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Abstract

Introduction The assessment of bone density is of great importance nowadays due to the increasing age of patients.
Especially in regard to the surgical stabilization of the spine, the assessment of bone density is important for thera-
peutic decision making. The aim of this work was to record trabecular bone density values using Hounsfield units of
the second cervical vertebra.

Material and methods The study is a monocentric retrospective data analysis of 198 patients who received contrast-
enhanced polytrauma computed tomography in a period of two years at a maximum care hospital. Hounsfield units
were measured in three different regions within the C2: dens, transition area between dens and vertebral body and
vertebral body. The measured Hounsfield units were converted into bone density values using a validated formula.

Results A total of 198 patients were included. The median bone density varied in different regions of all measured
C2 vertebrae: in the dens axis, C2 transition area between dens and vertebral body, and in the vertebral body bone
densities were 302.79 mg/cm?, 160.08 mg/cm?, and 240.31 mg/cm?, respectively. The transition area from dens axis to
corpus had statistically significant lower bone density values compared to the other regions (p <0.001). There was a
decrease in bone density values after age 50 years in both men and women (p <0.001).

Conclusions The transitional area from dens axis to corpus showed statistically significant lower bone density values
compared to the adjacent regions (p <0.001). This area seems to be a predilection site for fractures of the 2nd cervical
vertebra, which is why special attention should be paid here in radiological diagnostics after a trauma.
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Introduction
The assessment of bone density is of great importance

several studies in the literature showing a significant cor-
relation between the Hounsfield units (HU) of a com-

nowadays due to the increasing age of patients. Especially
with regard to the surgical stabilization of the spinal ver-
tebrae following trauma, the assessment of bone density
is important for the therapy decision. There are already
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puted tomography and the bone density measured by
DXA (Dual energy X-ray absorptiometry) [1-7].
Measuring bone density is important in the context
of diagnosing osteoporosis. The clinical importance of
osteoporosis refers to the increased risk of fractures [8,
9]. Osteoporosis is a disease that has received increas-
ing attention due to the increasing age of the population.
Bone density assessment is therefore very important [9].
Worldwide, osteoporosis causes more than 8.9 million
fractures annually [10]. Often, the diagnosis is not made
until an osteoporotic fracture occurs. In 2010, it was esti-
mated that there were 158 million people at high risk
of fracture. Due to demographic change, this number
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is expected to double by 2040 [11]. According to Klotz-
buecher et al. [12], a loss of 10% bone mass in the ver-
tebrae can double the risk of vertebral fractures, and a
loss of 10% bone mass in the hip can similarly lead to a
2.5-fold higher risk of hip fractures. Osteoporotic frac-
tures lead to increased morbidity and mortality [13]. It
is already known that age is an independent factor in the
reduction of bone density [14, 15]. Yu et. al reported a
more rapid decrease in spinal bone density in women in
age groups after 40—49 years compared to men [16].

For bone density measurement, DXA is the gold stand-
ard [17]. However, this examination has some disadvan-
tages: For example, it cannot distinguish between cortical
bone and cancellous bone, cannot examine specific spinal
segments, and has a high cost.

There are several methods to determine bone density
based on a clinical CT scan: simultaneous calibration,
asynchronous calibration, internal calibration or using
the HU directly. The simultaneous phantom-based cali-
bration is used in standard quantitative CT (QCT). In
this method, the bone density is calculated from the CT
values using a phantom calibration containing usually
hydroxyapatite which is positioned under the patient.
This procedure minimizes the differences in bone density
between different models of CT scanners. Asynchronous
calibration does not require the presence of a phantom
during CT scan. This method separates patient investiga-
tion and phantom scan. The calibration phantom can be
scanned once weekly or once monthly[18]. The internal
density calibration eliminates the need of a calibration
phantom for opportunistic CT screening. This method
uses in-scan regions of interest (ROI) in different body
tissues such as subcutaneous adipose tissue and blood
for calibration. Michalski et al. [19] showed in the cadav-
eric analyses that internal calibration performs equiva-
lently to the phantom-based calibration. The direct use
of HU is another method to determine bone density. A
calibration is not performed, making this method surely
the easiest to use. The direct use of HU requires a CT
scanner produced by the same manufacturer or ide-
ally the same scanner [18, 20]. Determination of HU is
associated with no additional cost or additional radia-
tion because a CT scan is usually already available after
trauma or before spinal instrumentation [3]. There are
already several studies in the literature showing a correla-
tion between directly obtained HU from a CT scan and
DXA and QCT values [2, 5, 21-24]. The measurement
of HU is currently accepted as a good tool for measur-
ing bone density [3]. Based on their results, Pickhardt
et al. [2] claim that the cutoff for osteoporosis is 135 HU.
Buenger et al. also demonstrated a significant relation-
ship between HU measured on CT and QCT values. For
both native CT examinations and contrast-enhanced CT
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examinations, a conversion formula for measuring bone
density was proposed: QCT value=0.7 x HU+17.8 and
QCT value=0.71 x HU + 13.82, respectively [1, 3].

