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ABSTRACT

Obijectives: This study aims to compare the histopathological and
biomechanical effects of low molecular weight heparin (LMWH)
and rivaroxaban, which are frequently used in orthopedic surgery
for thromboembolic prophylaxis, on rat Achilles tendon healing.

Materials and methods: In the study, 36 adult, male Sprague
Dawley rats weighing between 300 g and 400 g were used.
Three groups were formed including 12 rats in each. Achilles
tendons of all rats were cut and repaired. Nadroparin calcium was
administered subcutaneously for 21 days at a dose of 170 IU AXa
to the first group (LMWH group). Rivaroxaban was administered
daily at a dose of 3 mg/kg for 21 days as gastric lavage to the
second group (rivaroxaban group). The third group was identified
as the control group and no medication was administered in this
group. At the end of three weeks, tendons extracted from the
groups were examined histopathologically and biomechanically.

Results: Bonar’s and Movin’s scores obtained as a result
of histopathological examination were statistically significantly
higher in the control group (p=0.003 and p=0.004, respectively)
(high scores indicate that tendon healing is not sufficient). When
type I and type III collagen ratios were examined, type I collagen
ratio, which should be found at a higher ratio in mature tendon,
was statistically significantly higher in rivaroxaban and LMWH
groups compared with the control group (p=0.002). As a result of
biomechanical examination, higher mean maximum force values
were obtained from the rivaroxaban group compared with the
LMWH group (p=0.31). Mean maximum force values obtained
from the control group were higher than those obtained from the
LMWH group (p=0.03) and the rivaroxaban group (p=0.18).

Conclusion: Histopathological examination revealed that
both LMWH and rivaroxaban have positive effects on tendon
healing. However, the same positive effects were not detected in
biomechanical examination.

Keywords: Achilles tendon; low molecular weight heparin; rat;
rivaroxaban.
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Amac: Bu calismada ortopedik cerrahide tromboemboli
profilaksisi icin sik kullanilan dusuk molekil agirlikli heparin
(DMAH) ve rivaroksabanin, sican Asil tendonu iyilesmesi
tizerindeki histopatolojik ve biyomekanik etkileri karsilastirildi.

Gere¢c ve yontemler: Calismada yetigkin, agirliklari
300 g-400 g arasinda degisen 36 erkek Sprague Dawley sican
kullanildi. Her grupta 12 si¢an olacak sekilde ti¢ grup olusturuldu.
Tum sicanlarin Asil tendonlari kesilip tamir edildi. Birinci gruba
(DMAH grubu) 21 giin stireyle 170 IU AXa dozunda nadroparin
kalsiyum subkiitan olarak verildi. Ikinci gruba (rivaroksaban
grubu) ise 21 gun sureyle 3 mg/kg dozunda rivaroksaban gunluk
gastrik lavaj olarak verildi. Uctincii grup kontrol grubu olarak
belirlendi ve bu grupta herhangi bir ila¢ uygulamasi yapilmadi.
Ug haftanin sonunda gruplardan alinan tendonlar histopatolojik
ve biyomekanik agidan incelendi.

Bulgular: Histopatolojik inceleme sonucunda elde edilen Bonar ve
Movin skorlari, kontrol grubunda istatistiksel olarak anlamli sekilde
daha yuksek idi (sirasiyla, p=0.003 ve p=0.004) (skorlarin yitksek
olmasi tendon iyilesmesinin yeterli olmadigini gosterir). Tip I ve tip
III kollajen oranlar incelendiginde, matur tendonda daha yuksek
oranda bulunmasi gereken tip I kollajen orani, rivaroksaban ve
DMAH gruplarinda, kontrol grubuna kiyasla istatistiksel olarak
anlaml sekilde daha yuksek idi (p=0.002). Biyomekanik inceleme
sonucunda rivaroksaban grubundan, DMAH grubuna kiyasla daha
yuksek ortalama maksimum kuvvet degerleri elde edildi (p=0.31).
Kontrol grubundan elde edilen ortalama maksimum kuvvet
degerleri, DMAH grubundan (p=0.03) ve rivaroksaban grubundan
(p=0.18) elde edilenlerden daha yuksek idi.

