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Measurements of volumetric bone mineral density in the mandible 
do not predict spinal osteoporosis
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Objective: The objective of this study was to determine whether the trabecular volumetric 
Bone Mineral Density (vBMD) of the middle, body and angle of the mandible correlates with 
vBMD of the cervical and lumbar vertebrae in a Chinese population.
Methods and materials: 661 subjects (270 males, 391 females), ranging from 20 to 59 years 
of age, were recruited for vBMD measurements by quantitative CT (QCT). Basic information 
(age, height and weight), vBMD of the mandible (middle, body and angle sites), and vBMD 
of the cervical and lumbar vertebrae were recorded. Spearman’s rank correlation test was used 
to investigate the association of mandibular with vertebral vBMD.
Results: The study cohort comprised 661 subjects: 270 (41%) males, 391 (59%) females. 
Median age in males was 40 (range, 21–59) years. Median age in females was 41 (range, 20–59) 
years. Values of the Spearman correlation coefficient between mandibular and vertebral 
vBMD ranged from R = 0.048 to 0.141. In males, the three correlation coefficients between 
mandibular and cervical vBMD (middle: R = 0.138; body: R = 0.126; angle: R = 0.122) were 
all statistically significant (p < 0.05). In females, the correlation between the middle mandib-
ular site and cervical site was statistically significant (R = 0.141, p < 0.01). None of the other 
correlations examined were statistically significant.
conclusion: In this study population, mandibular vBMD was at best weakly correlated with 
cervical and lumbar vertebral vBMD, indicating that mandibular vBMD should be measured 
independently for the assessment of mandibular bone status.
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introduction

Osteoporosis is a common metabolic disease charac-
terized by reduced bone mass and thinning of  cancel-
lous architecture, leading to increased bone fragility 
and frequently resulting in fractures of  the vertebrae, 
hip, or forearm.1 According to the World Health 

Organization (WHO) Study Group, osteoporosis is 
the second most common disorder following cardio-
vascular diseases.2 It is a very common disease in coun-
tries around the world with a moderate climate, and is 
directly related to age.3 With the aging of  the world's 
population, osteoporosis has become one of  the major 
diseases affecting the health of  the elderly and leading 
to poorer quality of  life. One- third of  females and 
one- fifth of  males over 50 years old will experience an 
osteoporotic fracture.4 Measurement of  bone mineral 
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density (BMD) is the principal method of  diagnosing 
osteoporosis because patients with low BMD values 
have an elevated risk of  fracture.5 Although osteopo-
rosis is a disease that involves the entire skeleton, the 
most widespread osteoporosis- related fractures are 
vertebral, hip, and distal- third forearm fractures.6 The 
WHO Study Group established that the diagnosis of 
osteoporosis can be determined by bone densitometry 
when the values of  BMD of  lumbar spine and femoral 
neck are lower than normal.7 These sites should be 
analyzed in all patients with clinical risk factors for 
osteoporosis.

Since the mandible is rich in cancellous bone and 
its metabolism should be consistent with other similar 
areas in the skeleton such as the cervical and lumbar 
vertebrae, it has been proposed by different authors to 
use the evaluation of changes in mandibular BMD to 
estimate systemic bone loss.8–10

Quantitative CT (QCT) has been considered as an 
important approach in the assessment of  osteoporosis, 
and measures BMD from CT images with the use of 
a calibration phantom.11 Volumetric BMD (vBMD) 
measured by QCT is based on three- dimensional 
imaging techniques and is different to the conven-
tional two- dimensional areal BMD (aBMD) measured 
by dual- energy X- ray absorptiometry (DXA). Unlike 
DXA, QCT can evaluate the cancellous bone of  a 
certain volume independently without the influence of 
cortical bone and other extraosseous tissues.12

The purpose of this study was to determine whether 
mandibular vBMD is associated with cervical or lumbar 
vertebral vBMD in a Chinese population.

