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ABSTRACT
Objective: The aim of this study was to assess the effects of tranexamic acid on fracture healing in the rat tibia closed fracture model.

Methods: Sixty-four male Sprague-Dawley rats were included in this study, where closed fracture and intramedullary nailing were
performed on their right tibial diaphyses. They were divided into 2 main groups, the experimental group, which was given weekly
tranexamic acid injections, and the control group, which received no additional treatment. Eight rats from each group were sacrificed
and evaluated for fracture healing at the first experimental group and control group, second experimental group and control group, third
experimental group and control group, and fourth experimental group and control group weeks. Fracture healing was radiologically
assessed according to the “Spencer Index” and “Lane and Sandhu Scoring System,” and histologically evaluated according to the scoring
system devised by Huo et al.

Resullts: According to the Spencer Index, the mean union score was statistically significantly higher in the E3 group than in the third con-
trol group (P=.014). Furthermore, the mean union score was statistically significantly higher in the fourth experimental group compared
to the fourth control group (P=.047). According to the Lane and Sandhu Scoring System, only the mean union scores of the E3-4 groups
were statistically significantly higher than the mean union scores of the C3-4 groups (P=.048). There was no histological difference
between groups in terms of union, according to the criteria defined by Huo et al (P > .05).

Conclusion: This study showed us that repeated intravenous administrations of tranexamic acid had no negative effect on fracture heal-
ing in the rat tibia fracture model. Although tranexamic acid demonstrated better radiological healing in the late period, it had no effect

on histological union.

Introduction

Fracture is the deterioration of the structural integrity
of the bone due to external or internal forces. Fracture
healing is affected by many physiological, biological,
and mechanical factors. Today, many biological fac-
tors and mechanisms effective on fracture healing
have been elucidated. Undoubtedly, all these studies
are for understanding the physiology and aiding in
fracture healing. Supporting fracture healing medi-
cally will reduce the morbidity of the patients as well
as reduce the costs of health expenditures.

Tranexamic acid (TXA) is a synthetic lysine amino
acid derivative. Tranexamic acid binds to the active
site on plasminogen, reversibly inhibits its conversion
to its active molecule, plasmin, and indirectly inhibits
fibrin degradation."?

Although fracture hematoma is known to be essential
for fracture, the extent to which it affects fracture
healing has not been fully demonstrated. Although
complete removal of the fracture hematoma has been
shown to negatively affect fracture healing in rat

studies, it is not known whether reducing bleeding
reduces fracture healing.*® It is not known whether
TXA will reduce callus quality while reducing
bleeding.

Our hypothesis in this study is that TXA will not have
adverse effects on fracture healing. In this study, we
aimed to investigate the potential effects of TXA on
fracture healing with the closed fracture model of rat
tibia and intramedullary nailing (IMN) technique.

Materials and methods

Ethics committee approval dated 24.01.2019 and
numbered 2019/03 was obtained from Bezmialem
Vakif University Experimental Animals Local Ethics
Committee for this experimental study. All experi-
mental stages of the study were carried out in Istanbul
Animals

University ~ Experimental Department

Laboratories.

In the study, 64 male Sprague-Dawley rats aged 2.5-3.5
months and weighing 300-350 grams were used. Four
experimental groups defined as “E1 (experimental
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Figure 1. Cl—control group right tibia lateral radiograph of the sacrificed rat at week 1, C2—control group right tibia lateral radiograph of the sacrificed rat at week 2,
C3—control group right tibia lateral radiograph of the sacrificed rat at week 3, C4—control group right tibia lateral radiograph of the sacrificed rat at week 4. E1—
experimental group right tibia lateral radiograph of the sacrificed rat at week 1, E2—experimental group right tibia lateral radiograph of the sacrificed rat at week 2,
E3—experimental group right tibia lateral radiograph of the sacrificed rat at week 3, E4—experimental group right tibia lateral radiograph of the sacrificed rat at week 4.

group sacrificed at end of the first week),” “E2 (experimental group
sacrificed at end of the second week),” “E3 (experimental group sac-
rificed at end of the third week),” “E4 (experimental group sacrificed
at end of the fourth week),” and 4 control groups defined as “C1 (con-
trol group sacrificed at end of the first week),” “C2 (control group
sacrificed at end of the second week),” “C3 (control group sacrificed
at end of the third week),” and “C4 (control group sacrificed at end
of the fourth week)” were formed. Eight rats were included in each
group. Closed fracture and IMN model was created to the right tibial
diaphysis of rats in all groups. The rats in the experimental group
were injected with 10 mg/kg/day TXA as a single daily dose intrave-
nously through the tail vein for 1 week. No additional treatment was
applied to the rats in the control group. During the study, rats were
given standard rodent chow (ad libitum) and no water restriction was
applied. The rats were followed at a room temperature of 22°C with
a rhythm of 12 hours during the day and 12 hours at night. Rats were
followed in isolated cages for 1 postoperative day. Then, the social
cage system was started and allowed to bear weight. Rats were fol-
lowed with 4 rats in a cage.

