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Abstract: The vertebral trabecular bone has a complex three-dimensional microstructure with an inhomogeneous
morphology. Correct identification and assessment of the weakest segments of the cancellous bone may lead to better
prediction of fracture risk. The aim of this study was to compare cancellous bone from 240 vertebrae of the cervical, thoracic
and lumbar spine of ten body donors with osteoporosis in regard to bone volume fraction (BVF), trabecular thickness,
separation, trabecular number and degree of anisotropy, to ascertain why cervical vertebrae rarely fracture, even with severe
osteoporosis. Samples were obtained from all vertebrae with a Jamshidi needle (8 Gauge). The investigations were performed
with a micro-computed tomography (micro-CT) device (SKYSCAN 1172, RJL Micro & Analytic GmbH, Karlsdorf-Neuthard,
Germany). Existing vertebral fractures and the bone mineral density of the lumbar spine were assessed with quantitative CT.
Regarding the micro-CT parameters, statistically significant differences were observed between the various sections of the
spine. We found a higher BVF, trabecular number and trabecular thickness, as well as a lower trabecular separation of the
cervical vertebrae compared to other vertebrae. In addition, the degree of anisotropy in the cervical spine is lower than in the
other spinal column sections. These results are age and sex dependent. Thus, the cervical spine has special structural features,
whose causes must be determined in further investigations.
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Osteoporosis is a common metabolic skeletal disorder
characterized by decreased bone mass and deteriorated bone
structure leading to increased susceptibility to fractures [1].
Fractures due to osteoporosis occur especially in the thoracic vertebrae 7, 8, 12, and the lumbar vertebra 1 [2].
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In only very few cases osteoporotic fractures have been
reported above the fourth thoracic vertebra or in the cervical spine [3, 4] and limited reports are available investigating
cervical bone structure for osteoporosis [5].
The load-bearing capacity of a section of the spinal column depends on the material properties of the vertebral
body and on its geometric dimensions. Since the material
properties of bone tissue are, in the broadest sense, given, the
dimensions of the vertebral bodies can be viewed as the result of an adaptive process to the external and internal loads
(body weight, muscle activity, pre-tensioning of the ligament
structures, and externally applied forces). With increasing
size of the vertebral bodies, their resilience also increases [6].
The position of the lumbar vertebrae alone puts more strain
on them, as the load acting on the vertebral bodies increases
in the caudal direction [7]. The spine, however, is not a rigid
structure and is not statically but dynamically loaded, also
not with individual forces or moments, but rather with dynamic combination loads (flexion, compression, torsion,
shear) in different spatial directions. The segments of human
movement react visco-elastically in a non-linear fashion to
dynamic loads and can be described by the course of a hysteresis [8]. For a small deflection, only comparatively small
forces are necessary; with larger deflections, elastic restoring
forces develop due to the complexity of the present system,
caused by the ligamentous apparatus and the muscles [9, 10].
This suggests that cervical vertebrae adapted micro-architecturally due to the great mobility. In addition, the position of
the momentary axis of rotation in the cervical spine changes
permanently, which in turn determines the response of the
vertebral body to the momentary loads [9].
Osteoporotic fractures are the result of changes in the trabecular structure such as loss or thinning of the trabeculae
as well as changes in the cortical shell.
There are few studies on changes in the cervical, thoracic
or lumbar spine that describe various structural characteristics that could be responsible for the low incidence of cervical
spine fractures in osteoporosis patients [11-13]. In the present
study 240 vertebrae from 10 human cadavers were examined
in regard to their microarchitecture parameters in order to
find explanations for this characteristic.
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Materials and Methods
Design and group allocation

The study was designed as a multicenter radiological and
anatomical investigation of an intervention group. Group
allocation was based on the position of the vertebrae in the
individual portions of the spine.

