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Abstract. — BACKGROUND: Today, there is a
small number of studies on the effects of Enoxa-
parin and Fondaparinux used commonly in the
prevention of venous thromboembolism on heal-
ing of fracture cases.

AIM: The aim of this study was to investigate
clinically, radiologically and histopathologically,
the effects of Enoxaparin, Fondaparinux and Ri-
varoxaban used in thromboembolism prophylaxis
on fracture healing in a rat model of femur fracture.

MATERIALS AND METHODS: Thirty-two male
Sprague Dawley rats were randomized into four
groups (n=8): the control group (Group 1), the
Enoxaparin group (Group 2), the Fondaparinux
group (Group 3), and Rivaroxaban group (Group
4). Under general anesthesia, a standard closed
fracture was created in the left femur of each rat
using an osteotome. Group 1 was given saline
solution (1 cc/day, sc), Group 2 Enoxaparin (100
anti Xa IU/kg/day, sc), Group 3 Fondaparinux
(0.2 mg/kg/day, sc), and Group 4 Rivaroxaban (3
mg/kg/day, po) for 21 days. After all rats were
sacrificed at the end of day 21, their left femurs
were disarticulated at the level of the hip and
knee. The bony union was radiologically, clini-
cally, and histopathologically evaluated.

RESULTS: No differences were found between
the groups in terms of clinical, radiological, and
histopathological findings in fracture healing (p
= 0.849, p = 0.731, and p = 0.395, respectively).

CONCLUSIONS: Enoxaparin, Fondaparinux
and Rivaroxaban used in thromboembolism pro-
phylaxis cause no significant changes in frac-
ture healing with short term follow up. Thus,
they can be safely used in cases of fractures.
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Introduction

Venous thromboembolism (VTE) is an impor-
tant complication that can occur due to injuries

of the musculoskeletal system and which can be
a cause of mortality unless the necessary precau-
tions are taken. Fracture cases that are common
in orthopedic practice, particularly those operat-
ed on for fractures of the lower extremity, carry
risk for the development of VTE. In patients un-
dergoing hip fracture surgery who received no
prophylaxis, the prevalence of total deep vein
thrombosis has been reported to be 50-60%, that
of fetal pulmonary embolism to be 4-12%, and
that of total deep vein thrombosis in fractures of
the lower extremity distal to the hip to be 28%!'2.

Today, there is a small number of studies on
the effects of Enoxaparin and Fondaparinux used
commonly in the prevention of VTE on healing
of fracture cases. Our literature review revealed
no reports on Rivaroxaban, a novel oral agent.

In the present study, we investigated clinical-
ly, radiologically and histopathologically the ef-
fects of prophylactic doses of Enoxaparin, Fon-
daparinux, and Rivaroxaban on fracture healing.

Materials and Methods

A total of 32 male Sprague Dawley rats
(weight: 230-262 g) were used. All procedures
were carried out in Dicle University, Sabahattin
Payzin Research Laboratory after the approval of
the, Animal Experiments Local Ethics Commit-
tee, Dicle Universty, was obtained.

The rats used were randomized into four groups
(n=8): the control group (Group 1), Enoxaparin
group (Group 2), Fondaparinux group (Group 3),
and Rivaroxaban group (Group 4). The rats were
followed for 48 hours in the laboratory setting and
were kept under the 12 hour light/12 hour dark cy-
cle at 22°C. The rats were fed tap water and stan-
dard rodent feed ad libitum.
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All rats were operated on by the same surgeon
on the same day. Prior to surgery, the rats were
anaesthesized with a combination of 50 mg/kg of
Ketamine (Ketalar®, Pfizer, Istanbul, Turkey)
and 10 mg/kg of Xylazine (Rompun®, Bayer, Is-
tanbul, Turkey). The surgical procedure followed
the technique developed by Bonnarens and Ein-
horn®. Accordingly, the left knee of each rat was
shaved and prepared with povidone iodine (Batti-
con, ADEKA, Istanbul, Turkey). A 2 cm longitu-
dinal incision was made on the anteromedial sur-
face, and the joint capsule was opened medial to
the patella. The patella was moved laterally, the
knee was flexed, and the femur condyles were
exposed. 1 mm of Kirschner wire (Hipokrat®,
Izmir, Turkey) was retrogradely inserted between
the femur condyles into the intramedullary chan-
nel using an electric drill (Figure 1). The knee
was brought to extension and the patella was re-
duced. The capsule was then sutured with 3/0
viceryl (Atramat®, Mexico City, Mexico). The
skin was closed with 2/0 silk sutures (Sterisilk®,
SSM Steril Saglik Malzemeleri A.S., Istanbul,
Turkey). Subsequently, the wound site was
swabbed with povidone iodine. A standard
closed femur fracture was created using an os-
teotome. The fracture was confirmed with the
clinical examination and radiological evaluation
(Figure 2). No antibiotic prophylaxis was admin-
istered during or after operation.