The E1 and C1 group was sacrificed at the end of the first week, the
E2 and G2 group at the end of the second week, the E3 and C3 group
at the end of the third week, and the E4 and C4 group at the end
of the fourth week. Cervical dislocation was used as the sacrifica-
tion method. After sacrification, anteroposterior (AP) and lateral
(LAT) x-rays were taken on the right tibia of all rats (Figure 1). Union

+  Fracture hematoma formation is known to be essential for fracture healing. It
is not known whether Tranexamic acid (TXA) will reduce callus quality while
reducing bleeding. This study was aimed to investigate the potential effects
of TXA on fracture healing with the closed fracture model of rat tibia and
intramedullary nailing technique.

Radiological results showed that the mean union score was significantly
higher in the TXA groups at the third and fourth weeks, compared to the con-
trol group. However, histologic examination revealed no significant difference
between the groups.

+  Theresults from this study indicate that repeated TXA can be a possible option
to enhance fracture healing in closed tibial diaphyseal fractures treated with
intramedullary nailing, however prospective randomised studies in humans
are needed.

scores were calculated using the “Spencer Index”” and the “Lane and
Sandhu Scoring System.”® Then the right tibia was separated from
the soft tissues and fixed in 10% formaldehyde solution. Bone struc-
tures were decalcified in 10% hydrochloric acid solution after fixa-
tion. Afterward, longitudinal sections of 5 um thickness were taken
using a microtome and stained with hematoxylin-eosin and exam-
ined under a light microscope. Olympus BX51 light microscope was
used in the examination. Scoring was done according to the criteria
system described by Huo et al.®

Surgical technique

About 5 mg/kg xylazine hydrochloride (Rompun; Bayer Healthcare,
Leverkusen, Germany) and 50 mg/kg ketamine hydrochloride
(Ketalar; Pfizer, Turkey) were administered intraperitoneally as
preoperative anesthesia. The right hind limbs of the animals were
then shaved in the supine position. Surgical site preparation was
performed with 10% povidone iodine (Batticon; Adeka, Turkey). The
closed tibia fracture model was created by the guillotine method. A
1 cm longitudinal incision was made over the patellar tendon. The
patellar tendon was retracted laterally. The intramedullary nail inser-
tion site was opened using a high-speed burr. Using the 27G needle
as the guide wire, the 21G needle was sent as an intramedullary nail
up to the distal tibia, entering the medullary cavity. Detection was
checked with pathological movement control. It was determined
that there was no pathological movement after fixation in all rats.
The skin incision was closed with 3.0 prolene. After awakening, the
experimental animals were allowed to load and move freely in the
cage. Daily wound follow-up and pain follow-up were performed.

Statistical analysis

Statistical analyses were performed with Statistical Package for
Social Sciences (SPSS) version 17.0 program (SPSS Inc.; Chicago, IL,
USA). The conformity of the variables to the normal distribution was
examined by histogram graphics and the Kolmogorov-Smirnov test.
Mean, SD, and median values were used when presenting descrip-
tive analyses. Categorical variables were compared with the Pearson
chi-square test. The Mann-Whitney U test was used when evaluat-
ing non-normally distributed (nonparametric) variables between
2 groups. P value < .05 was considered statistically significant.
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Table 1. Spencer Index Averages

Groups
E1 C1 E2 c2 E3 C3 E4 C4
Mean 1.446 1.595 1.825 1.988 2.067 1.760 2.147 1.644
SD () 0.25 0.33 0.33 0.38 0.20 0.23 0.57 0.31
P* 322 375 014 .047%
*Significant value (P < 0.05).
Results (P=1.000). When the histological scores of the E2 group were com-
pared with the histological scores of the C2 group, no statistically sig-
Radiological findings nificant difference was found (P=.602). When the histological scores

