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Summary
Whereas bone mineral density (BMD) is characteristically low in osteoporosis, it has been postulated that
in osteoarthritis BMD is increased. We aimed to check this concept by analyzing bone volumen and struc-
ture in the femoral heads of patients with hip fractures (n=10) and with hip osteoarthritis (n=9).
Unexpectedly, the analysis of microstructural parameters by microCT did not reveal significant differen-
ces between both groups. In addition, we did not find a significant decline in the trabecular bone volu-
me across the age range studied. These results suggest that the evolution of the trabecular bone of the
femoral head is different from the age-related decrease of bone mass in other regions of the skeleton.
Elucidating the mechanism involved could suggest new approaches to treat the bone loss associated with
aging.
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Introduction
Osteoporosis and arthrosis are very common
disorders. Their manifestations include lower
extremity involvement which is particularly signi-
ficant. Thus, hip fractures and hip osteoarthritis
are important because they may limit patients’
quality of life. This often requires replacing the hip
joint, a procedure that bears a significant burden
on health services and takes up much orthopedic
surgery and traumatology resources.

However, the pathogenesis of these processes is
different. Osteoporotic fractures are the result of
decreased bone strength, due to aging and other
factors which cause a loss in structural mass and
competence. Conversely, osteoarthritis reflects an
alteration of all the joint components, and there is a
destruction of articular cartilage, subchondral bone
sclerosis and osteophyte formation, with varying
degrees of inflammation [1-3]. The relationship bet-
ween bone mineral density (BMD)and osteoarthritis
has often been studied, with varied results. Several
studies suggest that osteoporosis and osteoarthritis
are accompanied by changes in bone mass in oppo-
site directions, both locally and systemically [4-7].
These studies indicated that patients with osteoarth-
ritis had a greater BMD than controls at multiple
levels, yet that finding has not been confirmed uni-
versally. In other studies, it has been associated with
osteoarthritis of the knee with an increased risk of
vertebral fractures and non vertebra [8]. Alterations
in gait and propensity to fall may play a role.
Conversely, high BMD may favor arthrosis, perhaps
by increasing the load to which articular cartilage is
subjected in the presence of a denser subchondral
bone [9]. However, this issue is also controversial. In
fact, in some experimental models of osteoporosis,
the development of arthrosis seems to accelerate
[10,11]. To provide new information on this matter,
we analyze the trabecular bone of the femoral head,
comparing hip fracture sufferers with patients who
present hip osteoarthritis.

Material and methods 
Patients
In all, 20 patients were included with severe
coxarthrosis or hip fracture (femoral neck) in which
it was necessary to place a prosthesis. We excluded
those with those diseases that cause osteoporosis or
secondary osteoarthritis (inflammatory diseases,
advanced kidney failure, cancer, paralysis, treatment
with corticosteroids or immunosuppressants,
dysplasia, etc.) and fractures related to high-energy
trauma. Trabecular bone cylinders of the femoral
head were removed using a 6 mm diameter trocar
needle (Figure 1) and the ends (3 mm adjacent to
cortical bone and the fracture or surgical section)
were also removed. The cylinders were obtained
regardless of the state of the articular cartilage, or
anatomical orientation. In one patient, we were
unable to extract a good cylinder, so he was not
included in the analysis. Consequently, the fracture
group consisted of 10 patients (5 men and 5
women), aged 87±5 years. The arthrosis group was
made up of 9 patients (5 men and 4 women) of

66±5 years (Table 1). The bone samples were
collected within a research project aimed at determi-
ning the differential pathogenetic mechanisms in
fractures and osteoarthritis, approved by the
Cantabria Ethics Committee on Clinical Research.
Patients gave informed written consent.

MicroCT Analysis
The cylinders were fixed in buffered 4% formal-
dehyde prior to analysis. The storage period in
formaldehyde was 2-4 weeks for 12 samples, and
18-30 months in the rest (similar in both patient
groups). After rinsing them with water, the study
was conducted in a Microtrac 1172 Skyscan-
Bruker, with 360° rotation, 75 kV voltage, 100 μA
intensity, 16x16 mm field of view, 8-micron pixel
size and an aluminum filter of 0.5 mm. Coronal
sections (2,000x2,000 pixels) of all cylinders, with
a separation between them of 1 pixel was recons-
tructed. NRecon SkyScan program was used for
reconstruction. For calculations of structural para-
meter, the sections with uniform threshold were
dichotomized and SkyScan CTanalyzer program
was used. The global threshold values was defi-
ned taking into account all the analyzed samples.
Each cut in a region of interest (ROI), centered in
the sample, 4 mm in diameter (thus avoiding
analysis of the periphery that may contain irregu-
larities due to the extraction process). For tridi-
mensional analysis, two regions or volumes of
interest (VOI) consisting of two non-overlapping
sets of consecutive sections, of equal size along
the bone cylinder (Figure 1) defined in each sam-
ple. The sample ends and objects smaller than 100
voxels were excluded to avoid artifacts.