The first two vertebral bodies (C1, C2) have a signifi-
cantly different structure compared to the other cervical
vertebrae. C1 and C2 share about 60% of the rotational
and 40% of the flexion—extension movements [25]. Frac-
tures of C2 are the most common cervical spinal injury
among elderly [26, 27]. C2 fractures can be subdivided
into odontoid fractures, Hangman’s fractures, and atypi-
cal fractures [28]. The odontoid type 2 fractures are the
most common type of C2 fractures [27].

The aim of this work was to evaluate the trabecular
bone density values using Hounsfield units of the second
cervical vertebra. Furthermore, it was to be examined
whether differences in bone density exist between the
vertebral regions of the axis in relation to sex and age.

Material and methods

This study is a monocentric retrospective data analy-
sis. 198 patients who received contrast-enhanced pol-
ytrauma CT scans (256-slice Multi Detector Ct Scanner
GE Healthcare Revolution; slice thickness 0.625 mm;
tube spectra 80-120 kV, tube current: Smart mA 100-
755, voxel size: 1,25 mm, pitch: 0.922:1, rotation time:
0.5 s, detection coverage: 80 mm) in a period between
01/01/2020 and 31/06/2021 at a maximum care hos-
pital were included in the study. Patients were subse-
quently included in chronological order depending on
the date of examination. Data collection was performed
anonymously in an Excel spreadsheet by a single phy-
sician. Basic information (patient age, sex, examina-
tion date) and Hounsfield units and vertebral bone
density of C2 were recorded. Bone density values were
calculated using the formula of Buenger et al. (QCT
value=0.71 x HU +13.82) [1]. The data were stratified by
sex and decade of life. The overall study design and con-
duct were approved by the local ethic committee (Reg.-
Nr.: 2020-2030-Daten).

Patients without age limitation who underwent
contrast-enhanced polytrauma CT polytrauma were
included.

Exclusion criteria were pathologies such as C2 frac-
tures, surgery with material implantation in the upper
cervical spine, signs of osteochondrosis or spondylodis-
citis and artifacts due to implanted materials or other
causes.

Measurement of the hounsfield units

Hounsfield units (HU) were recorded in the axial plane.
HU were measured with an elliptical measurement field
in three different localizations within the vertebral body:
dens, transition area between dens and vertebral body
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and vertebral body. The transition zone was also localized
using coronal CT imaging and was defined as the area
between the dens and vertebral body of C2. In the axial
plane, the "region of interest" (ROI) was chosen as large
as possible, leaving out the cortical bone. Thus, only the
trabecular bone was measured (Fig. 1).

The HU were measured in the Centricity Universal
Viewer Zero (GE Healthcare, Chicago, USA). The meas-
urement of HU values was always performed by the same
physician.

Statistics

The data were recorded anonymously in Microsoft Excel.
Statistical analysis was performed using SPSS 26 (IBM
Inc, USA). Data were grouped by sex and age (10-year
intervals).

-
Fig. 1 Determination of HU of the 2nd vertebra in 3 regions: Dens axis (A), transition area (B) and vertebral body (C) using computed tomography
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The data were not normally distributed, so nonpara-
metric tests were used for statistical analysis. Com-
parison of bone density of different localizations was
performed using the two-sided Friedman test. Com-
parison of 2 localizations was performed using the two-
sided Wilcoxon test. The sex-based comparison was
performed using the two-sided Mann—Whitney U test.
Age-by-age comparison was performed using the two-
sided Kruskal-Wallis test. Paired comparisons between
the age groups were performed using the two-sided
Mann-Whitney U test. The p value was adjusted for
multiple tests using Bonferroni correction.