The union scores calculated using the “Spencer Index” on x-rays were
compared separately between the experimental and control groups
sacrificed in the same week. There was no statistical difference
between the C1-E1 and C2-E2 groups (P=.322 and P=.375, respec-
tively). The mean union score was statistically significantly higher in
the E3 group than C3 group (P=.014) and also the mean union score
was statistically significantly higher in the E4 group than C4 group
(P=.047) (Table 1). In addition, rats sacrificed at the end of the first
week and at the end of the second week were defined as the early
period of fracture healing, and the rats sacrificed at the end of the
third week and at the end of the fourth week were defined as the
late period of fracture healing. In this way, when the mean union
scores of the E1-2 groups were compared with the mean union scores
of the C1-2 groups, no statistically significant difference was found
(P=.244). When the mean union scores of the E3-4 groups were com-
pared with the mean union scores of the C3-4 groups, it was found
that the mean union scores of the E3-4 groups were statistically sig-
nificantly higher (P=.003).

In addition, union scores calculated using the “Lane and Sandhu
Scoring System” on x-rays were compared separately between the
experimental and control groups sacrificed in the same week. The
mean union score was 3.00 + 2.27 in the E1 group, while the mean
union score was 1.63 + 2.56 in the C1 group. The mean union score
was 6.63 + 2.39 in the E2 group, while the mean union score was
6.38 + 3.02 in the C2 group. The mean union score was 9.13 + 2.10
in the E3 group, while the mean union score was 7.88 + 2.30 in the
C3 group. While the mean union score was 8.75 + 2.05 in the E4
group, the mean union score was calculated as 7.25 + 2.87 in the C4
group. There was no statistical difference between the all control and
experimental groups (Table 2). When the mean union scores of the
E1-2 groups were compared with the mean union scores of the C1-2
groups, no statistically significant difference was found (P=.490).
When the mean union scores of the E3-4 groups were compared with
the mean union scores of the C3-4 groups, it was found that the mean
union scores of the E3-4 groups were statistically significantly higher
(P=.048).

Histological findings

Histological evaluation scores made according to the criteria defined
by Huo et al® were compared between the experimental and control
groups who were sacrificed in the same week. When the histological
scores of the E1 group was compared with the histological scores
of the C1 group, no statistically significant difference was found

of the E3 group were compared with the histological scores of the
C3 group, no statistically significant difference was found (P=.680).
When the histological scores of the E4 group were compared with
the histological scores of the C4 group, no statistically significant
difference was found (P=1.000). When the histological scores of the
E1-2 groups were compared with the histological scores of the C1-2
groups, no statistically significant difference was found (P=.869).
When the histological scores of the E3-4 groups were compared with
the histological scores of the C3-4 groups, no statistically significant
difference was found (P=.891).

Discussion

Our most valuable finding in this study is that TXA does not nega-
tively affect fracture healing but also has a positive effect on long-
term fracture healing.

Fracture occurs when the structural integrity of the bone is dis-
rupted by external or internal forces. Fracture healing starts from the
moment of the fracture and continues until mature, organized bone
tissue and bone ends are integrated. In order to clarify the biochemi-
cal and cellular processes of these periods, many factors that will
affect fracture healing have been investigated.'

The effects of drugs that affect bleeding and vascular permeabil-
ity due to the hematoma stage in the inflammation period of frac-
ture healing have been continuously investigated in the literature.
Malekigorji et al' found that pentoxifylline and sildenafil (phospho-
diesterase inhibitor), which are agents that increase vascular per-
meability, have a positive effect on bone healing in an experimental
maxillofacial fracture model performed on rats. In an experimen-
tal study on nitric oxide, that increases vascular permeability, in
a rat model, Diwan et al.’* They showed that fracture healing was
delayed after nitric oxide inhibition. In an in vivo study showing
the effect of aprotinin, an antifibrinolytic agent such as TXA, on
bone colonization, Le Guehennec et al®® showed low bone levels at
low aprotinin and calcium chloride levels. Studies have been con-
ducted to examine the effects of agents that prevent intravascular
coagulation on fracture healing. In an experimental study on rat
femur fondaparinux was shown to have possitive effect of healing,
Say et all.**

Tranexamic acid, as a lysine amino acid derivative, binds to the
active site on plasminogen, reversibly inhibits its conversion to its

Table 2. Lane and Sandhu Scores

Groups
E1 C1 E2 C2 E3 C3 E4 C4
Mean 3.00 1.63 6.63 6.38 9.13 7.88 8.75 7.25
SD (&) 2.27 2.56 2.38 3.02 2.10 2.30 2.05 2.87
P 214 914 .071 .295
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active molecule, plasmin, and indirectly inhibits fibrin degrada-
tion."* Although TXA is used in many other medical fields, it has
been used frequently in orthopedic surgery in the last 10 years.’"
It has been shown that TXA reduces the amount of bleeding and the
need for transfusion in many areas of orthopedic surgery and has
positive effects on patient morbidity. Although complete removal
of the fracture hematoma has been shown to negatively affect frac-
ture healing in experimental studies in the literature, it is not known
whether reducing bleeding reduces fracture healing.*® Therefore, in
our study, we aimed to determine the possible effects of TXA on frac-
ture healing.

