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Abstract Although osteoporosis has been the subject of a
considerable number of publications in recent years, very few
studies have investigated the effects of osteopososis on the
process of tissue repair. Most of the studies are based on
animal data, using the ovariectomized rat model, and in most
cases, fractures were obtained by femoral osteotomy. This
model is imperfect in several aspects to fit with postmeno-
pausal osteoporosis which is a complex, multifactorial
disorder. Furthermore, a surgically induced fracture is not
exactly the same as a fracture which occurs as a result of bone
fragility. However, and despite contradictory results in some
of the studies, in ovariectomized rats a delay in bone
consolidation has been reported in the model, associated
locally with a decrease in bone mineral density and
mechanical resistance. Very few human data are available,
which confirm the existence of a delay in consolidation
subsequent to femoral fractures in aged patients compared to
young patients.
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Introduction

Although osteoporosis is a disease which, by definition, is
characterized by an increase in bone fragility, it is generally
admitted that there are no delays in the consolidation process
in the course of the osteoporotic fractures. However, very few

data are available, particularly in human beings. Most of the
studies are based on animal models, with the well-known
limitations of such models. The majority of the studies have
been conducted in the ovariectomized rat model, which differs
in many respects from what occurs in postmenopausal
women. Finally, the data are sometimes contradictory.

Even less data are available in corticosteroid-induced
osteoporosis, all of them being based on animal data.

An overview of the various elements involved in the
process of post-fracture bone healing is presented in Fig. 1.
These steps may be altered to various degrees during
osteoporosis.

Postmenopausal osteoporosis

Animal data

Most of the work have been conducted in the ovariecto-
mized rat model, and in the vast majority of cases, the
fracture model employed was an osteotomy of the medial
part of the femur [1–12].

Kubo et al. [1] conducted a study involving 60 female
Wistar rats. The rats, aged 7 months at inclusion, were
randomly assigned to two groups: an “ovariectomy + low-
calcium diet” group and a sham-surgery control group. Six
weeks after the ovariectomy, no significant differences were
observed between the two groups when radiological,
histological, and biomechanical data was compared. On
the other hand, at 12 weeks, in the ovariectomized rats, a
decrease in bone mineral density (BMD) was observed at
the fracture site, as well as osteoporosis-type histological
changes. In another study, Meyer et al. investigated a large
cohort of Sprague–Dawley (SD) rats. Their model was
comparable to that used in Kubo’s study, except that the

B. Cortet (*)
Department of Rheumatology and EA 4490, Université Lille 2,
59045 Lille cedex, France
e-mail: bcortet@chru-lille.fr

Osteoporos Int (2011) 22:2007–2010
DOI 10.1007/s00198-011-1612-3



ovariectomized group did not receive a low-calcium diet.
The rats were also assigned to three groups on the basis of
age of sacrifice. In the youngest rats (8 weeks), no
significant differences were observed between the two
groups when biomechanical properties at the fracture site
were compared. In intermediate-age rats (31 weeks),
6 weeks after the start of the study, biomechanical
parameters were comparable in both groups. On the other
hand, among the rats sacrificed 12 weeks after the start of
the study, a reduction in biomechanical parameters was
observed in the ovariectomized rats. In the group of rats
sacrificed 50 weeks after the start of the study, the authors
observed biomechanical disorders at D + 24 weeks in both
groups, with the disorders being more pronounced in the
ovariectomized group. In a study involving a smaller and
younger group of SD rats (34 rats aged 2 months at
inclusion), Namkung et al. [3] observed a 40% reduction in
fracture callus area in ovariectomized rats, as well as a 23%
reduction in BMD. Moreover, severe disruptions in biome-
chanical parameters were observed, notably a fivefold
decrease in the energy required to break the fracture callus,
a threefold decrease in peak failure load, and a twofold
decrease in stiffness. Again using an ovariectomized-rat
model, Cao et al. assessed a large cohort of 3-month-old SD
rats. The main purpose of that study was to assess the
effects of various anti-osteoporosis treatments (estrogens,
raloxifene, and alendronate) on bone consolidation. The
rats were assigned to either a sham-surgery or an
ovariectomy group. The findings of the study are inconsis-
tent with previous findings since, 6 weeks after ovariecto-