For all analyses, a p value<0.05 was assumed to be
significant.
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Results

A total of 198 patients were included (153 males and 45
females). The patients were on average 47.05 years old at
the time of study (range min. 10; max. 89).

The mean and median bone density of all measured
C2 vertebrae was 237.25 mg/cm?® and 228.47 mg/cm?,
respectively (min. 103.99; max. 483.84 mg/cm®). The
bone density values of each region of the axis are pre-
sented in Table 1.

The Shapiro-Wilks test (p <0.05) and visual inspection
of its histograms as well as QQ charts showed that bone
density values were not normally distributed. Therefore,
further statistical analysis was performed with nonpara-
metric tests.

There was a statistically significant difference in bone
density values in the different regions of the second cer-
vical vertebra (p<0.001). Statistically significant lower
values were measured in the C2 transition area between
dens and vertebral body compared to the other regions
(p<0.001, Table 1). The same decrease in bone density
values occurred between dens axis to the corpus of C2
with a further decrease to the C2 transition area. This
was also noticeable when comparing by sex (p<0.001,
Table 2). In Fig. 2 are shown the bone density values in
the dens, transition area and vertebral body according to
age group.

The difference between the bone density values
between males and females was not statistically signifi-
cant (231.79 vs. 213.56 mg/cm?; p=0.172).

There was a statistically significant difference between
the bone density values of the different age groups
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(»<0.001, Table 3). A reduction in bone density was
observed in patients over 50 years of age, with a statis-
tically significant difference in paired comparisons of
age groups below 50 years with those above 50 years
(»<0.001). Similar results were seen when comparing
bone density values above 50 years of age for the differ-
ent regions of C2 vertebra. The decrease in values was
observed in both females and males (p <0.001).

Discussion

A decrease in bone density as well as changes in the
basic structure of the bone characterizes osteoporosis.
On the one hand, routine measurement of bone density
can diagnose osteoporosis earlier, and on the other hand,
measurement of bone density is a very important factor
to be considered in spine surgery. There are a few stud-
ies in the literature describing the differences in bone
density between different regions of C2 vertebra. This
information may have an importance not only for osteo-
porosis diagnosis and spine surgery preparation, but also
for medical device industry and scientists who want to
study the biomechanical properties of vertebral bodies.

It is already known that contrast agent administra-
tion leads to a slight increase in HU values. On average,
the differences between native and arterial phases in the
study by Pompe et al. were 12 HU [29].

The main goal of our study was to measure bone den-
sity of the C2 vertebra in different regions. A strength of
our study is the large number of patients. Likewise, the
patients received the same examination after trauma.
Contrast medium was applied to all patients before the

Table 1 Bone density values in mg/cm? in dens axis, transition area and corpus axis

N Mean (mg/cm3) Median (mg/cm?) Standard Minimum Maximum
deviation
Dens axis 198 303.84 302.79 88.80 118.19 564.07
Transition area 198 168.72 160.08 61.65 5145 402.19
Corpus axis 198 239.21 240.31 65.93 11748 54135

C cervical, N number of cases

Significant decrease in values (dens > C2 vertebral body > transitional area; p <0.001)

Table 2 Bone density values in mg/cm? in dens axis, transition area and corpus axis in females and males

Females Males

N Mean (mg/cm?) Median (mg/cm3) N Mean (mg/cm?) Median (mg/cm3)
Dens axis 45 28862 270.13 153 308.32 30847
Transition area 45 158.08 155.11 153 171.85 162.21
Corpus axis 45 237.55 231.79 153 239.69 241.73

N number of cases

Significant decrease in values (dens axis > corpus > transition area; p <0.001)
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Fig. 2 Bone density values of all patients in the area of dens axis, transition area and corpus axis according to age group
Table 3 Bone density values in mg/cm? of C2 of different age groups
Age group N Mean (mg/cm3) Median (mg/cm3) Standard Minimum Maximum
deviation

10-19 years 16 27263 271.08 50.27 201.26 411.18
20-29 years 25 253.54 24126 5151 18540 364.56
30-39 years 36 260.78 25392 62.06 12647 392.01
40-49 years 25 267.00 245.75 73.81 145.88 447.16
50-59 years 39 228.28 221.14 62.67 126.95 483.84
60-69 years 28 212.17 212.74 54.76 131.68 337.11
70-79 years 17 186.92 187.06 54.87 103.99 305.87
80-89 years 12 182.66 176.17 54.34 117.95 265.63
Total 198 237.26 22848 65.54 103.99 483.84

N number of cases

Significant decrease in bone density in paired comparisons of age groups below 50 years with those above 50 years (p <0.001)

examination of the spine. For these reasons, the val-
ues are very comparable with each other and between
patients.