Sonug¢: Histopatolojik inceleme, hem DMAH’in hem de
rivaroksabanin tendon iyilesmesine olumlu etkileri oldugunu
gosterdi. Ancak ayn1 olumlu etkiler biyomekanik incelemede tespit
edilmedi.

Anahtar sozciikler: Asil tendonu; dusuk molekul agirlikli heparin; sican;
rivaroksaban.
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Due to the increased interest in sports and the
increased trauma frequency, Achilles tendon rupture
rate hasbeen increasing. Recently, incidence of Achilles
tendon rupture has been reported as 62.9/100.000."
Because of complications like prolonged postoperative
recovery time, skin necrosis and infection around the
surgical site and re-rupture; Achilles tendon injury is
a significant health issue for middle-aged adults and
athletes.”

Immobilization of the leg in the cast during
conservative treatment or after the surgery
and/or the effect of the trauma may result in deep
venous thrombosis (DVT) after Achilles tendon
rupture.’! In the literature, incidence of DVT after
Achilles tendon injury has been reported between
1-34%.1%¢  Main topics for thromboembolism
prophylaxis in hip and knee surgeries have been
defined; however, there is no consensus on DVT
prophylaxis after below-knee surgeries, which require
immobilization.”? Nevertheless, a meta-analysis
suggests routine prophylaxis after Achilles tendon
injuries in order to decrease the risk of DVT and
pulmonary thromboembolism (PE).®!

Several studies on tendon healing exist in the
literature.” One of the main topics studied is the
effect of anti-thrombotic agents on tendon healing.">
Yet, the number of these studies is limited and effect
of specifically rivaroxaban on tendon healing has not
been investigated. Therefore, in this study, we aimed
to compare the histopathological and biomechanical
effects of low molecular weight heparin (LMWH) and
rivaroxaban, which are frequently used in orthopedic
surgery for thromboembolic prophylaxis, on rat
Achilles tendon healing.

MATERIALS AND METHODS

The study protocol was approved by the Local Ethics
Committee for Animal Experiments of Istanbul
Bagcilar Training and Research Hospital [06.08.2015
(2015/98)]. The study was conducted between October
2015 and November 2015 in accordance with the
principles of the Declaration of Helsinki. Thirty-six
adult, male Sprague-Dawley rats weighing between
300 g - 400 g were separated into three groups,
each consisting of 12 rats. First group received
subcutaneous 170 IU AXa (0.02 mL) nadroparine
calcium (Fraxiparine, Glaxo SmithKline, Canada) as
LMWH once daily for 21 days. Second group received
3 mg/kg rivaroxaban (Xarelto, Bayer HealthCare,
Berlin, Germany) diluted in 2 mL of saline via
gastric lavage once daily for 21 days. Third group
was determined as the control group and received
no medication. On the purpose of standardizing
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the groups, rats in the first group received 2 mL
0.9% sodium chloride (NaCl) daily via gastric lavage,
rats in the second group received subcutaneous
0.02 mL 0.9% NaCl daily and rats in the third group
received same doses of 0.9% NaCl both via gastric
lavage and subcutaneously.

Surgical procedure: 8 mg/kg gentamicin was
administered subcutaneously for antibiotic
prophylaxis. Surgical procedures were performed
under general anesthesia. Inhaler anesthetic
drug isoflurane (Forane, Abbott Laboratuvarlari
ithalat Thracat Tic. Ltd. Sti., Istanbul, Turkey) was
administered with 4% dosage for induction and
2% for maintenance. Right lower extremities of
the rats were shaved and then approximately 1 cm
longitudinal incision was performed under sterile
condition on the Achilles tendon; the tendon was
exposed and cut transversely from approximately
0.5 c¢cm proximal to the side of Achilles tendon
insertion site via no.11 scalpel (Plusmed, Trimpeks
ith. Thr. Tur. ve Tic. A.S., Istanbul, Turkey). Incised
Achilles tendon was then repaired with Kessler
method by using an atraumatic PDO II 4/0 (Boz
Tibbi Malzeme San. ve Tic. A.S., Ankara, Turkey)
and the skin was sutured by 3/0 propylene (Dogsan
Tibbi Malzeme San A.S, Trabzon, Turkey) (Figure 1).

