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ABSTRACT

Objective: The aim of the present study was to determine the effect of topical and systemic tranexamic acid (TXA) on fracture
healing in a rat surgical model.

Methods: We created standard, right-sided, open, diaphyseal femoral fractures with intramedullary Kirschner wire fixation in 48
male rats and divided them into three groups: a topical TXA (10 mg/kg) group, a systemic TXA (10 mg/kg) group, and a control
group. Fracture healing was evaluated radiographically and histologically after early (week 2) and late (week 4) postoperative
sacrifice.

Results: The radiological scores differed significantly among the all groups (p=0.001), as did the week 2 and 4 scores (p=0.003 and
p=0.010, respectively). Radiologically, the topical TXA group exhibited better bone healing at both 2 (p=0.001) and 4 (p=0.007)
weeks than the control group, and the systemic group showed better healing at both 2 (p=0.027) and 4 (p=0.023) weeks than the
control TXA group. Moreover, bone healing was better in the group treated with topical rather than systemic TXA on radiological
examinations performed at 2 (p=0.001) and 4 (p=0.007) weeks postoperatively (p=0.001 and p=0.007, respectively). Histological-
ly, the groups differed significantly (p=0.001). The histological scores differed significantly among the all groups (p=0.001). At 2
weeks, the topical TXA group exhibited significantly better bone healing than the control group (p=0.001).

Conclusion: Our results suggested that topical application of TXA in fracture patients may accelerate healing, whereas systemic

administration may adversely affect healing.

Fracture healing and its complications are import-
ant issues in orthopedics and traumatology. Most
information on fracture healing comes from ret-
rospective investigations. However, the inferences
drawn have not been confirmed experimentally.

In recent years, tranexamic acid (TXA) has been
widely used to reduce postoperative bleeding,
transfusion requirements, length of the hospital
stay, and morbidity (1-4), particularly during ar-
throplasty procedures (5-8). Both topical and sys-
temic use of TXA have been reported (2, 5, 6) and
were found to reduce bleeding to a similar extent
(9). However, little information is available on the
causes of thromboembolic complications develop-
ing after intravenous TXA administration (2 4, 7,
10, 11). TXA is contraindicated in patients with
a history of prior arterial or venous thrombosis,
decreased creatinine clearance (<30 mL/min), a
history of epilepsy, and prior estrogen or proges-
terone therapy (11).

Recently, TXA has been administered also to re-
duce postoperative bleeding, transfusion require-
ments, length of the hospital stay, and morbidity
during fracture surgery in orthopedic and trauma-
tology departments (10-12). The English-language
literature lacks information on the efficacy of such
treatment on fracture healing. Nevertheless, the
effect of the fracture hematoma on fracture heal-
ing is known (13-16). The effects of TXA on frac-
ture healing remain unclear. However, it is known
that good healing requires robust blood flow to the
fracture line (17).

What if TXA affect the fracture healing besides
reducing bleeding and hematoma formation? A
question remains as to whether the use of TXA
to reduce blood loss during fracture surgery pos-
itively or negatively affects fracture healing. We
explored the effects of TXA on fracture healing
both radiologically and histologically in an animal
model.
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Materials and Methods

This investigation was conducted using a protocol approved by
the Animal Care Committee of Actbadem University.

We established a rat model of the effects of TX A on short- and long-
term fracture healing. Forty-eight male Wistar albino rats (age:
3-3.5 months; weight 280-320 g) were used (18, 19) (Hipokrat®,
[zmir, Turkey). All rats were intraperitoneally anesthetized with
a mixture of 5-10 mg/kg xylazine (Rompun®; Bayer, Leverkusen,
Germany) and 50-80 mg/kg ketamine (Ketalar®; Pfizer, NY, USA)
(20). The right legs were shaved and disinfected. We used an open
osteotomy model (21). This was preferred in order for TXA to be
applied to the fracture line at a desired dose and without any loss of
TXA. Transverse osteotomy was performed at the mid-diaphysis
of the right femur using an electric saw (Electric Pen Drive; DePuy
Synthes, Raynham, MA, USA) with a 0.38-mm-thick blade, and
the fracture was stabilized via intramedullary insertion of a ster-
ilized Kirschner wire, 1 mm in diameter (Hipokrat®, [zmir, Tur-
key) (22, 23). For the systemic TXA group, TXA was systemically
administered at the therapeutic dose (intravenous administration
via rat dorsal tail vein, 10 mg/kg). For the topical group, TXA was
topically administered at the therapeutic dose (10 mg/kg) on the
fracture line (24). All surgeries were performed by a single sur-
geon (HBC). No animal died and no complication was detected.

