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Abstract

Introduction: The repair of bone defects is a study model that
has been used in several experiments to analyze the influence of
surgical and pharmacological approaches aiming to improve bone
regeneration. Mechanical stimulus is a crucial factor in the healing
process. Therefore, a variety of measures exists to aid in bone repair
by using different methods of immobilization and fixation. Objective:
To delineate an unprecedented technique of stable bone fixation with
titanium plates and screws in rat femoral fracture. Material and
methods: Six Wistar rats underwent surgical procedures for complete
femur fracture and fixation with titanium plates and screws, in six
different combinations. The rats were divided into two subgroups,
according to the technique applied: fixation performed after the
bone fracture, and fixation performed before fracture induction.
The animals were euthanized 45 days after the procedure, and the
femur was evaluated clinically and radiographically. Results: There
was a failure of the fracture fixation in the majority of the animals,
except in rat 6, which had a good stability of the bone stumps and
satisfactory bone repair. Conclusion: The best technique was with a
four-hole titanium plate and four screws of the 2-mm system, with
the fixation of the material prior to fracture induction.
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Introduction

Fracture repair is a complex biological process
that follows specific regenerative patterns and
involves many stages, such as cell recruitment to
an injury site, cell proliferation, and differentiation
of these cells [6]. Following the initial trauma,
there are two ways of bone healing: direct
intramembranous healing, and indirect fracture
repair. The direct bone healing requires anatomical
reduction and rigidly stable conditions, commonly
obtained by internal fixation, which causes direct
remodeling of the lamellar bone, Haversian canals,
and blood vessels [23]. Under other conditions,
indirect healing consists of both endochondral and
intramembranous bone healing [8]. This type of
healing does not require anatomical reduction or
rigidly stable conditions, and it is characterized
by the formation of bone callus [10].

Mechanical stimulus plays a fundamental
role in the healing process of bone fractures [1].
Therefore, it is necessary the development of stable
fixation techniques in animals to allow a better
understanding of bone repair and its association
with drugs and others. Since rats represent the ideal
model to evaluate healing and bone regeneration
[14], several studies have emerged in recent years
to investigate repair mechanisms through femoral
fractures in rats. Previous researches have been
conducted using cerclage with Kirschner wire
[3], internal fixation with a metallic clip [7],
intramedullary fixation with stainless wire [25],
intramedullary locking nail [21], external fixation
[4, 20, 21], and a locking plate [11, 13, 19, 21] in an
attempt to evaluate techniques that may influence
bone healing of femoral fractures.

Despite titanium plates and screws being the
most common forms of bone fixation in humans,
their use in femoral fractures in animal models is
restricted [24]. Previous studies have applied stable
fixation, but there is no methodology defined for
a study model using titanium plates and screws.
Therefore, the aim of this research was to develop
a surgical technique of stable fixation for femoral
fracture in rats using titanium plates and screws,
which may be applied in future investigations related
to bone regeneration and similar areas.

Material and methods

Ethical aspects

The experiments were carried out at the
vivarium of Universidade Positivo, after approval
in the Animal Ethics Committee (ECUA 320).

Experimental design

Six male Wistar rats of 6 months old and
weighing approximately 500 grams were used in
the study. They were divided into six groups, using
different fixation techniques at different times. They
were also divided into two subgroups according
to the technique applied: fixation performed after
the bone fracture, and fixation performed before
fracture induction. The animal protocol was
designed to minimize pain or discomfort to the
animals. Throughout the experimental period,
the environmental conditions of light, temperature
and humidity were controlled by a digital panel to
maintain a photoperiod of 12 hours, the temperature
range of 18-22°C and humidity of 65%.

Surgical procedure

The rats were sedated with isoflurane (Cristalia,
Itapira, SP, Brazil) and anesthetized with ketamine
hydrochloride 10% (Vetbrands, Paulinia, SP, Brazil)
and xylazine hydrochloride 2% solution (Vetbrands,
Paulinia, SP, Brazil). After anesthesia, the animals
were positioned in left lateral decubitus position,
and the right femur trichotomy was performed
with posterior antisepsis using iodopovidone. A
straight 3-cm incision along the axis of the right
femur was done with a #15 scalpel blade, and then
divulsion of the muscular planes was performed
with Metzenbaum scissors until the total femur
was exposed.