Group 1 was given 1 cc saline solution (L.E.
Ulugay, Istanbul, Turkey) sc once daily, starting
immediately after the operation. Group 2 was
given 100 anti-Xa IU/kg of Enoxaparin (Clexan,
Sanofi- Aventis, Istanbul, Turkey) sc once daily,
starting 12 hours after the operation*. Group 3
was given 0.2 mg/kg of Fondaparinux (Arixtra,

GlaxoSmithKline’s, Istanbul, Turkey) sc once
daily, starting 6 hours after the operation’®.
Group 4 was given 3 mg/kg of Rivaroxaban
(Xarelto, Bayer, Istanbul, Turkey) once a day
orally, starting 6 hours after the operation’. Drug
administration was continued for 21 days. All
rats were sacrificed by cervical dislocation at the
end of day 21.

After the rats were sacrificed, their left femurs
were disarticulated at the level of the hip and
knee. All soft tissues on the femur surface were
carefully excluded without damaging the callus
tissue. All left femurs were clinically, radiologi-
cally, and histopathologically evaluated.

The clinical findings were evaluated using
the scoring system developed by Akman et al®.
According to the scoring system, in which
pathological mobility is evaluated subjectively
by two independent orthopedists: no mobility
in two planes (antero-posterior/lateral) in the
fracture line presents complete fusion (scores
2), mobility in one plane presents moderate fu-
sion (score 1), mobility in both planes presents
no fusion (score 0).

The radiological findings were evaluated by
two independent orthopedists using the scoring
system developed by Lane et al (0 = no heal-
ing, 1 = callus formation, 2 = onset of bony
union, 3 = starting disappearing fracture line, 4 =
complete bony union)’. For this purpose, antero-
posterior (AP) and lateral radiographs of the left
femur of each rat were obtained. After the find-
ings of AP and lateral radiographs were separate-
ly scored, the total score was divided in two and
the score was calculated for each rat.

For histopathological evaluation, all femurs
were fixed in 10% formalin solution for 3 days.

Figure 1. Exposure of rat femur condyles and retrograde placement of the Kirschner wire. A, Exposure of femoral condyles.
B, Retrograde placement of the Kirschner wire into the intramedullary channel.
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Figure 2. Radiological image of rat femur fracture.

Then, the bones were decalcified in 10% nitric
acid. Three sections were taken from the fracture
line of each femur. Subsequently, 4 micron-sec-
tions were prepared from parafin- embedded tis-
sues. The sections were stained with hematoxylin
eosin and were evaluated by a pathologist ac-
cording to the histological healing scale pub-
lished by Huo et al (Table I)!°.

Table I. Scoring system for the histological evaluation of
fracture healing.

Score Histological findings
1 Fibrous tissue
Predominantly fibrous tissue with little
cartilage tissue
3 Equal amounts of fibrous and cartilage tissue
4 Only cartilage tissue
5 Predominantly cartilage tissue with little
immature (woven) bone
6 Equal amounts of cartilage and immature
bone tissue
7 Predominantly immature bone with little
cartilage tissue
8 Healing with immature (woven) bone
9 Immature bone with little mature bone
10 Healing with mature (lamellar) bone

Statistical Analysis

All data were recorded and analyzed using
SPSS v 15.0 (SPSS Inc., Chicago, IL, USA). The
Kruskal Wallis test was used for comparison be-
tween the groups. A p value of less than 0.05 was
considered statistically significant.