The rats were randomly chosen for sacrifice in a blinded manner. To
simulate early and late fracture healing, animals were sacrificed at
two times: 2 and 4 weeks after the operation (n==8 in all three groups;
topical and systemic TXA, 10 mg/kg, and controls). The entire femur
was removed without damaging callus tissues. Antero-posterior and
lateral digital radiographs of each femur were obtained. Bridging of
the fractured callus was assessed in a blinded manner by two inde-
pendent orthopedic surgeons using the radiological scoring system
of Lane and Sandhu (0-4 points) (22). This system evaluates union,
spongiose bone formation, and bone marrow organization.

Bone tissue specimens were fixed in 10% (v/v) neutral formalin and
decalcified for 10-14 days in decalcification solution (Osteomoll®;
Merck Millipore, Burlingame, MA, USA) after washing with dis-
tilled water. Tissues were dehydrated in a graded series of alcohol
baths and embedded in paraffin. Five-micron-thick sections were

MAIN POINTS

Topical application of tranexamic acid in fracture patients may ac-
celerate healing, whereas systemic administration may adversely
affect healing.

Tranexamic acid, an antifibrinolytic lysine analog, inhibits plas-
minogen activation and is thought to reduce blood loss by exhibit-
ing antifibrinolytic activity, especially when fibrinolysis is present.

It was stated that the primary component of the fracture hema-
toma is fibrin. Thus, the use of antifibrinolytic agents, such as
tranexamic acid, to prolong the duration of fibrin clots at fracture
sites may contribute to both fracture microstabilization and bleed-
ing control.
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obtained and stained with hematoxylin and eosin (H&E) to evalu-
ate trabecular formation and Masson’s trichrome (04-010802; Bio-
Optica, Milan, Italy) to view fibrous connective tissue, calcification,
and general appearance. Sections were examined microscopically
(BX51; Olympus, Tokyo, Japan) and photographed (DP72; Olym-
pus). We used the histological scoring system of Huo et al. to assess
bone tissues from at least five random areas, under 20x magnifica-
tion, for each group (25). The analysis was conducted in a blinded
manner using validated, histologic scores ranging from 1 to 10.

Statistical analysis

Statistical analysis was performed using the Number Cruncher
Statistical System 2007 (NCSS Statistical Software, Kaysville, UT,
USA). The Kruskal-Wallis test was used to compare radiological
and histological scores that were not normally distributed, and
the Bonferroni-corrected Mann-Whitney U test was employed
to identify the group responsible for the observed differences.
We also derived descriptive statistics (means, standard devia-
tions, medians, frequencies, and ratios) and 95% confidence in-
tervals; p<0.05 was considered to reflect statistical significance.

Results

Callus formation was observed in the osteotomy lines of all rats
(Figure 1). Overall, the radiological scores differed significantly
among all the groups (p=0.0019, as did the week 2 (p=0.003) and 4
(p=0.010) scores. The group receiving topical TXA exhibited better
bone healing at both 2 (p=0.001) and 4 (p=0.007) weeks relative to
the systemic group, and the systemic group exhibited better healing
than the control group at both 2 (p=0.027) and 4 (p=0.023) weeks.