Methods and materials

Study subjects
The subjects included in this study were participants 
since June 2014 in an ongoing study of  degeneration 
of  the spine and knee. The present study analyzed 
existing data from previous studies, which were 
approved by the Ethics Committee of  Beijing Jishuitan 
Hospital, Peking University Fourth School of  Clin-
ical Medicine, China.13,14 Details of  these studies have 
been reported previously.13,14 The criteria for inclu-
sion were: healthy adults, aged 20–65 years. Partici-
pants on medications that have an influence on bone 
metabolism were excluded. The exclusion criteria also 
included: diabetes, thyroid and parathyroid disease, or 
other chronic illnesses affecting BMD. All the subjects 
signed informed consent before examination. In brief, 
680 healthy subjects were enrolled. In nine subjects, 
vBMD values for the mandible were missing for the 
following reasons: periodontitis, mandibular metal 
implants, artifacts caused by dentures and motion. 
In further four subjects, values for the cervical spine 
were missing due to artifacts caused by the lead- based 
shielding vestment used to protect subjects against 
radiation. In addition, six subjects declined to undergo 

the lumbar spine QCT examination. Results for 661 
individuals were available for statistical analysis 
including 270 males (range 21–59 years old) and 391 
females (range 20–59 years old). Demographic infor-
mation including age (years), weight (kg), height (cm) 
and body mass index (BMI, kg/m2) were recorded 
before scanning.

Mandible, cervical and lumbar vertebrae scanning by 
QCT
As part of  the study protocol, the cervical verte-
brae from C2 to C7 and lumbar vertebrae from L2 
to L4 were scanned as well as the mandible. QCT 
scans were obtained using a Toshiba CT scanner 
(Aquilion PRIME ESX- 302A, Toshiba Medical 
Systems Corporation, Otawara, Japan), as previously 
described.13,14 A Model three five- rod QCT calibra-
tion phantom (Mindways Inc., Austin, TX) with an 
aqueous K2HPO4 bone density standard was placed 
beneath the scanning table and scanned simultane-
ously according to the standard protocol of  Lang et 
al15. The scanning parameters were as follows: 120 
kV, 187 mAs, 1 mm slice thickness, 40 cm field of 
view (SFOV), and 512 × 512 matrix in spiral recon-
struction and standard reconstruction algorithms. 
The precision error of  this measurement method is 
reportedly less than 1.5%.15,16

Volumetric BMD (vBMD) measurement
After CT scanning, the images were transferred to a 
QCT workstation for further analysis with the QCT Pro 
5.0.3 (Mindways Inc.) analysis software. Round or oval- 
shaped regions of interest (ROIs) were defined in the 
middle of the left mandible (beneath the incisors), the 
body (beneath the canines) and the angle (beneath the 
first and second molars).14 The ROIs were 20–40 mm2 
in area and 5 mm in height, and excluded cortical bone. 
The ROIs in the spine were defined as the largest oval- 
shaped areas that could be set in the cervical and lumbar 
vertebrae trabecular bone with a height of 9 mm, 
excluding cortical bone and the basivertebral plexus.13,17 
The vBMD values were recorded for statistical analysis 
(Figure 1).

Statistical analysis
SPSS Statistics for Windows v. 20.0 (IBM SPSS Inc., 
Chicago, IL) was used for statistical analysis. A descrip-
tive study was made of each variable. The baseline char-
acteristics of the subjects were calculated as means ± 
standard deviation (SD). The vBMD data were grouped 
based on sex and age (10 year intervals) and expressed as 
the median and interquartile range. Non- parametric test 
was used to compare the vBMD of different groups. The 
Spearman rank correlation test was used to compare 
mandibular and spine vBMD in different age groups. p 
< 0.05 was considered statistically significant.
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Figure 1 Volumetric BMD measurement of mandible (a), cervical (b) and lumbar spine (c) in a 28- year- old female. BMD,bone mineral density.
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Results

Study population characteristics
661 healthy subjects (270 males, mean age 40 years; 
391 females, mean age 41 years) were recruited to 
this study. Baseline characteristics of the subjects are 
shown in Table  1. There were 102 participants in the 
20–29 year age group (38 males, 64 females), 213 in the 
30–39 year age group (96 males, 117 females), 236 in 
the 40–49 year age group (98 males, 138 females) and 
110 in the 50–59 year age group (38 males, 72 females). 
The age difference between males and females was not 
statistically significant (p = 0.249). Males were taller and 
heavier than females and the BMI difference between the 
sexes was statistically significant (Table 1). The cervical 
and lumbar vertebrae vBMD in females were statisti-
cally significantly higher than in males. The vBMD of 
the mandibular body and angle sites were also statisti-
cally significantly higher in females than in males. There 
was no significant difference in vBMD of the mandib-
ular middle site between males and females.