Recruitment and ethics

All of the body donors included in the study had provided
their written consent during their lifetime and made their
bodies available for anatomical and clinical research after
their demise. All cadavers were obtained from the body
donor program at the Medical Faculty of the University of
Rostock. The methods used to obtain human tissue were humane and decent and met the ethical standards of the Declaration of Helsinki. The study was approved by the regional
ethics committee for medical research (registration number
A2017-0072).

Inclusion and exclusion criteria

The inclusion criterion for the investigation was the presence of 24 free vertebrae in each extracted spine. Exclusion
criteria were bone metastases, tumors, Paget’s disease, fusion
of vertebrae or the formation of block vertebrae and previous
operations with foreign material in the spine. If the sample
could not be harvested in one connected piece, contained
compact bone or was not complete due to a prosthesis, it was
excluded.

Extraction of the spine and cancellous bone

About 10–12 liters of a 96% ethanol solution (Ethanol
96%, MEK denatured, Walter-CMP, Kiel, Germany) at 0.5
bar were perfused into the cadaver through the left femoral
artery and then stored in a 0.5% aqueous phenol solution in
free-floating form in cuvettes, in order to prevent air pockets
in the spinal canal or vessel stumps. Through preparation
we aimed to conserve the swinging of the vertebral column
in order to be able to calculate forces. After exposure of the
superficially migrated spinal muscles (the trapezius muscle,
the rhomboid major and rhomboid minor muscles, the levator scapulae muscle, and the latissimus dorsi muscle) and the
autochthonous spinal muscles, the ribs were separated over
a breadth of about four inches in the paravertebral aspect.
The separation was performed in a way that the ligaments of
the spine stayed fully intact and the short deep local spinal
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Fig. 1. (A) Skin incision along the spinous process from the sacrum to the occiput (superior nuchal line); secondary spinal muscles (including
the trapezius muscle, the latissimus dorsi, major and minor rhomboid, superior and inferior posterior serratus muscles), skin and subcutaneous
fatty tissue were shifted laterally. Left: the subsequent lateral tract of the autochthonous spinal muscles was removed and the ribs were exposed.
(B) The spinal muscles have been largely removed; the intercostal spaces have been emptied in the paravertebral aspect. The pleura has been
separated from the inside of the ribs, the atlanto-occipital joint is exposed and the capsular ligaments have been transected. The cervical spine
has been mobilized in the retropharyngeal space, the scalenemuscles have been transected. (C) Transection of all ribs about 1.5 inches wide in the
paravertebral aspect of the spinous processes, along the scapular line. Separation of the parietal pleura from the inside of the ribs, wedge-shaped
incision in the sacrum. (D) Complete specimen of the spine.

muscles (the long and short rotator muscles, interspinal muscles, and intertransverse muscles) were also fully preserved.
Transection of the posterior atlantooccipital membrane from
the dorsal aspect was followed by disarticulation of the atlantooccipital joint. The prevertebral muscles (musculus longus
capitis, musculus rectus capitis anterior, lateralis, superior,
posterior minor, obliquus capitis superior) between the base
of the skull and the ventral portion of the cervical spine were
transected and the ventral vertebrae were bluntly separated
from the tissue of the throat through the retropharyngeal
space. The parietal pleura was undermined bluntly from the
ventral vertebral bodies. The pairwise branches of the aorta
and venous stems (posterior intercostal arteries and intercostal vein) were separated and the subsequent portion of the
spine to the psoas muscle was exposed. In the region of the
sacrum, approximately at the level of the joint space of the
sacroiliac joint, a saw cut was made on both sides and the entire spine was removed from the dorsal aspect (Fig. 1). Great
effort was made to minimize mechanical manipulation of
the spine in order to preserve the natural curvature (lordosis,
kyphosis and scoliosis) of the respective portions. Therefore,
the specimens were preserved in free-floating form in 70%
ethanol at 4°C in recyclable synthetic tubes until imaging inwww.acbjournal.org

vestigations were performed and cancellous bone was taken
by puncture. The latter was performed from the ventral aspect in the middle of the vertebral body and the correct position was checked on X-ray investigations.