In our study, when examining the bone density of C2,
it was noticed that there was a transitional area between
the dens and the corpus, where statistically significantly
lower values were detected than in the adjacent areas.
This hypodense bone area, located immediately below
the dens, was also described in the anatomical studies of
Heggeness et al. and Kandziora et al. [30, 31]. This area

is the area where the most common type of C2 fracture
occurs: the type II odontoid fracture. This certainly seems
to be related to the decrease in bone density in this area.
The study by Lodin et al. is the only one we were able to
find in which the bone density of the C2 vertebra was
examined using HU. Bone density was measured preop-
eratively and postoperatively in patients with an odontoid
fracture. A similar decrease in transitional bone density
was also described in this study. It should be noted that
this study involved patients who had already sustained a
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dens axis fracture and not healthy patients [32]. In com-
parison, only patients without a fracture were examined
in our study.

Some studies have already compared spinal bone den-
sity by sex. Lehmann et al. described no significant differ-
ence in bone density between premenopausal women and
men [33]. Similar data were also noted by Cvijetic and
Korsic [34]. However, there are several studies describing
higher bone density values for premenopausal women
compared with men [5, 35]. Zhang et al. described greater
values of bone density in women compared with men
at all ages. All patients were under 59 years of age [25].
When comparing bone density by sex, we did not find a
significant statistical difference in values in our study. The
bone density values of all C2 vertebra regions by gender
were very similar, with no significant differences.

Comparing bone density by age, in our study, we
observed a significant decrease in bone density of C2 in
both men and women over 50 years of age. The decrease
in bone density in women can certainly be explained by
postmenopausal changes and was similarly described by
Lehman et al. when measuring bone density using DXA
[33]. However, the authors did not observe a significant
decrease in bone density with the increase in age in
men. Zhang et al. described higher bone density values
in women compared with men at all ages [25]. The dif-
ference between the Lehmann et al. and Zhang studies
may perhaps come from the different study methods. It
is well known that both cortical and trabecular bones are
examined using the DXA examination. However, overall,
a decrease in bone density in postmenopausal women is
certainly very credible and physiologically explainable.
In our study, this was also observed. One possible cause
of the marked decrease in bone density in men after the
age of 50 would be the decrease in testosterone levels.
However, it is already known that testosterone levels only
decrease at about 1 percent per year [36]. Another pos-
sible cause would be that at older ages, bones are less
stressed due to limited exercise, resulting in a decrease in
bone density. There are already several prospective ran-
domized studies demonstrating the protective effect of
strength training on bone density [37, 38].

Of course, our study also has limitations. The study
is purely retrospective and monocentric. The CT scans
were conducted in the context of a trauma. As a result,
the selection of patients may naturally include subjects
with pre-existing conditions. The medication that could
have an influence on bone density was not recorded. Fur-
thermore, the individual radiation dose values were not
collected.

In addition, all examinations were performed with con-
trast medium administration. On the one hand, this is an
advantage because the examinations can be compared
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well with each other; on the other hand, as already men-
tioned, the measurement of bone density is influenced by
the administration of contrast medium. Another limita-
tion of the study is that approximately three times more
men than women were included in the study. This can
generally be explained by a higher proportion of trauma
patients being men.

Another limitation of the study is the method of deter-
mining bone density from directly measured HU on CT
using the above equation of Buenger et al. [1]. Compared
to the other clinically used methods for bone density
determination on CT like asynchronous calibration and
internal calibration, in the case of directly measured HU
no calibration of the bone density values is performed.
For this reason, the values obtained are dependent on the
used CT scanner and may differ between CT scanners of
different manufacturers. This was confirmed by a study of
67392 CT investigations obtained from four different CT
scanners, showing differences in HU obtained between
CT scanners [20]. In addition, the Buenger et al. equation
was validated on a single CT scanner, so it is not known
if it is valid on CT scanner from a different manufacturer.