Statistical analysis
For each of the cylinders, the average value of the
various parameters in the two regions studied
(VOIs) as well as the variation among them was cal-
culated. To analyze this variation for each parame-
ter, the relative difference, as the resulting absolute
value subtract 1 from the ratio of the value of each
parameter in the two study regions (VOIs) was esti-
mated. The Mann-Whitney test was used to analyze
the differences between the average values of the
two patient groups (fracture and osteoarthritis), as
well as between men and women. The difference in
standard deviations was analyzed by Levene's test.

Results
The average values of the main parameters analy-
zed are shown in table 2. In figure 2 the individual
values of selected parameters are represented. As
can be seen, no significant differences were found
between fracture and osteoarthritis groups, or in
terms of parameters (mean, median) in the central
tendency, or as to the dispersion (variances).

The differences between the two regions
analyzed were also similar in both groups of
patients (Figure 3). In fact, the average variation of
the trabecular bone volume between the two
regions was analyzed as 0.232 in the fractures and
0.236 in osteoarthritis (p=0.9).
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Figure 1. Cylinder sample and cross section. the region of interest identified in a horizontal section and the
projection of the two regions or volumes of interest in the 3D reconstruction

In each of the cylinders, 1,000 sections were
scanned and corresponding to the percentage of
bone surface (B.Ar/T.Ar), equivalent to trabecular
bone volume in three-dimensional analysis dimen-
sional parameter analyzed. The minimum value of
the identified parameter found in all sections
could be a better predictor of the maximum volta-
ge that the bone can support before suffering a
fracture [12,13]. As shown in figure 4, there were
no differences between patient groups.

No significant association between age and bone
volume (Figure 5), or crude analysis even taken into
consideration when sex and group membership
(fracture or osteoarthritis). Within each of the patient
groups, we also found a significant Tb.Sp correla-
tion and other microstructural parameters with age
or sex. However, given the number of subjects
included, this subgroup analysis had limited power.

Discussion 
In this study we observed that the trabecular bone
of the femoral head is similar in patients with hip
fractures and in patients with advanced hip osteo-
arthritis in the volume of bone and different
microstructural parameters. This result may not
support the idea that opposite changes occur in
these processes in bone mass, and specifically in
the trabecular bone volume. We need to take into
account that the subchondral bone was not inclu-

ded in the region to analyze, as it is located just
below the articular surface, in which local changes
occur in the form of sclerosis that are not repre-
sentative of the overall skeletal situation [2,14].

In any case, the relationship between osteopo-
rosis and osteoarthritis is a subject of debate.
Several epidemiological studies have suggested
that bone mass is increased in arthrosis [6,7,9,15],
but others have not confirmed increased BMD
[5,16]. In fact, some experimental studies suggest
that osteoporosis may be a facilitator of the pro-
gression of some forms of arthrosis factor
[10,17,18]. On the other hand, some studies have
found an increased risk of fractures in patients
with arthrosis [8], although it is difficult to determi-
ne the influence of a possible increased suscepti-
bility to falls in individuals with advanced osteo-
arthritis. The reason for these differences is uncle-
ar. In part, it may be because osteoarthritis is not
a homogeneous disorder, but there are epidemio-
logical and pathogenic differences, not only in
terms of the affected joints, but also in the type of
alteration. In particular, there are relevant differen-
ces between "atrophic" and "hypertrophic" defined
phenotypes depending on the absence or presen-
ce of osteophytes respectively. In fact, in a cohort
analysis of Rotterdam, researchers observed that
patients with atrophic type hip arthrosis had a hig-
her risk of osteoporotic fractures [19].