Radiologically, bone healing was better in the topical versus the
systemic TXA group at weeks 2 and 4 (p=0.001 and p=0.007,
respectively). Moreover, healing was better in the control group
than in the systemic TXA group at weeks 2 and 4 (p=0.027 and
p=0.023, respectively). However, no significant differences in ra-
diological scores were evident between the topical TXA group
and the control group at 2 and 4 weeks (Table 1).

The histological results differed significantly among all groups
(p=0.001), as did the histological scores at week 2 (p=0.004); no
significant between-group difference in histological scores was
evident at week 4 (p>0.05). At both 2 and 4 weeks, the topical
TXA group exhibited significantly better bone mineralization
than the control group at week 2 (p=0.001 and p=0.001, respec-
tively; Table 2). Bone tissue specimens of week 2 are shown in
Figure 2.

Discussion

Fracture healing remains one of the most important research
areas in orthopedics. Factors affecting fracture healing (either
positively or negatively) are the subject of much research interest
and investigating the effects of commonly used drugs on fracture
healing is important in this context.
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Figure 1. a-c. (a) Plain radiograph taken at 4 weeks post fracture of topical TXA group. (b) Plain radiograph taken at 4 weeks post
fracture of systemic TXA group. (c) Plain radiograph taken at 4 weeks post fracture of control group

Table 1. Evaluation of radiographic scores by group and time

Average radiology score

Min-max Mean 25 percentile 75" percentile

Topical group week 2 (n=8) 4-4 4 3.8 4
Topical group week 4 (n=8) 4-4 4 3.8 4
Systemic group week 2 (n=8) 3-4 3 3 3.6
Systemic group week 4 (n=8) 3-4 34 3.3 3.7
Control group week 2 (n=8) 4-4 4 3.3 4
Control group week 4 (n=38) 3-4 3.8 3.6 4
All groups p 0.001>**

Week 2 p 0.003>**

Week 4 p 0.010**

Topical week 2 - Systemic week 2 0.0015%*

Topical week 2 - Systemic week 4 0.007>**

Topical week 2 - Control week 2 0.09°

Topical week 4 - Systemic week 2 0.0015%*

Topical week 4 - Systemic week 4 0.007>**

Topical week 4 - Control week 4 0.331°

Systemic week 2 - Control week 2 0.027>*

Systemic week 2 - Control week 4 0.004 >**

Systemic week 4 - Control week 4 0.023 >*

“Kruskal-Wallis test
®Mann-Whitney U test
*p<0.05, **p<0.01.
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Table 2. Evaluation of histological scores by group and time

Average histology scores

Min-Max Mean 25" percentile 75" percentile
Topical week 2 (n=8) 8-9 9 9 9
Topical week 4 (n=8) 8-9.5 9 9 9.4
Systemic week 2 (n=8) 6.5-9 8 7 9
Systemic week 4 (n=8) 8-95 8 8 9.1
Control week 2 (n=8) 6-8 7.5 6.3
Control week 4 (n=8) 8-9 9 8.3 9
All groups p 0.003%**
Week 2 p 0.004%*%
Week 4 p 0.158°
Topical week 2 - Systemic week 2 0.065
Topical week 2 - Control week 2 0.001**
Topical week 4 - Systemic week 2 0.021*
Topical week 4 - Systemic week 4 0.092
Topical week 4 - Control week 2 0.001**
Topical week 4 - Control week 4 0.199
Systemic week 2 - Control week 2 0.234
Systemic week 4 - Control week 2 0.038*
Systemic week 4 - Control week 4 0.328
Control week 2 - Control week 4 0.002**

*Kruskal-Wallis test
®Mann-Whitney U test
*p<0.05, **p<0.01

50um

Figure 2. a-c. (a) Showing immature bone trabeculae [t] and fibrous connective tissue [c] in fracture area of topical TXA group at the