Diagnostic imaging
Computed tomography and quantitative computed
tomography
Pre-existing fractures or significant bone disease (e.g.,
bone metastases) in the entire spine was assessed on highresolution computed tomography (CT) images (GE Revolution EVO/64 rows/128 slice detector/thickness 0.625 mm
slices). In order to analyze the specimens as realistically as
possible on imaging investigations, conventional X-rays of
the spines were performed under standardized conditions
in an airless setup in a water phantom. To simulate the soft
tissue mantle, which is necessary to adjust the CT-results, we
used an economical recyclable system consisting of a commercially available plexiglass phantom with a diameter of
25 cm, a height of 125 cm (tube of hard polyvinylchloride,
Fig. 2A) and a homogeneous solid body. This resulted in a
simulated soft tissue volume in the homogeneous ambient
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Fig. 2. (A) Spine in a water bath, registration of vertebral deformities
on the lateral image. (B) Three-dimensional reconstruction to
visualize the overall anatomy of the spine. (C) Prepared spinal column
with reconstructed cancellous bone cylinders in micro-computed
tomography. CS, cervical spine; LS, lumbar spine; TS, thoracic spine.

medium water to prevent air inclusions within the cancellous bone. The tubes were provided with a lip seal ring at one
end, which could be permanently closed with a solid plug.
The opposite end had a double bell coupling. After filling,
this end was closed with a perforated solid plug that could
be opened again so the entire system could be used several
times. The tube was filled with water, without air, through a
drill hole in the lid and then sealed by waterproof synthetic
material.
The spines were loosely fixed in the longitudinal axis by
suspension devices attached to the inner wall of the tube (Fig.
2A) [14]. On the exterior we marked the positioning of the
spine to predict the alignment in the scan. Spinal deformities
[15] were visualized on a scanogram. Three-dimensional (3D)
reconstruction was performed at an external workstation
to visualize the entire anatomy of the spine (GE AW-Server
Version 2.0. Measurement of spines were outperformed in
GE Centricity RIS-i Version 5.0; GE Healthcare, Frankfurt
am Main, Germany) (Fig. 2B).
Bone mineral density was determined by quantitative
computed tomography (QCT; GE Revolution EVO/64-line
row/128 slices CT, in combination with Mindways Software
3D Volumetric QCT Spine, Austin, TX, USA). As usual, the
bone mineral content of cancellous bone was determined
in a volume block at the level of the first, second, and third
lumbar vertebrae.
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Micro-computed tomography images and evaluation of
microarchitecture
Samples from the ventral medial side were obtained
from 240 vertebral bodies with the aid of a Jamshidi needle
(8 gauge) and prepared for further investigation in a damp
cloth placed in an Eppendorf reaction vessel (1.5 ml). Investigations on the bone cylinders were performed using a microCT device (SKYSCAN 1172, RJL Micro & Analytic Private
Ltd. Co., Karlsdorf Neuthart, Germany). Flat-field correction
and comparisons with phantoms (reference) of 0.25 g/cm3
and 0.75 g/cm3 thickness were conducted. The settings for
the scanning process were established as follows: filter AI 0.5,
resolution 640×512 pixels, pixel size 19.9 µm, nominal isotropic voxel size of 35 mm (field of view 70 mm, X-ray source
100 kV, 100 mA).
In order to exclude the cortical component of the vertebral
body, the trabecular region of interest was defined manually.
The following parameters of trabecular microarchitecture
were measured: bone volume fraction (BVF, measures the
ratio of bone volume to total volume and is therefore a parameter for bone density, as percentage %), trabecular bone
thickness (Tb.Th, describes the thickness of the trabecular,
measured in µm), trabecular separation (Tb.Sp, measured
in µm), degree of anisotropy (DA, 0=isotropic; 1=anisotropic) and the trabecular number (Tb.N). Fig. 2C illustrates the
bone cylinders of the micro-CT.