Postoperative pain management was performed by
subcutaneous application of 3-5 mg/kg of carprofen
(Rimadyl, Pzifer, New York, USA) with 12-hourintervals
in the first 24 hours. No postoperative immobilization
method was applied. Rats were fed with unlimited
water and standard rodent food (ad libitum) and
kept in 22°C of temperature and 12-hour dark-light
cycle. During the first 24 hours, each cage consisted

Figure 1. Repair of incised rat Achilles tendon.
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Figure 2. Tendon sample placed between jaws of tensile
appliance during tendon tensile test.

of one rat; in the subsequent days, each cage consisted
of six rats. Daily wound site assessment; general
condition and physical activity were checked and
recorded. After 21 days, euthanasia was performed
through high dose anesthesia (10 mg/kg Xylazine and
90 mg/kg ketamine-hydrochloride).

For histopathological assessments, six tendons
from each group were extracted from adhesion site
to calcaneus and femoral condyles. The tendons
were fixated in 10% formaldehyde containers and
embedded in paraffinblocks, then 4 pm sequences were
cut and hematoxylin-eosin, Mason’s trichrome and
Alcian Blue (pH 2.5) stains were applied to each block.
Olympus BX51 light microscope was used for analyses.
Histochemical assessment of type I/type III collagen
staining pattern were performed with Sirius Red
staining and x400 magnification. Semi-quantitative
Movin’s scale and semi-qualitative Bonar’s scale were
used for evaluation.

In Movin’s semi-quantitative scale, all variables
are scored between 0 and 3 (0: normal, 1: mildly
abnormal, 2: abnormal, 3: significantly abnormal).
Total semi-quantitative histological score can be
determined between 0 (normal tendon) and 24 (most

severely abnormal tendon)." All variables in Bonar’s
scale are scored between 0 and 3. Total Bonar score
can be determined between 0 (normal tendon) and
12 (most severely abnormal tendon).!!

Tension test was applied on tendons for
biomechanical evaluation. In order to perform that,
six tendons from each group, which were not taken
into histological assessment, were extracted from the
insertion sites without plantaris tendon. Tendons were
delivered to Machine Materials Laboratory of Istanbul
University, Faculty of Mechanical Engineering in
0.9% NaCl solution with a fair amount of bone from
calcaneus on the distal side and muscle tissue on the
proximal side.

Universal tensile application device (Instron
5982 wuniversal testing machine, Norwood, MA,
USA) was used for biomechanical tests. Load
capacity of the appliance is 100 kN, speed range
0.00005-50 mm/minute, sampling frequency is 1 kHz
and load measurement accuracy is £ 0.5%.

With the aim of sustaining a good grasp, distal bone
tissues and proximal muscle tissues were attached
and covered with emery paper, and then tendons
were engaged to the jaws of the device from the emery
paper covered surfaces. Tendon-emery paper contact
was enabled by the utilization of cyanoacrylate glues.
Samples were stretched longitudinally with a speed
of 6 mm/minute until they ruptured. In order to
determine and correlate the biomechanical endurance
of the tendons, tensile force was applied until the
tendons ruptured and the maximum tensile force
value during the tendons ruptured was recorded
(Figure 2).

