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Objective: To investigate the bone mineral density (BMD) of cervical vertebrae in a population-stratified manner and
correlate with that of the lumbar vertebrae.

Materials and Methods: Five hundred and ninety-eight healthy volunteers (254 males, 344 females), ranging from 20 to 64
years of age, were recruited for volumetric BMD (vBMD) measurements by quantitative computed tomography. Basic
information (age, height, weight, waistline, and hipline), and vBMD of the cervical and lumbar vertebrae (C2-7 and L2-4)
were recorded. Comparisons among sex, age groups and different levels of vertebrae were analyzed using analysis of
variance. Linear regression was performed for relevance of different vertebral levels.

Results: The vBMD of cervical and lumbar vertebrae was higher in females than males in each age group. The vBMD of the
cervical and lumbar vertebrae in males and the vBMD of lumbar vertebrae in females decreased with aging. In each age
group, the vBMD of the cervical vertebrae was higher than that of the lumbar vertebrae with gradual decreases from C2 to
C7 except for C3; moreover, the vBMD of C6 and C7 was significantly different from that of C2-5. Correlations of vBMD
among different cervical vertebrae (females: r = 0.62-0.94; males: r = 0.63-0.94) and lumbar vertebrae (males: r = 0.93-
0.98; females: r = 0.82-0.97) were statistically significant at each age group.

Conclusion: The present study provided normative data of cervical vertebrae in an age- and sex-stratified manner. Sex
differences in vBMD prominently vary with age, which can be helpful to design a more comprehensive pre-operative surgical
plan.
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Osteoporosis is a worldwide public health issue, which has
received great attention (1). In osteoporotic patients, the
abnormal bone mass can affect the mechanical properties
of the bone (2, 3) and may lead to low back pain, disc
degeneration or wedge fracture of the vertebral body (4-8).
Moreover, the decreased bone mass of the cervical vertebrae
is closely related to loosening of the spinal surgical implant
screws and the artificial inter-vertebral disc substitutes (9,
10).

Currently, clinical and laboratory-based measurements of
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the lumbar vertebrae from dual-energy X-ray absorptiometry
(DEXA) or quantitative computed tomography (QCT) are
applied to investigate the bony status throughout the body
(11-13). However, the anatomy, function, and mechanisms
of injury and load transfer between the cervical spine and
lumbar spine differ significantly (14). The cervical spine

is a complex and distinct articular system in the body due
to its weight bearing requirements, 6 degrees freedom

in movement (15), and function of providing passage for
neural and vascular structures (16). The dense structure of
the cervical vertebrae is attributed to high dynamic forces
from mobility and decreased size of cervical bodies (17).
Higher bone mineral density (BMD) within the cervical than
lumbar spine could be explained on the basis of the unique
anatomic characteristics of the cervical spine, phylogenetic
and kinematic factors. Firstly, the cervical spine is exposed
to high dynamic forces because of their mobility and small
size (17). Secondly, the cervical vertebrae is a phylogenetic
reminiscence of quadruped gait, and is exposed to much
higher stress because of the supporting of the head (17).
Thirdly, coupled with the unique muscular anatomy, the
cervical spinal column accommodates complex motions from
various muscles and in various directions (18).

The cervical vertebra has specific characteristics, hence,
our knowledge of the lumbar vertebrae cannot directly
extend to the cervical vertebrae. Yoganandan et al. (18, 19)
reported that the volumetric BMD (vBMD) of the cervical
vertebrae is higher than that of the lumbar vertebrae; and
the vBMD of the cervical vertebrae gradually decreases
from C2 to C7 level. However, the findings of their study
cannot be generalized for all ages as the study population
had a mean age of 24.9 years (range from 18-40 years) in
females and 25 years (range from 18-41 years) in males.

To the best of our knowledge, there are no age- and sex-
stratified studies to investigate the normal range of BMD of
the cervical vertebrae. Moreover, the correlation between
the cervical and lumbar vertebrae with age, which directly
impacts pre-operative surgical plan for implant instrument,
remains unknown.

In addition, vertebral bodies consist of the peripheral
cortical bone and the centrally located cancellous bone,
which are both sensitive indicators of bone loss in aging
and especially for postmenopausal women (20). Compared
with DEXA, QCT shows a more comprehensive evaluation
related to the disease, since it can selectively measure the
cancellous bone of the vertebral body (21, 22). Therefore,
the purposes of this study were (1) to investigate the sex-
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and age-stratified normative vBMD values of the cervical
vertebrae by QCT and (2) determine the correlations with
those of the lumbar vertebrae.