2" week (A: Hematoxylin and Eosin; B: Masson's trichrome). (b) Showing cartilaginous tissue (*) and osteocytes (arrow) in immature

bone formation and trabeculae [t] equally in fracture area of systemic TXA group at the 2™ week (A: Hematoxylin and Eosin; B: Mas-

son’s trichrome). (c) Showing massive cartilaginous tissue (*), immature bone trabeculae [t], osteocytes (arrow), and connective tissue
[c] formation in fracture area of control group at the 2™ week (A: Hematoxylin and Eosin; B: Masson’s trichrome)
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The English-language literature contains no study on the effect of
TXA on fracture healing. We considered that TXA might either
positively or negatively affect healing, despite the reduced surgi-
cal bleeding and prevention of fibrin degradation. TXA is cur-
rently used during orthopedic fracture surgery to reduce blood
loss, the need for blood transfusion, and related complications,
although the effects of topical and systemic TXA on fracture
healing remain unknown (11, 12, 26-29).

Bleeding during and after surgery is believed to be attributable
to increased fibrinolysis (30). TXA, an antifibrinolytic lysine an-
alog, inhibits plasminogen activation and is thought to reduce
blood loss by exhibiting antifibrinolytic activity, especially when
fibrinolysis is present.

Postfracture healing begins immediately with hematoma for-
mation, and remodeling continues for many years. Although
the effect of a fracture hematoma on fracture healing is not fully
understood, the hematoma is known to be important (13). He-
matoma has been reported to be essential for the initiation of
fracture healing (15, 31, 32). In rats, the removal of the fracture
hematoma significantly reduced fracture healing (16). We found
that systemic (compared with topical) TXA delayed fracture
healing on the basis of radiological and histological data, per-
haps by inhibiting fracture hematoma formation. This finding
may be clarified in the future studies.

The major causes of postoperative blood loss after fracture sur-
gery are the trauma that caused the fracture, and activation of
the coagulation pathway and local fibrinolysis triggered by trau-
ma caused by surgery. Tourniquet drainage after surgery further
enhances local fibrinolysis (33). Wong et al. reported that fibri-
nolysis over the whole extremity was reduced by application of
topical TXA after tourniquet deflation in patients undergoing
total knee arthroplasty (10). The use of a tourniquet is com-
mon during limb fracture surgery. After tourniquet removal,
increased fibrinolytic activity throughout the extremity may pre-
vent the development of complications, such as deep vein throm-
bosis, and may suppress local hemostasis and fibrin plug forma-
tion. In our present study, topical TXA afforded better fracture
healing than was seen in the control group, while the control
group exhibited better histological and radiological healing than
the systemic TXA group, both early and late after fracture.

Positive effects of fibrin clots on the early phases of bone heal-
ing have been shown in animal studies. The physical properties
of bone callus improved when fibrin clots were present (34, 35).
Echeverri et al. reported that although the fracture hematoma
played a minor mechanical role, in terms of fracture immobili-
zation, in the early stages of healing, it served as a fibrin scaffold
and thus provided a microenvironment within which cell-me-
diated repair could proceed (14). It was found that the principal
component of the fracture hematoma was fibrin. When growth
factors are released from the fibrin clot, mesenchymal cells are
attracted to the fracture site, differentiate into fibroblasts, adhere
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to the clot, and synthesize the collagen extracellular matrix that
forms the early fibrous callus. Furthermore, the fact that post-
fracture fibrin clots are common may indicate that they stabilize
early fibrous callus tissue (14). Thus, the use of antifibrinolytic
agents, such as TXA, to prolong the duration of fibrin clots at
fracture sites may contribute to both fracture microstabilization
and bleeding control. Our study suggests that this explains the
earlier callus formation seen in the topical TXA relative to the
control group, as evident both radiologically and histologically.

Our study had certain limitations. First, we did not measure
postoperative bleeding and volume of hematoma. Second, our
study has been conducted with limited number of animals, and
therefore, the possibility of making definite inferences is limited.
All radiological findings were not able to support the histolog-
ical findings. Lastly, we did not evaluate fracture healing with
micro-CT.

We found that application of topical TXA during orthopedic
fracture surgery may accelerate fracture healing and that system-
ic use may delay healing. This topic should be further investigat-
ed in animal experiments with different parameters for mecha-
nism of action of TXA and clinical studies.
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