In the present study, we tried to avoid possible errors
coming from measurement of HU on CT investigations
obtained from different scanners. All CT investigations
in this study were performed on the same CT scanner.

In our study, we did not examine the inter-observer
reliability, which also could influence the measurements.
All HU measurements, i.e., the selection of ROI in the
different areas of C2 were performed by one single per-
son. However, in a study from 2022 also from our institu-
tion, the inter-observer reliability in direct measurement
of HU of the same vertebra by four different investigators
was very high [39].

Conclusion

In summary, bone density values of the 2nd vertebra
of 198 patients were determined by HU in this study.
Bone density values were calculated using the formula
of Buenger et. al (QCT value in mg/cm®=0.71 x HU of
contrast-enhanced CT + 13.82) [1].

When bone density of the second cervical vertebra was
examined, the transitional area from dens to corpus ver-
tebra showed statistically significant lower bone density
values compared to the adjacent regions (p<0.001). The
results are consistent with previous anatomical studies of
the C2 vertebra and explain the frequency of dens frac-
tures in this transitional region.

Bone density values generally decreased with age in
all C2 regions. There was a clear decrease in values from
age over 50 years, in both males and females (p <0.001).
The decrease in bone density in females can be explained
by postmenopausal changes. A similar decrease in bone
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density in females was already described in the lumbar
spine [33]. To our knowledge, a clear decrease in bone
density of C2 vertebra in males over 50 years of age has
not yet been described in the literature. Further studies
examining these parameters in a different patient popula-
tion are certainly needed to confirm this.

These data of bone density of C2 vertebra, among oth-
ers, may be helpful to comprehensively evaluate the sta-
tus of the spine and to design a better preoperative plan
before instrumentation. The bone density of different
vertebral bodies can be equally important to the medi-
cal device industry, which must develop instrumentation
such as screws and disk replacements. These medical
devices must be specifically adapted for the local anatom-
ical conditions of different spinal regions and their bone
density.

Author contributions

GS and FS wrote the main manuscript text. GS prepared the figures and tables.
NE and CS revised the manuscript. All authors reviewed the manuscript. All
authors read and approved the final manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL.

Availability of data and materials

The data that support the findings of this study are available on request from
corresponding author, George Simion. The data are not publicly available
because of their containing information that could compromise the privacy
of the patients.

Declarations

Ethics approval and consent to participate
The local ethic committee approved the study (Reg.-Nr.: 2020-2030-Daten).

Competing interests
George Simion, Niklas Eckardt, Christian Senft and Falko Schwarz declare that
they have no competing interests.

Received: 2 November 2022 Accepted: 23 January 2023
Published online: 10 February 2023

References

1. Buenger F, SakrY, Eckardt N, Senft C, Schwarz F. Correlation of quantita-
tive computed tomography derived bone density values with Hounsfield
units of a contrast medium computed tomography in 98 thoraco-lumbar
vertebral bodies. Arch Orthop Trauma Surg. 2021. https://doi.org/10.
1007/500402-021-04184-5.

2. Pickhardt PJ, Pooler BD, Lauder T, del Rio AM, Bruce RJ, Binkley N.
Opportunistic screening for osteoporosis using abdominal computed
tomography scans obtained for other indications. Ann Intern Med.
2013;158(8):588-95.

3. Buenger F, Eckardt N, SakrY, Senft C, Schwarz F. Correlation of bone
density values of quantitative computed tomography and hounsfield
units measured in native computed tomography in 902 vertebral bodies.
World Neurosurg. 2021;151:599-606.

4. LinkTM, Lang TF. Axial QCT: clinical applications and new developments.
J Clin Densitom. 2014;17(4):438-48.

20.

AR

22.

23.

24,

25.

Page 7 of 8

Kim KJ, Kim DH, Lee JI, Choi BK, Han IH, Nam KH. Hounsfield units on lum-
bar computed tomography for predicting regional bone mineral density.
Open Med (Wars). 2019;14:545-51.

Aydin Ozturk P, Arac E, Ozturk U, Arac S. Estimation of bone mineral
density with hounsfield unit measurement. Br J Neurosurg. 2021,25:1-4.
Zaidi Q Danisa OA, Cheng W. Measurement techniques and utility of
hounsfield unit values for assessment of bone quality prior to spinal
instrumentation: a review of current literature. Spine (Phila Pa 1976).
2019;44(4):£239-44.