MATERIALS AND METHODS

Study Subjects

The subjects included in this study were participants of an
ongoing study since June 2014 on degeneration of the spine
and knee. The present study analyzed existing data in the
spine and knee degeneration study and the study protocol
was approved by the Ethics Committee of our hospital. The
criteria for inclusion were healthy adults, aged 20-65 years,
and resident in Beijing > 5 years. Exclusion criteria were
those who were affected by any disease that may influence
bone metabolism, including trauma and tumor, and those
who were taking bone metabolism regulating drugs (19, 20,
23). All the subjects signed informed consent.

Cervical and Lumbar Vertebra Scanning by QCT

Basic information including age (years), height (cm),
weight (cm), body mass index (BMI, kg/cm?), waistline
(cm), and hipline (cm) were recorded before scanning. As
part of the study protocol, the cervical vertebrae from C2
to C7 and lumbar vertebrae from L2 to L4 were scanned
with Toshiba CT scanner (Aquilion PRIME ESX-302A,
Toshiba Medical Systems Corporation, Otawara, Japan). A
QCT calibration phantom (Mindways Inc., Austin, TX, USA)
was placed beneath the spine and scanned simultaneously
according to the standard scanning protocol by Lang et
al. (24). The scanning parameters were as follows: 120 kV,
187 mAs, field-of-view 40 cm, 1 mm slice thickness, and
reconstruction matrix: 512 x 512. The measurement error of
this method is reportedly lower than 1.5% (23, 24).

Volumetric BMD (vBMD) Measurement

After scanning, the CT dataset were translated to the
QCT workstation for further analysis with the QCT Pro 5.0.3
(Mindways Inc.). The regions of interest were defined
as the oval-shaped areas containing the largest areas of
the trabecular bone, not including the cortical bone or
basivertebral plexus (19, 25). Then, the vBMD values of
C2-7 and L2-4 were recorded and analyzed, respectively.

Statistical Analysis
SPSS 19.0 software (SPSS Inc., Chicago, IL, USA) was
used for statistical analysis. Data were grouped based on
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sex and age (10 years intervals) and expressed as the mean
+ standard deviation (SD). One-way analysis of variance
(ANOVA) was used to determine the statistically significant
differences between different age groups. Repeated
measures ANOVA was used to determine the statistically
significant differences between different levels. P < 0.05
was considered as statistically significant. Linear regression
analysis was also performed for both males and females and
different age groups.

RESULTS

Characteristics of Subjects

Five hundred and ninety-eight healthy volunteers (254
males, mean age 40.1 + 8.8 years; 344 females, mean
age 41.4 + 9.0 years) were recruited in this study. These
included 5327 vertebrae, including 3569 cervical vertebrae
and 1758 lumbar vertebrae. Some vBMD values of vertebrae
were missing due to the following reasons: artifacts caused
by dentures or mandibular metal implant (C2, 4; C3, 3; C4,
3); artifacts caused by the lead-based shielding vestment
used to protect volunteers against radiation (C7, 9); and
refusal to undergo the lumbar spine QCT examination in 12
volunteers (L2, 12; L3, 12; L4, 12). Basic information of all
the subjects by sex was shown in Table 1.

Age-Stratified Study of vBMD Values for Males and
Females

The mean vBMD values and SDs per age group for each
vertebral level were shown in Table 2 for males and Table 3
for females. Additionally, charts of Tables were also shown
in Figures 1 and 2 for males and females.

In population-based analysis for males, mean vBMD
values were the highest in the 20-29 years age group for
the cervical (C2-6) and lumbar (L2-4) vertebrae except the
C7 vertebrae, which peaked in the 30-39 years age group.
Generally, the vBMD values decreased with aging, while

Table 1. Basic Characteristics of Subjects
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the vBMD values of L2-4 remained unchanged until 30-39
years of age and decreased more significantly than those
of the cervical vertebrae in the 40-49 and 50-59 years age
groups. Interestingly, most of the data showed statistically
significant differences in every other age group. For the
analysis of differences among vertebrae, the vBMD values
of C2 was the highest, followed by C4 and C5, in order, in
different age groups. Moreover, the vBMD values of C3 were
between those of C2 and C4, and the vBMD values of C5-6
were reduced from C5 and significantly different from those
of C2-4 vertebrae. However, the vBMD values of cervical
vertebrae were higher than those of the lumbar vertebrae.
In addition, the differences of vBMD values between L2-4
vertebrae were not statistically significant among different
age groups.