Statistical analysis

Mean and standard deviation values were
utilized to analyze descriptive data. Distribution
of the variables was measured with Kolmogorov-
Smirnov test. Nonparametric histopathological
qualitative data were analyzed with Kruskal-Wallis

TABLE |

Statistical analyses of Bonar’s scale results

Control group Rivaroxaban group LMWH group
Bonar’s scale Mean+SD Median Min-Max Mean+SD Median Min-Max Mean+SD Median Min-Max p
Tenocytes 1.7+0.5 2.0 1.0-2.0 1.2+0.4 1.0 1.0-2.0 1.0+0.0 1.0 1.0-1.0 0.033
Ground substance 2.2+0.4 2.0 2.0-3.0 1.5£0.5 1.5 1.0-2.0 1.5+£0.5 1.5 1.0-2.0 0.033
Collagen 2.2+0.4 2.0 2.0-3.0 1.2£0.4 1.0 1.0-2.0 1.3+0.5 1.0 1.0-2.0 0.010
Vascularity 3.0£0.0 3.0 3.0-3.0 1.8+1.0 1.5 1.0-3.0 1.7+0.5 2.0 1.0-2.0 0.010
Total score 9.0+1.1 9.0 8.0-11.0 5.7+1.5 6.0 4.0-7.0 5.5+1.0 5.5 4.0-7.0 0.003

LMWH: Low molecular weight heparin; SD: Standard deviation; Min: Minimum; Max: Maximum.
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TABLE Il

Statistical analyses of Movin’s scale results

Control group Rivaroxaban group LMWH group

Movin’s scale MeantSD Median Min-Max MeantSD Median Min-Max Mean+SD Median Min-Max p
Fiber structure 2.0+0.0 2.0 2.0-2.0 1.2£0.4 1.0 1.0-2.0 1.7+0.5 2.0 1.0-2.0 0.015
Fiber alignment 1.8£0.4 2.0 1.0-2.0 1.3£0.5 1.0 1.0-2.0 1.7£0.5 2.0 1.0-2.0 0.213
Nuclear roundness 1.7£0.5 2.0 1.0-2.0 1.2+0.4 1.0 1.0-2.0 1.0£0.0 1.0 1.0-1.0 0.033
Regional variation of

cellularity 2.0+0.0 2.0 2.0-2.0 1.3+0.5 1.0 1.0-2.0 1.2£0.4 1.0 1.0-2.0 0.012
Vascularity increase 3.0£0.0 3.0 3.0-3.0 1.8+1.0 1.5 1.0-3.0 1.7£0.5 2.0 1.0-2.0 0.010
Decrease in collagen

stainability 2.2+0.4 2.0 2.0-3.0 1.2£0.4 1.0 1.0-2.0 1.2+0.4 1.0 1.0-2.0 0.004
Hyalinization 1.5+0.5 1.5 1.0-2.0 1.2+0.4 1.0 1.0-2.0 1.2+0.4 1.0 1.0-2.0 0.351
GAG content 2.2+0.4 2.0 2.0-3.0 1.7+0.5 2.0 1.0-2.0 1.5+0.5 1.5 1.0-2.0 0.096
Total score 16.3+1.5 16.0 15.0-19.0 10.8£2.6 11.0 8.0-14.0 11.0£2.3 11.0 8.0-15.0 0.004
LMWH: Low molecular weight heparin; SD: Standard deviation; Min: Minimum; Max: Maximum; GAG: Glycosaminoglycan.

TABLE 11l
Statistical analysis of type I/ type Il collagen measures with Sirius Red staining
Control group Rivaroxaban group LMWH group

Collagen Mean+SD Median Min-Max Mean+SD Median Min-Max Mean+SD Median Min-Max p
Type | 28.3+5.2 30.0 20.0-35.0 67.5+7.6 67.5 60.0-80.0 71.7+6.8 70.0 65.0-80.0 0.002
Type llI 71.7£5.2 70.0 65.0-80.0 32.5+7.6 325 20.0-40.0 28.316.8 30.0 20.0-35.0 0.002

LMWH: Low molecular weight heparin; SD: Standard deviation; Min: Minimum; Max: Maximum.

and Mann-Whitney U tests and parametric results of
biomechanical tests were analyzed with analysis of
variance. Statistical analyses were performed using the
IBM SPSS version 22.0 (IBM Corp., Armonk, NY, USA)
and statistical significance value was set as p<0.05.

