralization and
osteogenesis [26,32]. In addition, intermittent hypoxia,
a hallmark characteristic of OSAS, has been shown to
enhance the activity of osteoclasts and inhibit bone
formation [33,34]. It is possible that increased amounts
of inflammatory cytokines, ROS, and hypoxia seen in
OSAS patients could lead to reduced bone formation
and result in low BMD.

This study showed that males in the OSAS group had
a lower predicted BMD than females. Similar results
were found by Hamada et al. [35], who, using CT
scans to compare BMD between an OSA and non-
OSA population, discovered that BMD was lower in
males with severe OSA compared to females. In fact,
in the population studied, they found that BMD and
OSA had no association among females. These investi-
gators also found a significant association between
hypertension and reduced BMD in males. OSAS has
been shown to cause secondary hypertension due to
intermittent hypoxia increasing sympathetic nervous
system activity [35,36]. Evidence shows that through
the nuclear factor kappa B (NF-kB) and RANK/
RANKL pathway, sympathetic activation results in
bone loss [37,38]. Increased sympathetic activity causes
an increase in bone resorption through the formation
and activation of osteoclasts and a decrease in bone
formation [37]. In the current study, 50% of male sub-
jects in the OSAS group were using anti-hypertensive
medications, while only one female in the same group
had diagnosed hypertension. Therefore, the higher pro-
portion of male patients with hypertension in the OSAS
group could provide a possible explanation for why
males with OSAS had reduced BMD relative to females.
Subjects in the control group were age-matched, as bone
density tends to decrease with increasing age, especially
in women of post-menopausal age [39].

BMI was significantly higher in the OSAS group than
the non-OSAS group, a finding that was expected
because of the well-established link between obesity
and OSAS. However, there was not a significant rela-
tionship between mean RD and BMI at any of the
measurement sites. This could be attributed to the

increased mechanical loading in obesity, where elevated
loading is associated with increased bone formation
[40]. However, obesity itself is an inflammatory disease
and has been shown to result in the production of
higher levels of TNF-a and IL-6, cytokines that are
associated with increased bone resorption [40].
Because these same inflammatory cytokines are also
elevated in patients with OSAS, it could be that their
effects are additive and negatively influence bone den-
sity. Overall, it is likely that a larger sample size was
needed in this study to elucidate the relationship
between BMI and BMD.

Although DXA is the gold standard for measuring
BMD, it has been shown to be less accurate in patients
with a BMI over 25 kg/m2 [41,42]. Obese patients have
a larger proportion of soft tissue that causes attenuation of
the X-ray beam and a beam hardening artifact, resulting in
elevated BMD measurements [41,42]. Hamada et al. [35]
cited the limitations of DXA in measuring BMD as the
reason for using computed tomography (CT) scans to
compare BMD between OSA and non-OSA populations.
As seen in this study, most subjects in the OSAS group
were obese, with all but one patient having a BMI over
25 kg/m®, which justified the use of CT as an imaging
modality over DXA. When comparing CBCT to CT, sev-
eral studies have found strong positive correlations
between gray values of CBCT and conventional CT
[43,44]. While the dimensional accuracy of CBCT is com-
parable to that in medical CT, the gray density values of
CBCT images are not absolute, and as such, HU values are
not consistent between different CBCT machines and soft-
ware [45]. The present study was based upon a study by
Barngkei et al. [17], in which RD of the left and right parts
of the CV1 and dens of CV2 were measured using CBCT.
These investigators determined HU reference standards
for osteopenia based on the CBCT imaging using a FOV
of 13 x 15 cm and a voxel size of 0.25 mm, whereas the
present study used a FOV of 16 x 13 cm and a voxel size of
0.4 mm. Due to differences in machine settings, it was not
appropriate to apply the reference standards used by
Barngkei et al. [17] to the results in the current study.
Therefore, measurement of BMD using CBCTs should
be interpreted with caution until a formula has been cre-
ated to standardize measurements among different CBCT
machines. Once this conversion formula has been estab-
lished, threshold values can be determined that will enable
future research to categorize patients into osteopenia and
osteoporotic categories.

Limitations

There are several limitations with the present study.
There was an unequal distribution of subjects in each
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age group. In future research, a larger sample size that
includes a balanced age and sex [39,46] distribution
should be investigated to provide more generalizable
results. Daily physical activity was not considered in
this study. Physical activity is thought to maintain
bone mass and stimulate bone growth, especially in
post-menopausal women and individuals over the age
of 50 [47,48]. Finally, BMD was measured only via the
CBCT-imaged structures. Using another imaging mod-
ality, such as DXA or CT, to measure the same area may
provide a useful frame of reference through which
results could be compared. In the same way, it may be
useful to correlate BMD measurements using CBCT
with biomarkers of bone turnover in future research.

Implications for orthodontic treatment

The results of this study have several implications for
orthodontic treatment. If a patient has been diagnosed
with OSAS and may be prone to lower BMD, this can
influence patient treatment planning and management.
The results of this study also show that these implica-
tions may be of greater relevance in male patients.
Because CBCT imaging has become an integral part
of daily orthodontic practice, the imaging could be
used as a screening tool for low BMD. Orthodontists
could then inform their patients of their propensity for
low BMD and encourage the patient to seek further
consultation with their physician. When treatment
planning, knowing a patient may have lower BMD
will help the practitioner warn the patient of possible
adverse outcomes, increased risks, and effects on treat-
ment time. There have been several studies that show
a link between osteoporosis and decreased alveolar
bone height and density [14,49]. In osteoporotic indi-
viduals, both bone resorption and formation are accel-
erated; however, the rate of resorption exceeds the rate
of formation, resulting in net bone loss [14,50].
Hashimoto et al. [51] found an increase in tooth move-
ment correlated with a decrease in BMD in female
Wistar rats. Reduced bone density in orthodontic
patients could lead to accelerated tooth movement,
an imbalance in bone modeling patterns, and loss of
alveolar bone as a result [14,50,52].

Conclusion

This study found that males with OSAS had lower BMD
than females and lower BMD than both males and
females in the non-OSAS groups. Adults with OSAS
had a significantly lower predicted BMD than non-
OSAS patients when controlling for age, sex, and BMIL
The mechanisms underlying OSAS and BMD

association are still unknown and warrant further
investigation.
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List of abbreviations

0SAS Obstructive sleep apnea syndrome

BMI Body mass index

DXA Dual X-ray absorptiometry (DXA)

CBCT Cone beam computed tomography

BMD Bone mineral density
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ESS Epworth Sleepiness Scale

SBQ STOP-Bang Questionnaire

@V 1" cervical vertebrae

V2 2" cervical vertebrae

AHI Apnea-Hypopnea Index

CTX C-terminal telopeptide of type | collagen
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