Statistics

IBM SPSS Statistics for Windows, Version 23.0 (IBM Co.,
Armonk, NY, USA) was used for data analysis. Quantitative characteristics were expressed as means (M), standard
deviation (SD), and numbers (n) of available observations,
using the interval of M±SD. The Kruskal-Wallis test or the
one-way ANOVA was used for group comparisons. This was
selected according to the effect of the Shapiro-Wilk test on
normal distribution. In the event of significant results, we
performed pairwise comparisons or a post-hoc test. We used
the Mann-U-Whitney rank-sum test to compare two groups
for non-normally distributed values. On the other hand, the
independent t-test was used to compare two groups with
normally distributed values. Correlation analyses were also
performed depending on the scale level. All P-values are the
result of two-sided statistical tests. The level of significance
was set to P<0.05.
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Table 1. Description of cases used in this study
Medical history
Age (yr)
Sex (male/female)
Body mass index (kg/m2)
Bone mineral density (mg/cm3)*
Segments excluded
Vertebral body fractures (n)
Total number of vertebrae

Overall group (n=10)
81.3±7.9
4/6
20.8±4.6
54.5±20.0
C1–L5
14
240

Values are presented as mean±SD or number only. 80–110 mg/cm3, low risk of
fracture; 50–80 mg/cm3, moderately increased risk of fracture; <50 mg/cm3,
markedly increased risk of fracture. *Quantitative computed tomography
measurements.

Results
Trabecular bone samples were taken from 10 human
cadavers (6 females, 4 males) with ages ranging from 73 to
102 years (mean 83.3, SD 7.9 years). Height varied from 1.47
to 1.76 m (mean 1.63, SD 0.10 m) with a body weight of 31.1
to 93.7 kg (mean 55.9, SD 16.7 kg). Due to data protection
laws, the available medical data were limited to the immediate cause of death, previous causes, and other major diseases
that had contributed to death; these data were entered in the
donors’ death certificates. The height, body weight, and general constitution of the donors were registered prior to perfusion fixation. Table 1 provides a summary of the donors’
medical history.

Quantitative computed tomography

The mean bone mineral density of the 10 spines, measured at the lumbar vertebrae 1 to 3, was 54.5±20.0 mg/cm3
(range, 24.2–87.5), which indicates apronounced osteoporosis (values below 80 mg/cm3 are considered to be a sign of
osteoporosis, values below 60 mg/cm3 reflect a higher risk
of fractures) [16, 17]. Table 1 summarizes additional data on
the numbers and shapes of vertebral fractures based on the
registered vertebral deformities. The correlation between
number of fracture and bone density was very significant
(r=–0.808, P=0.005).

Micro-computed tomography
Group comparison of the spinal sections
Variation in cancellous bone architecture with spinal level
is presented in Fig. 3. Lumbar vertebrae have a significantly
lower BVF versus the cervical spine (Fig. 3A). A pairwise
comparison of BVF revealed a statistically very significant
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difference (P=0.006) between the cervical and thoracic
spine, and a highly significant difference (P<0.001) between
the cervical and lumbar spine. Comparison of the thoracic
and lumbar spine revealed no significant difference (P>0.05).
Significantly thicker trabeculae are found in the cervical
vertebrae as to in the thoracic and lumbar vertebrae (Fig. 3B).
A pairwise comparison of Tb.Th revealed a very significant
difference between the cervical and thoracic spine (P=0.007)
as well as between the cervical and lumbar spine (P=0.004).
The difference between the thoracic and lumbar spine
was contrarily not significant (P>0.05). Tb.Sp comparison
yielded a highly significant difference (P<0.001) between
the various sections of the spine, which was also evident in
the comparison of the cervical and thoracic spine (P<0.001)
and the cervical and lumbar spine (P<0.001). In contrast, the
difference between the thoracic and lumbar spine was not
significant (P>0.05).
Cervical vertebrae have a significantly lower DA than
thoracic and lumbar vertebrae (P=0.018), but on the other
hand DA did not differ significantly between the thoracic
and lumbar spine (P>0.05). Finally, cervical vertebrae show
significantly more trabecular than thoracic and lumbar vertebrae (Fig. 3E). A pairwise comparison of the values showed
a highly significant difference between the cervical and thoracic spine, and the cervical and lumbar spine (P<0.001), but
no significant difference was noted between the thoracic and
lumbar spine (P>0.05). Table 2 summarize the results. The
BVF correlates with TB.N (r=0.668, P=0.035). A statistical
trend is obtained by comparing the values of TB.N and the
age of the body donors (r=–0.619, P=0.056). The BMD determined in the qCT also corresponds with TB.N measured
in the mCT (r=0.804, P=0.005). The Tb.Sp increases if the
BMD decreases (r=–0.838, P=0.002), although the BVF and
the Tb.Th correlate in the same direction (r=0.877, P=0.001).
Subgroup analysis
In a subgroup analysis sex and age were considered separately. Significantly higher BVF in cervical vertebrae compared to thoracic and lumbar vertebrae can be seen (Table 2,
Fig. 3A).
Cervical vertebrae of women and men as well as those
under 80 years of age exhibit significantly thicker trabeculae
than the lumbar vertebrae (Fig. 3B). In regards to this parameter a significant difference in the cervical and thoracic
vertebrae of persons over 80 years of age was found. In contrast, the comparison of the values between the cervical and