78
ORIGINALS / Rev Osteoporos Metab Miner. 2016;8(2):75-81

Table 1. Patient characteristics

Table 2. Main parameters in three-dimensional structural analysis

Bone Group Age Sex Comorbidity

1 Fracture 88 women Diabetes

2 Fracture 88 women Diabetes, dementia

3 Fracture 83 men

4 Fracture 97 women

5 Osteoarthritis 70 women

6 Osteoarthritis 67 men

7 Osteoarthritis 59 men

8 Osteoarthritis 60 men

9 Fracture 84 women

10 Fracture 89 men

11 Fracture 80 men Diabetes

12 Fracture 88 women

13 Osteoarthritis 73 women Ischemic heart disease

14 Fracture 90 men Diabetes, dementia

15 Fracture 88 men

16 Osteoarthritis 62 men

17 Osteoarthritis 67 men

18 Osteoarthritis 65 women

19 Osteoarthritis 67 women

Parameter Acronym Units Fracture
(mean)

Osteoarthritis
(mean)

Fracture
(SD)

Osteoarthritis
(SD) p

Percentage bone volume BV/TV % 23.0 24.5 6.8 7.9 0.67

Index structural model ISM 2.2 1.6 0.8 0.6 0.11

Trabecular thickness Tb.Th mm 0.18 0.19 0.03 0.03 0.39

Trabecular separation Tb.Sp mm 0.55 0.56 0.18 0.10 0.86

Total volume of pore space Po.V(tot) mm3 26.2 28.5 12.7 9.1 0.65

Total porosity Po(tot) % 77 75 7 8 0.67

Connectivity Conn 2243 3059 3115 5468 0.69

Connectivity density Conn.Dn 1/mm3 120 70 254 108 0.59

Degree of anisotropy DA 1.66 1.66 0.33 0.23 0.95
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Figure 2. Values of some structural parameters in patients with bone fractures (XRF) and osteoarthritis (Art).
The horizontal lines indicate the median
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There are also conflicting results regarding the
local state of bone in patients with hip osteoarth-
ritis and fractures. Thus, in some studies, increa-
sed bone mass (i.e., greater trabecular bone volu-
me) has been identified in patients with coxartro-
sis [20,21], including a study of Montoya et al.
Their design was similar to the present study, but
samples were collected from the area of maximum
load femoral head [22]. In some cases, the results
may be influenced by a marked difference in age
and sex distribution between groups [23], to exclu-
de precisely the hip arthrosis group which had
"osteoporosis" [20], having studied the femoral
neck, instead of head, or for having studied a
region very close to the subchondral plate [20].
Anyway, ours is not the only study which did not
find any differences in trabecular bone between
the two processes. Other authors published simi-
lar findings [24,25].

One limitation of our study is determined by
variations in the orientation of the cylinders. This
could theoretically increase the dispersion of results
and therefore decrease the ability to find differences,
as trabecular heads are not oriented uniformly in
space. However, the absence of anisotropic differen-
ces of both groups suggests that this limitation may
not play an important role. Likewise, the fact that
two regions in each cylinder were analyzed indepen-
dently and having obtained a similar correlation bet-
ween them in both groups of patients, suggests that
possible differences in the microstructure as a func-
tion of depth (after excluding the subchondral
region) were not responsible for significant bias in
the results. Another limitation of the study is that the
cylinders were obtained at random, regardless of the
state of cartilage. This could present a certain confu-
sion, since it seems that the bone found beneath
regions with damaged cartilage has a stronger trabe-
cular structure than those located in areas under
unharmed cartilage [26]. This may be the result of
lower damping mechanical stresses in the areas lac-
king cartilage. The average age of patients in our two
study groups was somewhat different, older in the
fractured group. However, the age disparity highligh-
ted even more the failure to find a lower bone volu-
me in samples of patients with fracture. We excluded

those fractures related to high-energy trauma (traffic
accidents and falls from heights), so the hip fractures
included could be considered due to fragility or oste-
oporosis. On the other hand, patients with osteoarth-
ritis had no history of fragility fractures. We did not
have a densitometry, so we could not completely
exclude some degree of overlap between the
groups.

Perhaps more surprising than the lack of diffe-
rences between hip osteoarthritis and fractures is
the absence of a relationship between the parame-
ters analyzed and age, within the range studied.
This is clearly contrary to the trend of BMD to
decrease with age is generally observed in the
skeleton. However, this result does not represent
an isolated observation. In a study that included
37 individuals aged 40 to 90 years, Perilli et al.
found no relationship between age and various
structural parameters, including the volume of tra-
becular bone [13]. The reason for this peculiar
behavior is unknown. It could be associated with
biomechanical factors such as the persistent appli-
cation of load on the femoral head when standing,
with humoral factors dependent on the bone itself
or other nearby tissues, including muscles, or the
peculiar conditions of vascularization of the
region. In any case, its clarification could improve
our understanding of bone biology and perhaps
open the way to new approaches for treating
bone loss associated with aging.

Competing interests: The authors declare no
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Figure 4. Minimum value of the percentage of bone
surface in a cross-section found in each individual
(two-dimensional analysis)

Figure 5. Association between trabecular bone volu-
me (D analysis) and age
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