RESULTS

Bonar’s scale total score was significantly higher in
control group in comparison with both rivaroxaban

o

' e 3 :
Figure 3. Type l/type Il collagen staining pattern at
histochemical staining with Sirius Red (type | collagen fibers
appear thicker and orange-red in color; type lll collagen
fibers appear thinner and matte green in color). Control 6,
%100, Sirius Red staining.

and LMWH groups (p<0.05). Rivaroxaban and LMWH
groups’ Bonar’s scale total scores were not significantly
different (p>0.05) from each other (Table I).

Movin’s scale total score was significantly higher
in control group in comparison with both rivaroxaban
and LMWH groups (p<0.05). Rivaroxaban and LMWH
groups’ Movin’s scale total scores were not significantly
different (p>0.05) from each other (Table II).

. - -~ D 2 - . > -
Figure 4. Type l/type Il collagen staining pattern at
histochemical staining with Sirius Red (type | collagen fibers
appear thicker and orange-red in color; type Ill collagen fibers
appear thinner and matte green in color). Rivaroxaban 4, x100,
Sirius Red staining.
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Figure 5. Type l/type Il collagen staining pattern at
histochemical staining with Sirius Red (type | collagen fibers
appear thicker and orange-red in color; type lll collagen fibers
appear thinner and matte green in color). Low molecular weight
heparin 3, x100, Sirius Red staining.

Measure of type I collagen (mature collagen) was
significantly lower in control group in comparison with
both rivaroxaban and LMWH groups (p<0.05). There
was no significant difference between rivaroxaban
and LMWH groups according to type I collagen
measures (p>0.05) (Table III) (Figures 3, 4, and 5).
On the contrary, type III collagen (immature collagen)
measures were significantly higher in the control
group in comparison with both rivaroxaban and
LMWH groups (p<0.05). There was no significant
difference between rivaroxaban and LMWH groups
according to type III collagen measures (p>0.05)
(Table III).

Mean maximum rupture force in the control,
rivaroxaban and LMWH groups were 30.08 N,
2216 N and 18.03 N, respectively (Figure 6). There
was no significant difference between control and
rivaroxaban groups (p=0.18) according to mean
maximum rupture force. However, mean maximum
rupture force difference was significant between
control and LMWH groups (p=0.03). Mean maximum
rupture force was higher in the rivaroxaban group in
comparison with LMWH group, but this difference
was not statistically significant (p=0.31).

DISCUSSION

Tendon surgeries are frequently performed in daily
orthopedic practice. Tendon healing, particularly
Achilles tendon healing, is a slow process. As tendons
heal via fibrotic scar tissue, it is essential to know the
effects of the drugs on tendon healing process.!

Tatari et al.'”! administered corticosteroid to rats’
Achilles tendons and produced Achilles tendinitis;
then, they administered local heparin to normal
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Figure 6. Mean maximum rupture force values obtained

during tensile test on tendons. Groups with significant difference *
p<0.05; LMWH: Low molecular weight heparin.

Achilles tendons and to tendons with tendinitis.
Consequently, they reported that heparin caused
degeneration on tendons in both groups.

Tendon healing is a complex process consisting of
cell proliferation, angiogenesis, extracellular matrix
production, remodeling and maturation ensuing
each other. Growth factors are also effective on
tendon healing. Like other tissues, after tendon
injury, first hematoma and then fibrin coagulum
occurs. In this coagulum; blood cells, thrombocytes
and fibronectin are destructed. Healing process
starts as local growth hormones migrate to the
area with the effect of chemotactic factors released
after destruction."!% Fibrin formation occurs via
thrombin. It is hypothesized that antithrombotic
agents impair particularly the initial step of the
healing process through inhibiting fibrin formation.