https://doi.org/10.5115/acb.20.269

30

Anat Cell Biol 2021;54:25-34

Total
Male
Female
<80 years
>80 years

40
35
30
25
20
15
10
5

B
Trabecular thickness (m)

Bone volume fraction (%)

A

Guido Schröder, et al

0

Total
Male
Female
<80 years
>80 years

300
250
200
150
100
50

C1
C2
C3
C4
C5
C6
C7
T1
T2
T3
T4
T5
T6
T7
T8
T
T19
T10
T11
2
L1
L2
L3
L4
L5

C1
C2
C3
C4
C5
C6
C7
T1
T2
T3
T4
T5
T6
T7
T8
T
T19
T10
T11
2
L1
L2
L3
L4
L5

0
Vertebral level

E

1.8

Trabecular number (n/mm)

Vertebral level

1.6

Total
Male
Female
<80 years
>80 years

1,800
1,600
1,400
1,200
1,000
800
600
400
200
0

C1
C2
C3
C4
C5
C6
C7
T1
T2
T3
T4
T5
T6
T7
T8
T
T19
T10
T11
2
L1
L2
L3
L4
L5

C1
C2
C3
C4
C5
C6
C7
T1
T2
T3
T4
T5
T6
T7
T8
T
T19
T10
T11
2
L1
L2
L3
L4
L5

0.5
0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05
0

D

Trabecular separation (m)

Total
Male
Female
<80 years
>80 years

C

Degree of anisotropy (n)

