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Abstract: Most of the mandibular fractures occur as a result of accidents, kicks, or falls. The treatment
of fractures located in the incisor region is quite successful with the use of the wiring method.
Fractures that occur within the body of the mandible are more complicated. Some of them are open
and infected and involve the cheek teeth, which makes treatment quite challenging. In these cases,
using bone plates mounted directly on the bone would constitute poor technique. External skeletal
fixators can be a good alternative for treatment of complicated fractures. In this article we present
the construction and the possible use of a unilateral external fixator dedicated for the treatment of
mandibular body fractures. The fixator consists of one rod having a diameter of 8 mm and a length
of 20 cm, four booms, four connectors, and four self-threading apex pins with a diameter of 6 mm.
Stainless steel was used in the production of the fixator. The device has been successfully used for
the treatment of open mandible fractures. The stabilizer is light and is small in size, simple to use,
and easily assembled and disassembled. It can be adjusted in three planes.
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1. Introduction

1.1. Background

Treatment of some bone fracture cases in horses is difficult. Due to a large variety of bones and
their different sizes and shapes, there is no universal method that could be used in treatment of fractures.
Each bone requires an individual approach. Complex fractures of long bones that consist of many
bone fragments often lead to euthanasia. Open fractures pose a greater challenge as they often become
contaminated and infected. Fractures need to be stabilised well in order to achieve bone union. However,
using plates fixed directly on a bone in such case would constitute poor practice. External fixators could
become an acceptable solution. The following types of fixators may be distinguished: Unilateral, bilateral,
trilateral, quadrilateral, semi-circular, and circular. Each of them may be used to treat different fractures
depending on its location and pattern. Unilateral fixators provide the least stabilisation, but they are the
easiest to use and do not disturb normal everyday functioning of an animal. The others are a lot more
complex. This is why unilateral fixators stabilise bone fragments to a greater extent. A very extensive
structure fixated externally, however, interferes with the normal functioning of a horse.

Mandibular fractures are the most common among all skull fractures [1-5]. Most of them result
from an injury, such as hitting an obstacle or being kicked by another horse, or when horses play with
metal objects in the stable. Other possible causes include iatrogenic damage during tooth extraction
or secondary damage due to ongoing disease processes, such as osteosarcoma or osteomyelitis [6].
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A mandibular fracture can create many different clinical signs, like dysphagia, pain, malalignment of
incisors, displacement of teeth in the arcade, instability of the jaw, crepitation, excessive salivation,
swelling, and enlargement of the affected region. Some horses with displaced fractures are not able to
eat and drink. In order to establish a precise diagnosis, it is very important to perform clinical and
radiological examinations. In very complicated cases, CT exam can also be helpful in considering the
proper methods of treatment.

On the basis of anatomical location, fractures are classified as fractures of the incisive area,
interdental space, horizontal ramus, and the vertical part of the jaw, the most common being fractures
of the incisive area. Only stable and non-displaced fractures can be considered for conservative
treatment [5,7]. Fractures of the mandibular body pose the greatest challenge to a practitioner among
all mandibular fractures. The majority of them are opened, which makes their treatment much more
difficult [3,8,9]. Depending on location and fracture configuration, the following surgical methods
can be used: Wire loops in the oral cavity, wire loops enforced with synthetic materials, screws,
U-shaped plate placed in the oral cavity, transmandibular Steinmann pins, steel plates (DCP, dynamic
compression plates; LCP, locking compression plates) [10-16]. The use of DCP or LCP plates fixated
directly on the bone at the ventrolateral site of the jaw provide the best stabilisation [17] but for opened
infected fractures, this is not recommended. For the fixation of some fractures, only screws were
needed. Biodegradable magnesium alloys can also be considered in the future [18]. Fractures of
incisive bone, although being opened, are successfully treated using wire loops, which stabilise the
bone to a required extent [1-3,10-12,16]. External fixators are a separate method. They are especially
indicated for the treatment of open fractures. Sometimes, for successful treatment, it is necessary to
use a combination of a few methods [16,19].