In rats 1, 2, and 3, a femoral fracture was
performed in the central region with a reciprocating
saw (NSK, Shinagawa, Tokyo, Japan) and constant
irrigation, which was followed by fixation with
titanium plates and screws (Figures 1A and 1B).
However, in rats 4, 5, and 6, it was proposed
to perform the fixation of the plate and screws
before fracture induction, in order to obtain better
stabilization of the bone stumps due to the difficulty
experienced in positioning them during the fixation
of the material after the fracture (Figures 1C and 1D).
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Figure 1 - Surgical procedure. (A) Osteotomy of the
femur in the central region. (B) Fixation of plates and
screws after the femur fracture. (C) Plate and screws
fixated before bone fracture. (D) Osteotomy performed
after bone fixation

All screws utilized in this study had 4-mm
length, that is compatible with the diameter of the
femur. The size of the plates and screws used in
each group is presented in Table I.

Table I - Fixation performed in all groups*

Screw
Rat Technique Plate diameter
(mm)
Fixation Two
1 after fracture holes 1.5 1.5
induction mm
Fixation Two
2 after fracture holes 2 2
induction mm
Fixation Four
3 after fracture holes 1.5 1.5
induction mm
Fixation Four
4 prior fracture holes 1.5 1.5
induction mm
Fixation Four
5 prior fracture holes 2 1.5
induction mm
Fixation Four
6 prior fracture holes 2 2
induction mm

*All screws had 4 mm of length

The incisions were sutured with simple stitches
by planes. For suturing the muscles, 4-0 Vicryl
sutures (Ethicon, Johnson & Johnson, Sao José
dos Campos, SP, Brazil) were used, and for the
cutaneous region 4-0 Nylon sutures (Ethicon,
Johnson & Johnson, Sao José dos Campos, SP,
Brazil) were used. In the postoperative period,
tramadol hydrochloride (Pfizer, Sao Paulo, SP,
Brazil) was administered intraperitoneally every 12
hours (7 mg/kg) for five days as an analgesic control
agent. Ketoprofen (Unido Quimica Farmacéutica
Nacional, Brasilia, DF, Brazil) was used as an
anti-inflammatory, administered intraperitoneally
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(5 mg/kg) once a day for three days. For gastric
protection of the rats, ranitidine hydrochloride
(EMS, Taubaté, SP, Brazil) was orally administered
(5 mg/kg) every 12 hours for three days. To prevent
post-surgical infection, a common complication in
orthopedic surgeries, enrofloxacin 2.5% (Chemitec,
Ipiranga, SP, Brazil) was administered (10 mg/kg)
once a day for seven days. In the postoperative
period, the rats were stored in their own cages
with food and water.

Radiographic evaluation

Seven days after the surgical procedure, the rats
were sedated with isoflurane in order to perform the
digital radiographs (Kodak x-ray sensor, Rochester,
New York, United States), which were used to evaluate
the position of the bone stumps, as well as the
plates and screws. After the rats were euthanized
and the plates and screws removed, another digital
radiograph was performed, to observe the bone
repair in the fracture site (Figures 2A and 2B).

Figure 2 - Postoperative radiographs: (A) seven days from the procedure; (B) 45 days from the procedure

Euthanasia

Forty-five days after the surgical procedure, the rats were euthanized in a gas chamber of CO, for
10 minutes. The femurs were harvested and clinically evaluated.

Clinical analysis

At the time of clinical evaluation, the success of the technique was dependent upon the position of
the plates and screws, such that there were no deformations present. Then, the material fixation was
removed to observe if there were any displacement of the stumps, any absence of bone reabsorption

and to ensure appropriate bone healing.

Results

The results obtained from the applied techniques in all groups are represented in Table II.

Table II - Results from the applied techniques

Radiographic Radiographic

Rat Technique Fixation material evaluation evaluation :rlll;;“;?;
(7 days) (45 days) y
1 Fixation after Two holes plate and Plate and screws 3 B
fracture induction screws (1.5 mm) displacement
9 Fixation after Two holes plate and Plate and screws a B

fracture induction screws (2 mm)

displacement

Continue...
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Continuation of the table II