Vertebral level

Vertebral level

Total
Male
Female
<80 years
>80 years

1.4
1.2
1.0
0.8
0.6
0.4
0.2

C1
C2
C3
C4
C5
C6
C7
T1
T2
T3
T4
T5
T6
T7
T8
T
T19
T10
T11
2
L1
L2
L3
L4
L5

0
Vertebral level

Fig. 3. (A) Regional variation in vertebral trabecular BVF. Cervical vertebrae exhibit significantly higher BVF in relation to thoracic and lumbar
vertebrae (Kruskal-Wallis-test, P-values in Table 2). The subgroup analysis using the Mann-Whitney U-test showed no significant difference
between women and men or between those over and under 80 years of age (P>0.05). (B) Regional variation in Tb.Th. Cervical vertebrae
exhibit significantly higher Tb.Th in relation to thoracic and lumbar vertebrae. Only in the over-80s is there no significant difference between
the cervical and lumbar vertebrae (Kruskal-Wallis-test, P-values in Table 2). The subgroup analysis using the Mann-Whitney U-test showed
no significant difference between women and men or between those over and under 80 years of age (P>0.05). (C) Regional variation in DA.
Cervical vertebrae exhibit significantly lower DA in relation to thoracic and lumbar vertebrae (ANOVA, post-hoc LSD test, P-values in Table
2). The subgroup analysis using the independent t-test showed a significant difference between women and men (P=0.042) and no significant
difference between those over and under 80 years of age (P>0.05). (D) Regional variation in Tb.Sp. Cervical vertebrae exhibit significantly
lower Tb.Sp in relation to thoracic and lumbar vertebrae (ANOVA, post-hoc LSD test, P-values in Table 2). The subgroup analysis using the
independent t-test showed no significant difference between women and men or between those over and under 80 years of age (P>0.05). (E)
Regional variation in Tb.N. Cervical vertebrae exhibit significantly higher Tb.N in relation to thoracic and lumbar vertebrae (ANOVA, post-hoc
LSD test, P-values in Table 2). The subgroup analysis using the independent t-test showed no significant difference between women and men or
between those over and under 80 years of age (P>0.05). BVF, bone volume fraction; DA, degree of anisotropy; Tb.N, trabecular number; Tb.Sp,
trabecular separation; Tb.Th, trabecular bone thickness.
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Table 2. Descriptive statistics for micro-computed tomography parameters
Architectural
measure
BVF (%)

Tb.Th (µm)

Tb.Sp (µm)

DA (n)

Tb.N (n/mm)

Spinal sections
Group
Total
Male
Female
<80 yr
>80 yr
Total
Male
Female
<80 yr
>80 yr
Total
Male
Female
<80 yr
>80 yr
Total
Male
Female
<80 yr
>80 yr
Total
Male
Female
<80 yr
>80 yr

Total

CS

TS

LS

21.20±5.55
21.31±5.41
21.12±5.92
22.23±6.47
19.65±4.55
198±25
193±28
201±25
203±32
156±33
1,017±190
1,014±237
1,019±187
1,047±284
974±108
0.29±0.03
0.30±0.05
0.28±0.04
0.29±0.03
0.29±0.06
0.85±0.22
0.93±0.27
0.80±0.21
0.86±0.28
0.84±0.15

28.94±2.94
28.74±4.15
29.08±3.06
31.08±3.20
25.74±3.74
228±22
227±23
228±25
242±25
195±31
789±77
719±120
836±66
707±68
913±114
0.27±0.03
0.27±0.06
0.26±0.04
0.28±0.03
0.25±0.05
1.13±0.12
1.27±0.19
1.05±0.12
1.22±0.13
1.00±0.17

18.53±2.08
18.15±1.34
18.79±2.68
19.34±3.00
17.32±1.39
188±12
182±14
193±16
191±18
140±18
1,080±134
1,129±157
1,048±155
1,139±223
993±71
0.30±0.03
0.32±0.03
0.29±0.04
0.30±0.02
0.30±0.06
0.74±0.13
0.76±0.15
0.73±0.14
0.72±0.20
0.78±0.04

16.73±0.94
18.49±1.00
15.56±1.38
16.75±1.18
16.72±0.80
179±7
170±7
184±12
175±11
140±9
1,185±108
1,152±129
1,207±152
1,301±107
1,011±155
0.31±0.02
0.32±0.05
0.30±0.03
0.29±0.03
0.33±0.02
0.72±0.09
0.88±0.13
0.61±0.08
0.70±0.08
0.78±0.14

CS vs. TS
P-value
0.006P
0.001P
0.009P
0.006P
0.004P
0.007P
0.008P
0.010P
0.010P
0.018P
<0.001L
<0.001L
0.003L
0.012P

Group comparison
CS vs. LS
P-value
<0.001P
0.031P
<0.001P
<0.001P
0.005P
0.004P
0.001P
0.010P
0.001P
0.056P
<0.001L
<0.001L
<0.001L
0.001P

TS vs. LS
P-value
0.458P
1.000P
0.327P
0.458P
1.000P
1.000P
0.485P
1.000P
0.535P
1.000P
0.102L
0.767L
0.037L
0.514P