Virchenko et al.™ demonstrated that antifactor
Xa activity is peaked in two hours after injection
and gets back to normal after 12 hours. In their
study, they found that heparin administration via
mini pump affected tendon healing adversely, but
this adverse effect was not seen in the other two
groups (the groups that heparin was administered
single dose prior to surgery and via injection twice
a day).¥! In our study, single dose administration
of both rivaroxaban and LMWH did not inhibit
production of thrombin or fibrin continuously.
We assume that fibrin coagulum formation at the
healing area decelerated, blood supply increased
and migration of growth factors accelerated with the
impact of the drugs we administered. Furthermore,
neovascularization and microcirculation enhancing
effects of the agents used in the study induced
enhancement and acceleration of healing. It has
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been reported that heparin and its derivatives
accelerate healing by decreasing destruction in
cells and tissues, increasing neovascularization,
enhancing granulation, epithelialization and
revascularization.?0?!

In their study investigating the effect of LMWH on
rat Achilles tendon healing, Esen et al."? demonstrated
that high-dose LMWH (170 AXa) administration
had a more positive effect on histopathological
healing in comparison to low dose LMWH (85 AXa)
administration. Furthermore, healing was significantly
better both in high dose LMWH group and low dose
LMWH group in comparison to control group. In our
study, high-dose LMWH was administered. Bonar’s
scale total scores” and Movin’s scale total scores’
statistical analysis revealed that both drugs affected
tendon healing positively according to control group;
thus our findings support the results of Esen et al.s
study.'” In our study, type I and type III collagen ratio
was examined via Sirius Red staining. Type I collagen,
which appears more in mature tendon ultrastructure,
was significantly higher in groups that received
rivaroxaban or LMWH in comparison to control
group.

Moreover, Esen et al.'? examined biomechanical
results on the fourth week of tendon healing and
found that maximum rupture force values ranged
from high to low in the following order; high dose
LMWH group, low dose LMWH group and control
group. This difference was significant for high dose
LMWH group.

Tensile test results obtained in our study showed
higher maximum rupture force value in control group
in comparison with rivaroxaban and LMWH groups;
however, this finding was significant only between
control group and LMWH group (Figure 6). As the
studies evaluated different phases of tendon healing,
our biomechanical findings did not correlate with
Esen’s biomechanical findings.

When histopathological results were considered,
it was demonstrated that both rivaroxaban and
LMWH groups had an accelerated healing process
according to control group; on the contrary, positive
effects on tendon healing were not shown clearly
with biomechanical results. Discrepancy between
biomechanical and histopathological findings may
be attributed to short duration of our study and
organization step, since tendon healing could not
occur because of the short duration. Besides, the
number of rats for each group may not be adequate to
demonstrate the correlation between biomechanical
and histopathological results.
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Our study has some limitations. The study had
an experimental design; hence we were unable to
make comparisons in terms of clinical and functional
outcomes. Achilles tendon ruptures in humans occur
usually on degenerative basis; and in our study, we
performed iatrogenic cuts on healthy rat tendons and
repaired them. Thus, interpretation of our results
as same as human Achilles tendon ruptures results
may lead to misapprehension. Furthermore, we did
not conduct dose adjustment for the drugs we used;
also, we did not study the anti-factor Xa levels. We
determined doses according to prior studies. Hence,
we could not know the degree and the duration of
fibrin coagulum inhibition particularly in the initial
phase of healing. As we did not investigate early- and
late-term outcomes separately, histopathological and
biomechanical effects of the drugs on the late phases
of healing were not evaluated.

In conclusion, both rivaroxaban and LMWH
showed positive effects on tendon healing in
histopathological assessments; however, the same
outcomes were not obtained in biomechanical
assessments. Both rivaroxaban and LMWH may be
used in order to reduce the risk of DVT during
the conservative or surgical treatment of Achilles
tendon ruptures. Nevertheless, further randomized
controlled studies on humans are needed to establish
explicit deductions.
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