Radiographic Radiographic

Rat Technique Fixation material evaluation evaluation ;:Illlalil‘;?;
(7 days) (45 days) y
3 Fixation after Four holes plate and Infection in the : a
fracture induction screws (1.5 mm) fracture site
Fixation prior Four holes plate and . Fracture
4 . : displacement and - -
fracture induction screws (1.5 mm) .
plate deformation
Absence of
o . Four holes plate (2 Stability of _the Stability of _the stability in
5 Fixation prior mm) and screws (1.5 fracture site fracture site the screws
fracture induction mm) ’ and the fixation and the fixation and in the
material material fracture
repair
Stability of the  Stability of the  >2S1actory
o . . . one
6 Fixation prior Four holes plate and fracture site fracture site o
repair with

fracture induction screws (2 mm)

and the fixation
material

and the fixation

material presence of

bone callus

The best applied technique was with fixation
of the material prior to fracture induction, which
had better stabilization of the bone stumps during
the surgery. In addition, the best material used was
the four-hole titanium plate of 2-mm system, and
four screws 2-mm thick and 4-mm long. The use
of these plate and screws showed satisfactory bone
repair and the presence of bone callus.

Discussion

Most studies of femur fractures in rats utilized
unstable fixation techniques where bone fractures
were left without full stabilization of the stumps,
compromising the result of effective bone healing [4,
16, 22]. Some studies describe the use of internal
femoral fixation with cerclage of the stumps with
Kirschner wire [3], external fixator [4] and pin-
clip [7].

In some studies, the unstable fixation technique
was associated with the formation of pronounced
bone callus and a delay in the fracture healing
process, whereas the stable fixation technique was
associated with the formation of reduced bone callus
and an accelerated healing process [5, 12]. Garcia
et al. reported that a decrease in inter-fragmentary
movement of the fracture increases the percentage
of bone in the callus tissue. They also found an
increased proportion of fibrous tissue with the use
of the unstable fixation technique [7]. Another study

performed on sheep tibia using the stable fixation
technique observed that the decreased formation
of fibrous tissue and increased bone formation
were associated with increased angiogenesis
and expansion of mesenchymal stem cells [17].
Therefore, these studies demonstrate that inter-
fragmentary movements affect fracture healing
and tissue differentiation. Also, a stable fixation
technique promotes angiogenesis stimulation and
the expansion of stem cells, proving that fracture
stability is the main factor in efficient bone repair
[15].

Conventional titanium plates and screws are
designed to promote fracture stability, because they
resist to axial, bending, and rotational forces, and
their use is the only method that allows immediate
postoperative mobility. Also, this material has
mechanical features very similar to the bone ones,
leading to an adequate three-dimensional stability
for bone healing [2]. Plates and screws are highly
employed in human medicine and dentistry, and
they are the first choice when total stabilization is
needed in fractures of the oral and maxillofacial
complex [9]. Therefore, in the present study, the
rationale for the use of this fixation material was to
seek a more stable method for the immobilization of
fractures in the rat’s femur, which leads to a more
efficient bone healing. Additionally, it is important
to develop techniques that can be replicable in
humans, as animal models are used to understand
the biological mechanism prior to clinical trials.
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Within the limitations of this study, it is
important to emphasize that the animal is constantly
moving and supporting its hind paws. Therefore,
it was not possible to immobilize the rats in the
postoperative period during bone consolidation.
Also, precise surgical techniques were used due
to the small size of the rats. Another point to be
addressed is that the fracture site had formation
of a bone callus, which is an indicative of indirect
bone healing, despite the use of the stable material.
This may have occurred due to the movements
exerted by the animal after the surgery, allowing for
small inter-fragmentary movement of the stumps.
Furthermore, it is relevant to consider that the plates
and screws utilized in this study were not properly
designed for the rat’s femur or its anatomy. So,
there were several muscular forces acting against
the plates and screws when the rat was moving,.

Compared with the techniques of unstable
fixation, this new method may help understand
the biologic processes of fracture healing and
allow the development of therapeutic measures to
accelerate the repair process. This new technique
proved to be efficient for fracture fixation as it
allowed adequate bone healing and formation of
a bone callus. Although this callus does not have
the same resistance as a bone, it is able to prevent
the fracture site from being displaced, and this
ensures that it will be replaced by a compact bone
and, thenceforth, go through the process of bone
remodeling [18].

Conclusion

In summary, the technique of employing the
four-hole plate and screws of the 2-mm system
demonstrated to be an efficient method for femoral
fractures fixation in rats. This fixation technique
is a useful model for future researches and may
help provide new lines of treatment for fracture
healing. However, further studies are required to
evaluate this new technique in terms of bone repair
and the development of therapeutic measures that
accelerate bone formation.
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