0.018L

0.018L

0.590L

0.038L
<0.001L
<0.001L
<0.001L
<0.001L
0.088P

0.017L
<0.001L
<0.001L
<0.001L
<0.001L
0.016P

0.395L
0.759L
0.173L
0.106L
0.704L
0.776P

Values are presented as mean±SD. CS, cervical spine; TS, thoracic spine; LS, lumbar spine; BVF, bone volume fraction; Tb.Th, trabecular bone thickness; Tb.Sp,
trabecular separation; DA, degree of anisotropy; Tb.N, trabecular number; P, pairwise comparison; L, post-hoc LSD test.

thoracic spine as well as between the thoracic and lumbar
spine showed no significant difference (P>0.05). The Tb.Sp
increases from cervical to caudal in women, men and also
in persons under 80 years of age, whereas in persons over 80
years of age no significant difference between the spinal sections is observed (Table 2). The DA is not significantly different in the spinal sections in women, men and also in persons
under 80 years of age (P>0.05). In people aged over 80 years,
the difference between cervical and thoracic (P<0.038) along
with between cervical and lumbar spine (P<0.017) is significantly different. No significant difference was seen between
the thoracic and lumbar spine (P>0.05). The group of males
has a significantly higher degree of anisotropy compared to
the group of females regarding the trabecular structure.
In addition, cervical vertebrae of women, men and people
under 80 years of age have significantly more trabecular
than the thoracic and lumbar vertebrae (Fig. 3E). In people
over 80 years significant difference (P=0.016) was only found
between the cervical and lumbar spine.
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Discussion
Discussion of results