Results

Clinical Findings

According to the clinical findings, the control
group had a mean score of 1.87; the Enoxaparin
group had a mean score of 1.62; the Fondaparin-
ux group had a mean score of 1.75; and the Ri-
varoxaban group had a mean score of 1.62. No
statistically significant differences were noted in
fracture healing between the groups in terms of
clinical findings (p = 0.849).

Radiological Findings

Radiologically, findings of union were found
in all groups (Figure 3). According to the radio-
logical findings, the control group had a mean
score of 2.87; the Enoxaparin group had a mean
score of 2.75; the Fondaparinux group had a
mean score of 2.75; and the Rivaroxaban group
had a mean score of 2.62. In terms of radiologi-
cal findings, no statistically significant difference
was found between the groups in fracture healing
(p=0.731).

Histopathological Findings

Histopathologically, findings of union were
found in all groups (Figure 4). According to the
histopathological findings; the control group had
a mean score of 7.5; the Enoxaparin group had a
mean score of 6.75; the Fondaparinux group had
a mean score of 7.37; and the Rivaroxaban group
had a mean score of 6.87. In terms of histopatho-
logical findings, there was no statistically signifi-
cant difference between the groups in fracture
healing (p = 0.395).

Discussion

Fracture healing is a dynamic process that is
composed of stages of inflammation, repair, and
remodeling and governed by cellular and bio-
chemical agents. A number of factors have been
reported to have an effect on this process''!2.

Despite the studies on the pharmacokinetic
and pharmacodynamic effects of the drugs used
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Figure 3. A, B, AP and lateral X-ray images of femoral fracture samples of the control and experimental groups at the end of
the experiment. (Samples of the A, Control group. B, Enoxaparin group. C, Fondaparinux group. D, Rivaroxaban group).

Figure 4. Histopathological images of femoral fracture samples from the rats in the control and experimental groups at the
end of the experiment. A, An image of stage 9 callus tissue in the fracture line in a rat from the control group, H&E, x 100. B,
An image of stage 6 callus tissue in the fracture line in a rat from the Enoxaparin group, H&E, x 100. C, An image of stage 9
callus tissue in the fracture line in a rat from the Fondaparinux group, H&E, x 100. D, An image of stage 7 callus tissue in the
fracture line in a rat from the Rivaroxaban group, H&E, x 100).
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for VTE prophylaxis, their effects on fracture
healing remain to be elucidated.

Low-dose standard heparin, one of the first
agents used for thromboembolism prophylaxis, en-
hances the binding of anti-thrombin to thrombin
and acts through the inhibition of factor Xa. Sever-
al studies have reported that standard heparin caus-
es osteoporosis by decreasing the rate of bone for-
mation and increasing the rate of bone resorption.
The use of heparin has been limited because of its
adverse effects, such as thrombocytopenia, and the
need for monitoring of coagulation parameters, be-
sides its leading to osteoporosis'*°.

Low molecular weight heparins (LMWHs) can
not bind to thrombin efficiently and exert their
main effect through the inhibition of factor Xa.
LMWHs are associated with a lower risk of
thrombocytopenia compared to standard heparin
and do not require monitoring of coagulation pa-
rameters. Most studies on LMWHs have reported
adverse effects on the bone cycle; however, there
are other studies suggesting the opposite!*?2.

Casele and Laifer? evaluated changes in bone
density in 16 women receiving Enoxaparin sodi-
um during pregnancy with measurements taken
within 2 weeks of starting therapy, at 6-8 weeks
postpartum, and 6 months postpartum. In patients
who received Enoxaparin sodium for a mean du-
ration of 25 weeks, no significant change was
noted in mean bone density from baseline mea-
surements to measurements at 6 weeks postpar-
tum. The measurements at 6 months postpartum
revealed a significant decrease in bone density
and 14% of the patients experienced a bone loss
of more than 10%.

In a cell culture study, Kock and Handschin?*
investigated the effects of four different LMWHs
(nadroparin, Enoxaparin, dalteparin, certoparin)
on osteoblast growth, finding that LMWHs in
four different groups inhibited osteoblast growth.
They concluded that the risk of osteoporosis
could not be excluded in patients receiving long-
term therapy.

Hurley et al® analyzed the effects of LMWHs on
collagen synthesis in 21-day fetal rat calvariae and
suggested that different LMWHSs were as inhibitory
as standard heparin on collagen synthesis. Thus,
they concluded that LMWHs offered no further
protection against heparin-induced osteoporosis.