Distribution trend of BMD in mandible, cervical and 
lumbar spine in males and females
Median vBMD values and interquartile ranges for males 
and females are plotted in the box- and- whisker plots in 
Figures 2 and 3 respectively. For males, median vBMD 
in the spine reached the peak value in the 30–39 year 
group and then started to decline gradually in 40–49 
and 50–59 year groups. Median vBMD in the mandible 
increased with age, and was highest in the 40–49 year 
group, before decreasing in the 50+ year group. In 
females, the age related trends of spinal and mandib-
ular vBMD were consistent with those in males. In 
addition, the vBMD of cervical vertebrae were signifi-
cantly higher than lumbar vertebrae for both males and 
females (p<0.01). The vBMD of vertebrae in females 
was significantly higher than males at the three age 
groups below 50 years for both the cervical and lumbar 
spine (p<0.01), and there were no significant gender 
difference at 50–59 year group for the vBMD of either 

cervical or lumbar vertebrae with p = 0.930 and 0.571, 
respectively. The median vBMD at the mandibular 
middle site was higher than the other two mandibular 
sites for both males and females.

Correlation between cervical, lumbar vertebrae and 
mandible vBMD for Males and Females
Values of the Spearman correlation coefficient between 
mandibular and vertebral vBMD ranged from R = 
0.048 to 0.141 (Table 2). In males, the three correlation 
coefficients between mandibular and cervical vBMD 
(middle: R = 0.138; body: R = 0.126; angle: R = 0.122) 
were all statistically significant (p < 0.05). In females, 
the correlation between the middle mandibular site and 
cervical site was statistically significant (R = 0.141, p < 
0.01). Of the other eight correlations examined, none 
was statistically significant.

table 1 Characteristics of the subjects

Parameters Males Females p value

Sample size 270 391

Age (years) 39.4 ± 8.6 40.2 ± 9.2 0.249

Height (cm) 172.4 ± 5.9 160.4 ± 7.4 ＜0.001

Weight (kg) 78.1 ± 11.8 62.1 ± 10.2 <0.001

BMI (kg/m2) 26.2 ± 3.6 24.5 ± 8.5 <0.001

Mandibular middle vBMD (mg/cm3) 234.9 (173.3, 323.2) 238.6 (159.5, 340.7) 0.531

Mandibular body vBMD (mg/cm3) 143.4 (89.8, 241.0) 176.9 (113.8, 255.6) 0.003

Mandibular angle vBMD (mg/cm3) 121.6 (66.5, 219.2) 148.3 (89.4, 226.4) 0.014

C2-7 vBMD (mg/cm3) 266.3 (228.3, 297.7) 302.9 (257.1, 346.3) <0.001

L2-4 vBMD (mg/cm3) 146.5 (127.0, 167.1) 163.3 (138.6, 184.8) <0.001

Results for age, height, weight and BMI are the mean and standard deviation. Results for mandibular and vertebral vBMD are the median and 
interquartile range.BMD, bone mineral density; BMI: body mass index.

Figure 2 Box and whisker plot showing the median, interquar-
tile range, maximum and minimum vBMD values for the mandible, 
cervical and lumbar spine in males. BMD, bone mineral density.
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Discussion

In theory, the mandible should have similar metabo-
lism with other cancellous rich sites such as the verte-
bral bodies. However, due to the unique characteristics 
of mandible anatomy, phylogenetic factors, complex 
motions from the surrounding muscles and tooth occul-
sions, mandibular bone mineral density has its own 
particularity.