In our study, we chose the rat as the experimental animal. We pre-
ferred the rat because it is easy to care for, easy to apply fracture
modeling, less in-experimental animal loss, resistance to infection
and other comorbidities, and it has been frequently experienced in
similar studies in the literature. Since long bone fractures are mostly
closed fractures, we applied the closed fracture model. We thought
that we could better detect its effect on the union by reducing the
amount of bleeding without affecting the fracture hematoma that
occurs immediately after the fracture. In addition, we preferred
the closed IMN technique because it is a method that is used more
frequently in closed fractures of long bones. In our study, we chose
IV administration via the tail vein as the drug administration route.
The reason we chose this route was that no invasive procedure was
applied directly to the fracture line. As the dose, we chose 10-15
mg/kg/day, which is more frequently used in experimental models
in the literature and more frequently used as the application dose
in humans.?*** Considering the rat bone healing as the sacrification
time, we planned sacrification in the first week showing the hema-
toma and inflammation period, the second week showing the soft
callus formation, the third week showing the hard callus period, and
the fourth week showing the maturation period. We considered first
and second weeks as early period, third and fourth weeks as late
recovery.

Although we did not find a significant effect of TXA on fracture
healing histologically in our study, we found that rats sacrificed at
the end of the third and fourth weeks in the radiological evaluation
had better union scores than the control group. There were limited
experimental studies on this subject in the literature. Cevik et al** in
their study, the effects of local and systemic TXA on fracture healing
after open femur fracture in rats were investigated. Lane and Sandhu
scoring system was used for radiological evaluation and the scoring
system defined by Huo et al was used for histological evaluation.
While a positive effect was observed on fracture healing after local
application and systemic application, they stated that local applica-
tion increased fracture healing more than systemic application.” In
another study, Balkanl et al*® in their experimental animal model
study, 42 rats were used. The effect of local and systemic application
of TXA on bone healing after the rat tibia open fracture model was
evaluated. The local application was made as 1.5-3 g, and IV as 10-15
mg/kg. In addition, in this study, the amount of hematoma between
the experimental and control groups was evaluated by ultrasonog-
raphy on the first and third days. Although there was a decrease in
the amount of hematoma after local application, no statistically sig-
nificant difference was found between the groups. When fracture
healing was evaluated, no significant difference was found again.*
In another study, a single dose of 30 mg/kg IV administration of TXA
was compared with the control group in 36 rats who underwent IMN
after the femoral closed fracture created in the study by Karaduman
et al.** The rats were sacrificed on the 15th, 30th, and 45th days. It

was observed that the recovery was significantly better in the group
sacrificed in 15 days. No difference was found between the other
groups.*

The most important difference in our study compared to other stud-
ies in the literature is that TXA was administered at repeated doses
for 7 days. Bleeding after fracture is usually not instantaneous, and
bleeding complications may develop within the first 7 days. For this
reason, repeated doses of TXA may be required. Despite 7 days of
application, we did not detect any negative effects on fracture heal-
ing, both radiologically and histologically, due to TXA. Another dif-
ference is that we use the tibia closed fracture model. Closed tibia
fractures are fractures with a high risk of bleeding complications.
Soft tissue problems and compartment syndromes may develop after
bleeding. We think that the use of this fracture model is more clini-
cally meaningful.

The main limitations of our study are that only xray was used in
the radiological examination and no biomechanical examination was
performed. If micro CT could be used in addition to x-ray in imaging,
more detailed radiological evaluation could be made. In addition, the
biomechanics of the union tissue is an important parameter as well
as the radiological and histological examination in the post-union
evaluation. In addition, we did not use any parameter showing the
effect of TXA on bleeding when evaluating the effect on union. We
could have provided more detailed information if we had added a
radiological imaging method that quantifies the hematoma.

Repeated intravenous administration of TXA has no negative effect
on fracture healing in closed tibial diaphysis fractures treated with
IMN in experimental rat model. While radiological healing is better
in the late period of fracture healing, there is no histological differ-
ence. Repeated doses of systemic TXA can be safely used for union in
closed tibial diaphyseal fractures treated with IMN.
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