Liu J, Curtis EM, Cooper C, Harvey NC. State of the art in osteoporosis risk
assessment and treatment. J Endocrinol Investig. 2019;42(10):1149-64.
Lane NE. Epidemiology, etiology, and diagnosis of osteoporosis. Am J
Obstet Gynecol. 2006;194(2 Suppl):S3-11.

. Johnell O, Kanis JA. An estimate of the worldwide prevalence and

disability associated with osteoporotic fractures. Osteoporos Int.
2006;17(12):1726-33.

. Odén A, McCloskey EV, Kanis JA, Harvey NC, Johansson H. Burden of high

fracture probability worldwide: secular increases 2010-2040. Osteoporos
Int. 2015;26(9):2243-8.

. Klotzbuecher CM, Ross PD, Landsman PB, Abbott TA, Berger M.

Patients with prior fractures have an increased risk of future fractures:
a summary of the literature and statistical synthesis. J Bone Miner Res.
2000;15(4):721-39.

. Murray CJL, Vos T, Lozano R, Naghavi M, Flaxman AD, Michaud C, et al.

Disability-adjusted life years (DALYs) for 291 diseases and injuries in
21 regions, 1990-2010: a systematic analysis for the Global Burden of
Disease Study 2010. Lancet. 2012;380(9859):2197-223.

. Barkaoui A, Ben Kahla R, Merzouki T, Hambli R. Age and gender effects on

bone mass density variation: finite elements simulation. Biomech Model
Mechanobiol. 2017;16(2):521-35.

. Reddy MS, Morgan SL. Decreased bone mineral density and periodontal

management. Periodontol 2000. 2013;61(1):195-218.

. YuW, Qin M, Xu L, van Kuijk C, Meng X, Xing X, et al. Normal changes

in spinal bone mineral density in a Chinese population: assessment by
quantitative computed tomography and dual-energy X-ray absorptiom-
etry. Osteoporos Int. 1999,9(2):179-87.

. Damilakis J, Maris TG, Karantanas AH. An update on the assess-

ment of osteoporosis using radiologic techniques. Eur Radiol.
2007;17(6):1591-602.

. Engelke K, Chaudry O, Bartenschlager S. Opportunistic screening tech-

niques for analysis of CT scans. Curr Osteoporos Rep. 2022. https://doi.
0rg/10.1007/511914-022-00764-5.

. Michalski AS, Besler BA, Michalak GJ, Boyd SK. CT-based internal density

calibration for opportunistic skeletal assessment using abdominal CT
scans. Med Eng Phys. 2020;78:55-63.

Boutin RD, Hernandez AM, Lenchik L, Seibert JA, Gress DA, Boone JM. CT
phantom evaluation of 67,392 American College of Radiology accredita-
tion examinations: implications for opportunistic screening of osteoporo-
sis using CT. AJR Am J Roentgenol. 2021,216(2):447-52.

Hendrickson NR, Pickhardt PJ, Del Rio AM, Rosas HG, Anderson PA.

Bone mineral density T-scores derived from CT attenuation numbers
(Hounsfield units): clinical utility and correlation with dual-energy X-ray
absorptiometry. lowa Orthop J. 2018;38:25-31.

Bauer JS, Henning TD, Mueller D, Lu Y, Majumdar S, Link TM. Volumetric
quantitative CT of the spine and hip derived from contrast-enhanced
MDCT: conversion factors. Am J Roentgenol. 2007;188(5):1294-301.
https://doi.org/10.2214/AJR.06.1006.

Mao SS, Li D, Syed YS, Gao Y, Luo Y, Flores F, et al. Thoracic quantitative
computed tomography (QCT) can sensitively monitor bone mineral
metabolism: comparison of thoracic QCT vs lumbar QCT and dual-
energy X-ray absorptiometry in detection of age-relative change in bone
mineral density. Acad Radiol. 2017;24(12):1582-7.

Touban BM, Sayegh MJ, Galina J, Pavlesen S, Radwan T, Anders M. Com-
puted tomography measured psoas cross sectional area is associated
with bone mineral density measured by dual energy X-ray absorptiom-
etry. J Clin Densitom. 2022,25(4):592-8.