my, the authors observed an increase in the size of the
fracture callus in the sham-surgery group. Furthermore,
biomechanical properties were similar across the two
groups. At 16 weeks, in the ovariectomized group, the
fracture callus was found to be smaller in size than at
6 weeks. However, there were no significant differences in
biomechanical parameters between the sham-surgery and
the ovariectomized groups. Lill et al. [4] conducted a study
involving sheep (n=14), in which quite a good model for
postmenopausal osteoporosis can be produced. The osteot-
omy was performed on the tibia and not the femur, as in the
other studies. In vivo, the authors observed a delay (D +
2 weeks) in the increase in bending stiffness at the fracture
callus in osteoporotic sheep. Similarly, torsional stiffness
was 33% lower on the osteotomy side than on the opposite
side. Ex vivo data suggested a 20% decrease in bending
stiffness in osteoporotic sheep. In the ovariectomized
Wistar rat model, Xu et al. [5] investigated several growth
factors. Like several other authors before them, they
observed a reduction in bone density on the osteotomy
side, but more importantly, 3–4 weeks after the fracture,
they also observed a reduction in TGFβ expression in the
vicinity of the bone trabeculae. Similarly, the soft callus
was found to be smaller in the ovariectomized rats. On the
other hand, no significant difference was observed between
the two groups as far as BMP-2 and FGF expression was
concerned. In a study involving a cohort of 40 young
(3 months old) Wistar rats, Islam et al. [6] investigated the
effects of mandibular osteotomy on the process of bone
consolidation. They also employed an ovariectomized rat

Fig. 1 Factors involved in the
post-fracture bone repair process
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model associated with a low-calcium diet. In their ovariec-
tomy group, the authors observed a prolongation in the
chondral ossification phase, with an increase in the number
of osteoclasts. They also observed—unlike the previous
study—an increase in both BMP-2 and TNFα expression in
the ovariectomy group. Lastly, the number of osteoblasts—
and more generally, the number of cells—expressing TNFα
was higher in ovariectomized rats. Wang et al. assessed
several biomechanical parameters in 84, 4-month-old SD
ovariectomized rats. Osteotomy was performed on the tibia,
not the femur. The authors reported a reduction in BMD
ranging between 12.8% and 18% at 6, 12, and 18 weeks
after the osteotomy. Similarly, at the same post-surgery
intervals, failure load had decreased in the ovariectomy
group by 24.3%, 31.5%, 26.6%, and 28.8%, respectively.
Where callus failure stress was concerned, the figures were
23.9%, 33.6%, 19.1%, and 24.9%, respectively. From a
qualitative point of view, the authors observed a delay in
the chondral ossification process in the ovariectomy group,
as well as a higher number of osteoclasts around the bone
trabeculae, which, moreover, were arranged in irregular
fashion. Qiao et al. [8] carried out a number of qualitative
assessments on the same model. The authors’ results
confirmed earlier findings showing an increase in the
number of osteoclasts at the surface of the bone trabeculae
in the vicinity of the fracture callus. They also found that
the trabeculae were thinner and interrupted in ovariecto-
mized rats. The process worsened over time. Working with
a cohort of 93 SD rats aged 3 months at the start of their
study, and using a femoral osteotomy model, McCann et al.
[10], 8 weeks after ovariectomy, observed a reduction in
BMD, a slowing down in the tissue repair process, and
changes in mechanical parameters, and particularly in
stiffness. Melhus et al. [11] results contradict a number of
previous findings, despite quite a similar experimental
protocol. Their cohort comprised 72 Wistar rats, which
were relatively young (10 weeks old) at inclusion. The
fracture was induced in the tibial shaft, and not the femoral
shaft. Except for femoral stiffness, which was lower on the
fracture side in the ovariectomy group compared to the
control group, the authors found no significant difference
between the two groups when the mechanical properties of
the fracture callus were compared. Lastly, Yingjie et al. [12]
investigated a cohort of 96 ovariectomized SD rats aged
8 months at inclusion. Fractures were induced at the
femoral site. The main interest of the study lies in the
parameters assessed by the authors, which included an
analysis of microarchitectural structure. Twelve weeks after
ovariectomy was performed, the authors found that total
callus, bony callus, and new-formed bone measurements
were about 20% lower than in the control group. From an
architectural point of view, connectivity at the fracture site
was 46% lower in the ovariectomy group than in the control

group. Lastly, and quite logically, changes in biomechanical
parameters were also observed in the ovariectomy group:
failure load, bending stiffness, lower binding stress, and
energy at failure were, respectively, 17%, 15%, 20%, and
28% lower than in the control group.