In females, the vBMD values of cervical vertebrae
increased with aging but decreased in the 50-59 years age
group; conversely, the vBMD values of lumbar vertebrae
peaked in the 20-29 years age group and then decreased
with aging. For the analysis of difference among vertebrae,
the vBMD values of C2 was the highest followed by C4 in
all age groups. The shifting trends of C3, C5-7 and L2-4
were consistent with those of males; in addition, the vBMD
values of cervical vertebrae were significantly higher than
those of lumbar vertebrae, similar to males.

The vBMD values of vertebrae in females were significantly
higher than those in males at each age group for both the
cervical and lumbar vertebrae.

Age-Stratified Study of Correlations between Each Level
of Vertebrae for Males and Females

The vBMD correlation coefficients between different
vertebrae at each age group were shown in Table 4 for males
and Table 5 for females. In both males and females, good
correlations were observed among lumbar vertebrae (males:
r=0.93-0.98; females: r = 0.82-0.97) at each age group,
as well as the cervical vertebrae (females: r = 0.62-0.94;

Parameters Male Group Female Group P

Sample size 254 344

Age (years) 40.1 + 8.8 41.4 9.0 0.082
Height (cm) 170.7 £ 16.3 160.1+7.9 < 0.001
Weight (kg) 77.1+13.3 62.1 + 10.4 < 0.001
BMI (kg/cm?) 26.2 + 3.5 24.6 +£9.0 0.007
Waistline (cm) 90.4 + 10.4 80.6 + 11.0 < 0.001
Hipline (cm) 100.71 £ 8.9 97.2+6.9 < 0.001

BMI = body mass index
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males: r = 0.63-0.94), but more prominent among adjacent
levels (females: r = 0.825-0.943; males: r = 0.758-0.928).
The correlation of the lumbar vertebrae was higher than
that of the cervical vertebrae. Besides, low correlations were
detected for C2 and C7 (r = 0.49) in females and for C7 and
(2-6 (r=0.35-0.54) in males. Some correlation was also
found between cervical and lumbar vertebrae (males: r =
0.46-0.69; females: r = 0.46-0.85).

DISCUSSION

Differences in BMD values measured by DEXA and QCT
are widely recognized (20, 26-28). The reason is possibly
related to different bone turnover between the cancellous
and the cortical bone. DEXA is unable to selectively measure
a specific area, which will inevitably include the cortical

Males
—@— Age 20-29
300 -
=~ Age 30-39
== Age 40-49
=¥ Age 50-59
o
= 200+
100 Il Il Il Il Il Il Il Il Il

C2 3 G G5 C6 7 L2 L3 L4

Fig. 1. Outline of vBMD data between groups for males
assessed by QCT. BMD = bone mineral density, QCT = quantitative
computed tomography, vBMD = volumetric BMD

Females
- Age 20-29
~-  Age 30-39
300 -
== Age 40-49
=¥ Age 50-59
o
= 200+
100 Il Il Il Il Il Il Il Il Il
C2 3 C4 C5 C6 c7 L2 L3 L4

Fig. 2. Outline of vBMD data between groups for females
assessed by QCT. BMD = bone mineral density, QCT = quantitative
computed tomography, vBMD = volumetric BMD
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bone. This may affect our pre-operative evaluations on the
state of bone and future surgical plans. However, QCT was
more advanced in selectively measuring the volumetric
trabecular bone (cancellous bone only) without any
superimposition of surrounding tissues (29).