In a study evaluating the effect of dalteparin on
fracture healing by Hak et al*, a stabilized femur
fracture was created in rats and radiological, histo-
logical, and mechanical properties of the rats treat-
ed for two weeks were compared at weeks 2, 3,

and 6. No statistically significant difference was
noted in the dalteparin group when compared to
the control group in terms of fracture healing. In
this investigation, no significant delay was found
in fracture healing in Enoxaparin-treated rats com-
pared to the control group. We have attributed this
finding to the short duration of the experiment and
the prophylactic doses used. Considering the re-
port by Casele and Laifer* and Kock and Hand-
schin?, and in the light of the current literature,
we consider that long-term use of LMWHs at
therapeutic doses leads to osteoporosis.

Fondaparinux is a synthetic and selective in-
hibitor of Factor Xa. Fondaparinux does not in-
activate thrombin and has no effect on platelet
function, and does not require monitoring of co-
agulation parameters”’. Despite the limited num-
ber of studies on Fondaparinux, no adverse ef-
fects on the bone cycle have been reported?.

In a study by Matziolis et al®, the effects of
dalteparin, Enoxaparin, standard heparin and
Fondaparinux on human osteoblasts were exam-
ined. As a result, it was found that mitochondrial
activity and protein synthesis of osteoblasts treat-
ed with Fondaparinux were significantly higher
than in the other groups. Similar effects were
demonstrated for the matrix collagen type 2 con-
tent and calcification. Within the concentration
range investigated (0.01-100 microg/ml), Fonda-
parinux was found to have no inhibitory effects
on human osteoblasts and it was suggested that
Fondaparinux could be used to prevent heparin-
induced negative effects on fracture healing and
implant integration.

A study by Handschin et al*® investigated the
effects of Fondaparinux and dalteparin, a
LMWH, on human osteoblasts in vitro. It was
found that incubation with dalteparin led to a
dose-dependent inhibition of osteoblast prolifera-
tion, protein synthesis and phenotype markers
such as osteocalcin and alkaline phosphatase
genes. No inhibitory effect was observed in the
cells treated with Fondaparinux.

Hawkins and Evans?! reported that Fonda-
parinux was safer and more effective compared
to LMWHs and standard heparin in pregnant
women who received long term antithrombotic
therapy and that osteoporosis could be decreased
with the use of Fondaparinux instead of heparin
during pregnancy. In this study, there was no sig-
nificant delay in fracture healing in Fondaparin-
ux-treated rats compared to the control or other
experimental groups. These findings are consis-
tent with the studies in the literature, indicating
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that Fondaparinux has no negative effects on
fracture healing. However, in this research, the
absence of a significant difference between Fon-
daparinux and Enoxaparin in fracture healing is
not consistent with the literature; this might have
been caused by negative effects of LMWHSs on
the bone metabolism in a dose- dependent man-
ner, as reported in the study by Handschin et al*.

Rivaroxaban, a novel oral agent, is a direct in-
hibitor of factor Xa. Rivaroxaban can be admin-
istered orally at a stable dose and does not re-
quire monitoring of coagulation parameters®>*.
There are studies reporting that Rivaroxaban is
superior to Enoxaparin in the prevention of VTE
in patients undergoing total hip and knee arthro-
plasty, though there are other studies indicating
similar effects for both**3*. There are no reports
in the literature addressing the effects of Ri-
varoxaban on fracture healing.

In this investigation, no significant delay was
found in fracture healing in Rivaroxaban-treated
rats compared to the control and other experi-
mental groups. We consider that Rivaroxaban
can be used as an alternative to other anti-throm-
boembolic agents due to its ability to be used
orally and no requirement for monitoring, thus,
considerably facilitating patient compliance.

Conclusions

Antithromboembolic agents, Enoxaparin, Fon-
daparinux, and Rivaroxaban, when used at pro-
phylactic doses, cause no significant changes in
fracture healing with short-term follow up in
terms of clinical, radiological, and histopathologi-
cal aspects. Thus, they can be safely used in frac-
ture cases which require thromboembolism pro-
phylaxis. Further researches with short and long-
term follow up with different doses investigating
many parameters that together affect the bone cy-
cle could provide more precise information about
the effects of these agents on fracture healing.
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