The present investigation allowed a comparison of trabecular bone from all sections of the human spine, obtained
from 10 body donors aged 73 to 102 years. All of the investigated probands had osteoporosis on bone densitometry.
In case of reduced bone density, vertebral body fractures
were also found. These mainly concern T7, 8 and 12 and L1
[2].
A possible explanation for this fracture distribution along
the spine could be the predominant curvature of the spine
[18, 19]. The turning point of the thoracic kyphosis is found
in the middle area of the thoracic spine (T7, T8). Due to the
increased curvature, higher bending moments and compression forces occur. This theory is also supported by the fact
that an increase in the radius of curvature, equated with
more severe kyphosis, which forms in the course of life and is
of particular importance in osteoporosis, results in increased
bending stress. The increased risk of fractures in the transi-
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tion T12 - L1 can also be explained by increased mobility in
the lumbar vertebral area and the resulting higher compression loads [19]. According to the current state of knowledge,
it is assumed that the overall mobility in flexion/extension
decreases with increasing age [20-22]. This could contribute
to local changes in the micro-architecture. No fractures were
discovered in the cervical spine (CS) in the present examination.
Above T4, especially in the CS, osteoporotic fractures are
only described in individual case reports [3, 4]–with exception of the Dens-axis fracture [23, 24]. No fractures in the CS
were discovered in the present examination.
Conspicuous findings are, compared to thoracic spine (TS)
and lumbar spine (LS), the significantly higher BVF of the
trabecular microarchitecture of CS.
Grote et al. [11] provide evidence that the CS differs from
the other spinal column sections. In their study, they were
able to show that the loss of bone volume with age is the least
in the CS. Furthermore, no significant age-related loss of trabecular structural density was observed in the cervical vertebral body 3/4. The individual vertebral bodies of the CS show
a difference in terms of their microarchitecture compared to
the rest of the spinal column and therefore clearly occupies
a special position of the individual movement segments. In
contrast to Grote et al. [11], no histomorphometric but rather
imaging evidence using micro-CT was obtained in this present examination. Methodologically comparable results are
described in the case report by Schröder et al. [5] and in an
article by Schober et al. [25]. Interesting in this context is
the study by Acquaah et al. [26]. They already observed significantly lower BVF in the lumbar spine compared to the
cervical spine during development at the age of 7 months, 1.2
and 2.5 years. The authors also compared their data on early
bone development with the BVF data from literature. Their
conclusion was that the loss of bone mass that occurs during
the first year of life is never fully compensated. According to
the authors, early development could therefore be important
for the development of bone strength, but more likely due to
structural changes in trabecular microarchitecture rather
than bone mass itself. BVF was lowest in the over-80s group
and significantly higher in all subgroups of the CS than in
other spinal segments, which supports Acquaah et al. [26]
conclusions. The decline in BVF with age for women and
men [27] is similar. Chen et al. [28] assume after completion
of their animal investigation that the BMD and BVF decreased from the cervical to lumbar spine. Cancellous bone
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of vertebra is metabolically more active than cortical bone
and trabecular BMD may act as an initial predictor of spinal
osteoporotic fracture [1]. Low BMD is correlated with increased fracture of the spine. Vertebral BMD decreases from
cervical to lumbar spine, with the lowest BMD at the third
lumbar vertebra [29].
Awareness of the different regional microstructural properties is of crucial importance for the assessment of age- and
gender-related bone loss in vertebrae. This knowledge also
provides better insights into the pathological mechanisms of
spinal osteoporosis and the associated risk of fractures [30].
The risk of fractures is associated with age-related microdamage to trabecular bone–among other effects–which is
partly caused by reduced BVF [31]. And BVF on the other
hand is determined by Tb.N and Tb.Sp. Reduction of Tb.N
in advanced age increases Tb.Sp [27]. Tb.N was significantly
higher in the CS than in other spine sections. In the present
study we found not only more but thicker trabecular bone
in the cervical spine and the trabeculae were significantly
closer to each other. This indicates the greater biomechanical
competence of cervical vertebrae.
In general, the thickness of vertical struts in the trabecular bone of vertebrae is 100 to 200 µm, whereas the Tb.Sp
of vertical trabeculae achieve 600 to 900 µm [32-34]. At this
point our values agree with already published data. In our
investigation DA was significantly lower in the cervical spine
than in other sections of the spine. The more anisotropic
structure is caused by the worsening of trabecular architecture in vertebrae, which in turn means a greater tendency to
fractures [32].
The significant difference between men and women is
interesting in this context. The higher DA of men in the TS
potentially explains their higher fracture risk in this area [2].
The data registered in the present investigation underline
the specific features of the cervical spine. Reasons for these
features must be determined in future investigations, especially regarding the greater bone density of the cervical spine
and its morphological changes.

Discussion of the method

The puncture needle was selected on the basis of the data
reported by Uhl et al. [35], who stated that the 8-G Jamshidi
(Becton Dickinson GmbH, Heidelberg, Germany) needle is
easy to use and also provides samples of good histological
quality. Furthermore, biopsies obtained in animal experiments showed that a large drill specimen is useful for the
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assessment of trabecular bone volume, trabecular thickness,
and the number of trabeculae [36].
The location of sample collection is very important for
the interpretation. Chen et al. [27] and Gong et al. [37] report
that the central and anterosuperior portions of the vertebral
body have less BVF than the posterior portions. Banse et al.
[33] also believe that the region with the least density is primarily located in the upper and anterior half of the vertebral
body. Considering these facts, we obtained our samples from
the center of the vertebral body and from the anterior aspect. It may be assumed that we sampled the structures with
the lowest density in order to solve the question whether all
structures of the vertebral column show rectified changes.
In summary osteoporosis is a major disease in aged
women, increasing the risk for fractures accompanied by
changes in the microarchitecture [38]. Further studies on
non-osteoporotic spine should follow to evaluate changes in
microarchitecture.

Conclusions

• BVF decreases from the cervical spine to the lumbar
spine.
• Trabecular thickness and trabecular separation are different in the individual portions of the spine. The differences are especially pronounced between the cervical
and thoracic spine and the cervical and lumbar spine.
• The degree of anisotropy is lower in the cervical spine
than in the thoracic or lumbar spine.
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