Human data

In a recent study, Nikolaou et al. [13] reported on 66
patients with femoral fractures treated by intramedullary
nailing. Patients with open fractures, pathological frac-
tures, or multiple trauma were not included in the study.
The following parameters were measured: canal bone ratio
(CBR): the ratio between the endosteal and outer diameter
of the bone. Theoretically, in osteoporosis, this ratio is
greater than 0.49. Singh index was also determined; an
index of less than 4 was considered an indicator of
osteoporosis. Patients were examined at D0, D + 1 week,
D + 4 weeks, D + 8 weeks, D + 12 weeks, D + 16 weeks,
D + 20 weeks, and D + 24 weeks. The patients were
divided into two groups according to their age. Group A
comprised 29 patients aged over 65 years. In this group,
Singh indexes were systematically lower than 4, and CBRs
always less than 0.5. The 37 remaining patients (group B)
were aged 18–40 years. Their Singh indexes were assessed
at 5 or 6. CBRs were always less than 0.48. By definition,
significant differences were observed between the two
groups at inclusion. In addition to a significant difference
in mean age—76.8 years in group A and 25.3 years in
group B—there was also a significant difference in the
male-to-female ratio (83% in group B, 19% in group A; p<
0.0001). On the other hand, there was no significant
difference in Injury Severity Score between the two
groups. As the authors had voluntarily excluded patients
with pseudoarthrosis, bone consolidation was always
observed at 32 weeks in both groups. On the other hand,
a delay in consolidation was observed in 10/29 patients
(34%) in group A, as opposed to 4/37 patients (11%) in
group B (p=0.03). Similarly, mean delay in consolidation
was higher in group A than in group B, i.e., 19.4 weeks±
5.9 versus 16.2 weeks±5.1 (p=0.02). As a retrospective
investigation, this study is marred by several sources of
bias. For instance, no precise assessment was made of the
osteoporotic nature of the fracture in the aged patients.
Additionally, the limits of the Singh index are well known.
Lastly, there were differences in characteristics between the
two groups, both in terms of age or sex ratio. As such, it is
difficult to conclude whether the observed results were due
to the effects of age or osteoporosis. There is no
comparative study of osteoporotic/non osteoporotic or
young/elderly patients in the literature, and one must
recognize that such study would be difficult to implement,
precluding any definite conclusion on that topic.
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Corticosteroid-induced osteoporosis

Of the few studies which have been reported, only one [14] is
summarized thereafter, for methodological reasons. In that
study, 18 New Zealand rabbits were investigated. Fractures
were induced by bilateral ulnar osteotomy. Two months after
osteotomy, a subcutaneous injection of prednisone or a
placebo was administered over a 6-week period, at the end of
which the animals were sacrificed. Bone consolidation had
successfully occurred in three of the 20 rabbits (15%) which
had received the prednisone, as opposed to 13/16 (81%) in
the control group (p<0.001). The mean size of the fracture
callus at 6 weeks, assessed from an image of a lateral view,
was markedly lower in the rabbits which had received
prednisone: 8.9 mm±1.3 versus 14.3 mm±1.8 (p<0.001).
Lastly, a biomechanical study was also conducted, the results
of which were consistent with the other findings: in the
corticosteroid-treatment group, stiffness and energy were
more than 50% and 60% lower respectively than in the
placebo group (p<0.001 and p=0.005, respectively). Despite
the paucity of studies in this domain, given the toxic effect of
corticosteroids on bone, it seems logical that there should be
a delay in fracture consolidation in corticosteroid-induced
osteoporosis.

Conclusion

Despite the paucity of data on the subject, and the
sometimes contradictory nature of the existing data, there
are nevertheless more studies supporting the existence of a
delay in consolidation in osteoporosis in animals than those
that do not. The only human data of any consequence
(despite the methodological limits of this study allows
similar conclusions). In corticosteroid-induced osteoporosis
one study suggests an expected delay in consolidation,
given the toxic effects of corticosteroids on bone.
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