Zhang Y, Zhou Z, Wu C, Zhao D, Wang C, Cheng X, et al. Population-strat-
ified analysis of bone mineral density distribution in cervical and lumbar
vertebrae of Chinese from quantitative computed tomography. Korean J
Radiol. 2016;17(5):581-9.


https://doi.org/10.1007/s00402-021-04184-5
https://doi.org/10.1007/s00402-021-04184-5
https://doi.org/10.1007/s11914-022-00764-5
https://doi.org/10.1007/s11914-022-00764-5
https://doi.org/10.2214/AJR.06.1006

Simion et al. Journal of Orthopaedic Surgery and Research

26.

27.

28.

29.

30.

31.

32.

33

34

35.

36.
37.

38.

39.

(2023) 18:93

Ryan MD, Taylor TK. Odontoid fractures in the elderly. J Spinal Disord.
1993,6(5):397-401.

Robinson AL, Méller A, Robinson'Y, Olerud C. C2 fracture subtypes, inci-
dence, and treatment allocation change with age: a retrospective cohort
study of 233 consecutive cases. BioMed Res Int. 2017,2017:8321680.
Kandziora F, Schnake K, Hoffmann R. Injuries to the upper cervical spine.
Part 2: osseous injuries. Unfallchirurg. 2010;113(12):1023-39 (quiz 1040).
Pompe E, Willemink MJ, Dijkhuis GR, Verhaar HJJ, Mohamed Hoesein
FAA, de Jong PA. Intravenous contrast injection significantly affects bone
mineral density measured on CT. Eur Radiol. 2015;25(2):283-9.
Heggeness MH, Doherty BJ. The trabecular anatomy of the axis. Spine
(Phila Pa 1976). 1993;18(14):1945-9.

Kandziora F, Schulze-Stahl N, Khodadadyan-Klostermann C, Schroder R,
Mittlmeier T. Screw placement in transoral atlantoaxial plate systems: an
anatomical study. J Neurosurg. 2001;95(1 Suppl):80-7.

Lodin J, Hej¢l A, Bolcha M, Sames M, Vachata P. Utility of Hounsfield units
in predicting fusion rates of patients undergoing anterior odontoid screw
fixation following Anderson d’Alonzo type Il and shallow type lll fractures.
JNeurosurg Sci. 2021. https://doi.org/10.23736/50390-5616.20.05190-5.
Lehmann R, Wapniarz M, Randerath O, Kvasnicka HM, John W, Reincke
M, et al. Dual-energy X-ray absorptiometry at the lumbar spine in
German men and women: a cross-sectional study. Calcif Tissue Int.
1995;56(5):350-4.

Cvijetic¢ S, Korsi¢ M. Apparent bone mineral density estimated from DXA
in healthy men and women. Osteoporos Int. 2004;15(4):295-300.
Yoganandan N, Pintar FA, Stemper BD, Baisden JL, Aktay R, Shender

BS, et al. Bone mineral density of human female cervical and lumbar
spines from quantitative computed tomography. Spine (Phila Pa 1976).
2006;31(1):73-6.

Bassil N. Late-onset hypogonadism. Med Clin N Am. 2011;95(3):507-23.
Nelson ME, Fiatarone MA, Morganti CM, Trice |, Greenberg RA, Evans

WJ. Effects of high-intensity strength training on multiple risk fac-

tors for osteoporotic fractures. A randomized controlled trial. JAMA.
1994,272(24):1909-14.

Evans WJ. Effects of exercise on body composition and functional capac-
ity of the elderly. J Gerontol A Biol Sci Med Sci. 1995;50(Spec No):147-50.
Ullrich BW, Schwarz F, McLean AL, Mendel T, Kaden |, Hein E, et al. Inter-
rater reliability of hounsfield units as a measure of bone density: applica-
tions in the treatment of thoracolumbar fractures. World Neurosurg.
2022;158:e711-6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.23736/S0390-5616.20.05190-5

	Bone density of the axis (C2) measured using Hounsfield units of computed tomography
	Abstract 
	Introduction 
	Material and methods 
	Results 
	Conclusions 

	Introduction
	Material and methods
	Measurement of the hounsfield units
	Statistics

	Results
	Discussion
	Conclusion
	References