Differences in the measurement of BMD using DXA 
and QCT are widely accepted and are related to the 
different treatment of cancellous and cortical bone.18–20 
As a two- dimensional projection measurement, DXA 
measures all the bone within a specific area of interest 
and, unlike QCT, cannot differentiate between cortical 
and cancellous bone. This may affect pre- treatment 
evaluations of the condition of bone and future treat-
ment plans. However, QCT is more advanced because 
it selectively measures the volumetric trabecular bone 
(cancellous bone only) without any superposition of 
cortical bone or other surrounding tissues.21–23

Previous studies have investigated the correlation 
between mandibular BMD and osteoporosis using 

different techniques.8,13 Miliuniene et al used DXA and 
panoramic radiographs to demonstrate a high probability 
of osteoporosis in cases where the cortical bone height 
of the mandibular angle was low.8 Li et al reported a 
correlation between bone loss at the manibular angle site 
and lumbar vertebrae bone loss using DXA.24 Lin et al 
showed that senile osteoporotic patients had significant 
mandibular cortical bone loss.25 Osteoporosis had no 
significant effect on healthy alveolar bone and the alve-
olar bone loss was mainly an age- related change.25 Allen 
et al found no significant correlation between panoramic 
radiograph- determined mandibular cortical thickness and 
the QCT- derived BMD of the lumbar vertebrae in survi-
vors of childhood acute lymphoblastic leukemia.26 These 
studies of the mandible used panoramic radiographs and 
DXA, and were unable to distinguish between trabecular 
and cortical bone in the mandible. Analysis of cortical 
bone thickness by mandibular panoramic radiograph is a 
simple classification of changes in the cortex and is not 
able to distinguish between normal and osteopenic/osteo-
porotic postmenopausal edentulous females. The efficacy 
of the panoramic- based mandibular indices in diagnosing 
osteopenia/osteoporosis is low to moderate.27

The lumbar spine is regarded as the most sensitive site 
for BMD measurements for the diagnosis of osteoporosis.28 
We investigated the trabecular vBMD of the mandibular 
middle, body, angle and the cervical and lumbar verte-
brae. Values of the Spearman rank correlation coefficient 
in Table 2 were very low and the majority of the correla-
tions between mandibular and vertebral vBMD were not 
statistically significant. We considered that there was little 
or no significant association between the mandibular 
vBMD and the axial bone BMD in a healthy population 
including subjects with osteopenia. The important ques-
tion, however, is whether mandibular bone loss with age 
is similar to that in vertebral bone or whether it is subtly 
different. Mandibular bone develops as a membrane bone, 
whereas the vertebrae develop as endochondral bones. 
The mandible is of neural crest origin whereas the verte-
bral columns are of mesodermal origin. There are minor 
phenotypic differences between osteoblasts depending on 
their site of origin and anatomical location, which can be 
demonstrated biochemically.29–31 The mandible is formed 
by the complicated processes of ossification. However, 
aside from the spine BMD, additional undefined factors, 
including mechanical stress from occlusion, may be 
involved in maintaining mandibular BMD. Mandibular 
vBMD does not change synchronously with spine vBMD 
and is not a good predictor of spine vBMD. Therefore, 
mandibular vBMD measurements have limited value 
for the evaluation of systemic bone loss and should not 
replace spine vBMD in clinical practice for the assessment 
of osteoporotic fracture risk, for which the lumbar spine is 
still the first choice of BMD measurement site.

In conclusion, the results from our study showed that 
the correlations between mandibular vBMD and cervical 
and lumbar vertebral vBMD were poor and generally 
not statistically significant. These findings indicate that 

Figure 3 Box and whisker plot showing the median, interquar-
tile range, maximum and minimum vBMD values for the mandible, 
cervical and lumbar spine in females. BMD, bone mineral density.

table 2 Spearman rank correlation coefficients between vBMD 
measurements for males and females

Sections

Males Females

Number C2-7 L2-4 Number C2-7 L2-4

Middle 270 0.138a 0.057 391 0.141b 0.048

Body 270 0.126a 0.119 391 0.078 0.070

Angle 270 0.122a 0.083 391 0.095 0.068

p values were for the correlation between mandible and spine 
analyzed using the Spearman rank correlation coefficient.
aThe correlation was statistically significant (p<0.05).
bThe correlation was statistically significant (p<0.01).
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the change of mandibular vBMD often differs from 
that in the spine, and that mandibular vBMD should be 

measured independently for the assessment of mandib-
ular bone status.
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