Previous studies have investigated the vBMD data of
cervical vertebrae using different techniques (30-32). Curylo
et al. (32) reported significant differences of the BMD
values measured by DEXA among levels of the lower cervical
vertebrae in a human cadaver study (range of age: 61 to
81 years); they also found that the BMD values were the
highest for C5 and decreased both cephalically and caudally.
Moreover, Anderst et al. (30) and Weishaupt et al. (31)
reported that the BMD value of C5 was the highest among
the cervical vertebrae. The vBMD data from our study are in
general agreement with those of the previous studies, with
some differences. In both, males and females, the vBMD
values of the cervical vertebrae were gradually reduced from
the cephalic to the caudal levels, while the lumbar vertebrae
showed no difference. Additionally, the vBMD values of
C2 were the highest, which was different from previous
studies (30-32); however, the vBMD values of C5 were not
the highest among cervical vertebrae, according to some
reports. Yoganandan et al. (18) reported a decreasing trend
in mean BMD from the neck to the low back in 57 males and
the highest mean BMD of C2, which was higher than that
of C5. On the other hand, in another study, Yoganandan
et al. (19) measured the BMD of cervical, thoracic and
lumbar vertebrae of 30 female subjects and found that the
BMD of C2 (275.3 mg/mL) was slightly lower than that of
(5 (280.4 mg/mL). The size of the study population and
methodology differ among the reports. Our study had a
larger number of subjects (n = 598) than studies by Anderst
et al. (30) (n =21) and Weishaupt et al. (31) (n = 50).
Furthermore, as part of the upper cervical vertebrae, C1-2
share about 60% of the rotating and 40% of the flexion-
extension movements, which might contribute to the high
vBMD values of C2. Genetic, racial, environmental difference
and nutritional factors might be other explanations (33-36).
Besides, cervical osteoporotic fractures rarely occur in C2
(37), which indirectly corroborates our finding. Moreover,
the vBMD values of the cervical vertebrae were not uniform
and exhibited greater fluctuations than those of lumbar
vertebrae, especially in C6 and C7, which were significantly
different from those of C2-5, possibly due to the unique
characteristics of cervical vertebral anatomy, phylogenetic
factors and complex motions from the surrounding muscles
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Table 4. Correlation between Sections for Males
Sections Age Group C2 C3 C4 C5 C6 C7 L2 L3
20-29 0.825
3 30-39 0.903
40-49 0.885
50-59 0.855
20-29 0.784 0.922
4 30-39 0.870 0.943
40-49 0.880 0.923
50-59 0.850 0.895
20-29 0.657 0.788 0.837
30-39 0.862 0.917 0.911
6 40-49 0.822 0.865 0.906
50-59 0.787 0.855 0.857
20-29 0.631 0.721 0.736 0.884
6 30-39 0.849 0.904 0.882 0.937
40-49 0.772 0.786 0.859 0.892
50-59 0.826 0.814 0.858 0.863
20-29 0.389 0.384 0.354 0.451 0.540
C 30-39 0.718 0.774 0.726 0.797 0.846
! 40-49 0.672 0.724 0.769 0.787 0.866
50-59 0.800 0.808 0.765 0.782 0.868
20-29 0.524 0.590 0.492 0.546 0.644 0.492
L2 30-39 0.600 0.628 0.639 0.636 0.680 0.648
40-49 0.540 0.546 0.564 0.631 0.656 0.592
50-59 0.548 0.555 0.559 0.583 0.660 0.687
20-29 0.546 0.595 0.489 0.542 0.663 0.510 0.965
L3 30-39 0.588 0.625 0.617 0.633 0.674 0.656 0.976
40-49 0.509 0.505 0.515 0.600 0.619 0.538 0.955
50-59 0.532 0.528 0.524 0.544 0.652 0.697 0.968
20-29 0.590 0.570 0.465 0.473 0.590 0.502 0.930 0.948
L4 30-39 0.588 0.623 0.614 0.629 0.667 0.681 0.946 0.970
40-49 0.540 0.541 0.540 0.622 0.633 0.542 0.926 0.959
50-59 0.562 0.544 0.537 0.543 0.655 0.696 0.931 0.964

(18, 38). Miller et al. (39) reported that fractures at C7
level were more common than those at other cervical levels,
which could be attributed to lowest BMD values among the
cervical vertebrae.

Extensive data stratified for age and sex were obtained.
Similar to the lumbar vertebrae in males, the cervical
vertebrae showed a decreasing trend of bone mass with
aging. However, different from the decreasing trend of
the lumbar vertebrae in females, the vBMD values of the
cervical vertebrae increased with aging and decreased
dramatically till menopause. This phenomenon might be
related to the secretion and accumulation of estrogen with
aging, but the specific reasons remain unknown. The vBMD
values of the cervical and lumbar vertebrae were higher
in females, as compared to males at every age group. The

586

results are in accordance with earlier studies (18-20, 40).
This findings differ from the areal BMD results by DEXA,
possibly since areal BMD by DEXA are size-dependent and
tend to overestimate areal BMD in patients with large bones
or higher BMI, and underestimate it in patients with small
bones or lower BMI (41, 42). The results are consistent
with the phenomenon in which the incidence of cervical
fractures in females is lower than that in males (43-45),
as the cervical vertebrae might have a lower likelihood of
fracture than the lumbar vertebrae due to the higher vBMD
values (46-48).

Correlations among the lumbar vertebrae were higher
than those in the cervical vertebrae, and some correlation
was detected among the cervical and lumbar vertebrae,
as reported previously (18-20), indicating that the vBMD
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Table 5. Correlation between Sections for Females
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Sections Age Group C2 C3 C4 C5 C6 C7 L2 L3
20-29 0.810
3 30-39 0.943
40-49 0.871
50-59 0.899
20-29 0.790 0.901
4 30-39 0.898 0.919
40-49 0.898 0.919
50-59 0.854 0.927
20-29 0.744 0.796 0.883
30-39 0.842 0.870 0.889
e 40-49 0.794 0.869 0.903
50-59 0.857 0.888 0.904
20-29 0.616 0.743 0.801 0.758
6 30-39 0.794 0.810 0.852 0.913
40-49 0.745 0.822 0.861 0.914
50-59 0.853 0.913 0.907 0.919
20-29 0.491 0.729 0.820 0.740 0.795
C 30-39 0.813 0.816 0.828 0.887 0.928
! 40-49 0.741 0.809 0.846 0.860 0.901
50-59 0.849 0.865 0.836 0.866 0.920
20-29 0.732 0.780 0.827 0.777 0.711 0.787
L2 30-39 0.683 0.708 0.693 0.708 0.727 0.762
40-49 0.635 0.646 0.670 0.700 0.730 0.717
50-59 0.798 0.811 0.836 0.850 0.843 0.850
20-29 0.679 0.693 0.742 0.730 0.540 0.705 0.896
13 30-39 0.699 0.720 0.706 0.716 0.733 0.786 0.970
40-49 0.623 0.621 0.636 0.672 0.690 0.687 0.972
50-59 0.789 0.800 0.828 0.817 0.811 0.806 0.962
20-29 0.680 0.674 0.727 0.715 0.464 0.647 0.817 0.942
L4 30-39 0.626 0.666 0.651 0.662 0.682 0.730 0.931 0.961
40-49 0.618 0.631 0.643 0.681 0.697 0.698 0.953 0.964
50-59 0.799 0.788 0.817 0.836 0.815 0.821 0.944 0.960

values of the lumbar vertebrae do not accurately predict
the vBMD values in the cervical vertebrae. Therefore, it
is necessary to obtain the vBMD values from its adjacent
levels. In addition, with the lack of differences observed
among L2-4 vBMD values at each age group, the lumbar
vertebrae is more suitable for clinical and biomechanical
evaluation and as the reference of bone mass throughout
the body.

To our knowledge, this is the first clinical study to
investigate and establish the normative data on cervical
vertebrae in an age-stratified and sex-related manner. In
addition, we measured the vBMD values of the cervical and
lumbar vertebrae on the same day in order to guarantee
the accuracy of the descriptions of correlation between the
cervical and lumbar vertebrae. However, there were still
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some limitations. First, we excluded the 10-19 years-of-age
group because this group was still in the growth stage, and
not authorized for study by the Ethics Committee. Moreover,
the small number of subjects in the 60-69 years-of-age
group could have further limited the statistical analysis.

In conclusion, the present study comparatively
determined the vBMD values of the cervical and lumbar
vertebrae from 598 volunteers using QCT in an age- and sex-
stratified manner. The vBMD values generally decreased in
both the cervical and lumbar vertebrae with aging, except
for the cervical vertebrae in females, which increased with
aging and then decreased dramatically till menopause.
Additionally, the vBMD value of C2 was the highest,
suggesting that trabecular bony architecture was denser and
more protected by the high BMD values. These prominent
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normative data of the cervical vertebrae from the QCT could
be helpful to comprehensively evaluate the cervical spine
status and design a better pre-operative surgical plan for
implant instrument.
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