The use of external fixators in the treatment of selected fractures, mainly animal limb bones,
has been described since the 1930s [20]. External skeletal fixation is quite popular for the treatment
of fractures in cattle [21]. The authors of this article present a new external skeletal fixator for the
treatment of mid-diaphyseal fractures of the third metacarpal bone in horses [22,23]. The fixator
presented in this manuscript is part of the design for the treatment of MC III bone [22,23]. The other
authors described treatment of 16 cases with mandibular fractures using external fixation [5]. On the
other hand, Swiss scientists presented treatment of nine fractures in horses using unilateral pinless
external fixators (PEF) in 2010 [8]. Several years before using it in horses, PEFs were used in treatment
of mandibular fractures in cows [9]. Apart from the last one (PEF), no more information on a typical
device intended for treatment of fractures of the mandibular body in horses is available in current
literature to the authors” knowledge.

1.2. Objectives

The main aim of the article is to present a novel idea involving the construction of a unilateral
external fixator of our design intended for the treatment of selected fractures of mandibular body in
horses (Figure 1). Advantages and disadvantages of the fixator are also presented.

Figure 1. Mounted fixator and its parts; (1) Main rod, (2) arms, (3) pin coupling, (4) pins.
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2. Materials and Methods

2.1. Structure of the Fixator

The unilateral external fixator of our design (Figure 1) consists of the following elements: (1) Rod
with a diameter of 8 mm and length of 20 cm, 4 arms, 4 pin couplings, and 4 pins. An arm (Figure 2) is
made of a rod with a diameter of 8 mm and a length of 50 mm terminated on one side with a cone
fixed using a clamp with M5 screw, clamp, and screw.

Figure 2. Arm and its elements: (A) Mounted arm; (B) parts of the arm; (1). M5 screw, (2) clamp,
(3) rod.

A pin coupled with the main rod (Figure 3) consists of four elements: Stem, sleeve, clamp,
and screw.

Lo B
s
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Figure 3. Pin coupling and its elements: (A) Mounted pin coupling; (B) pin coupling elements; (1) M5
screw, (2) clamp, (3) sleeve, (4) stem.

Four apex pins (Figure 4) are used for the fixation.

Figure 4. Apex pin with a diameter of 6 mm.

2.2. Instruments Used for Application

Instruments that were needed to mount the fixator and establish fixation are as follows: (1) Drill
with changeable attachments, (2) drill bit with a diameter of 4.5 mm and a set of assembly tools (pin
inserter, bent and straight hex key used to mount clamps, and other fixator elements) (Figure 5).
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Figure 5. Assembly tools and drill bit; (1) Straight hex key, (2) bent hex key, (3) pin inserter, (4) drill bit
with a diameter of 4.5 mm.

The fixator consists of four arms placed on the main rod with previously mounted pin couplings.
Such design allows the fixation of bones with implants inserted into the bone beforehand.

2.3. Surgical Technique Used for Application of the External Skeletal Fixator

The external skeletal fixator can be applied to the affected bone under general anesthesia or in
some calm horses with a combination of sedation (standing anesthesia and nerve blockade such as the
inferior alveolar nerve). The first step of the procedure is to reposition the fractured bone and tooth.
Placement of the pins in the bone have to be done in an aseptic way and should be done very precisely
under the control of X-ray examination to avoid damaging the roots of the teeth. In young horses,
the molar and premolar teeth are quite long so the area where the implants can be inserted is really
small. To mount the fixator on the mandible, only small four stab incisions have to be performed.
Then, the radiographs are obtained, and the pin sites are chosen based on the relationship between the
teeth roots and the fracture line. To drill holes in the bone, a 4.5 mm drill bit is used. During drilling,
the sleeve should be used to protect the soft tissue. The drill bit has to be continuously flushed with a
sterile isotonic solution as to avoid thermal injury to the bone. The holes are drilled through the bone
(in both cortical parts). To provide better stabilization of the fracture, holes were created in an oblique
way considering the surface of the bone. Two implants were inserted in each fragment of the bone
through the tooth’s cortical parts with a use a special key (3 in Figure 5). After implanting all four
apex pins into the bone, the fixator is connected to the implants by using hexagonal keys (1 and 2 in
Figure 5). The completely mounted stabilizer on the mandible can be seen in Figure 6. After fixing the
stabilizer, single interrupted sutures are placed and a small bandage is applied to protect the parts of
the stabilizer from interfering with the parts of the horse box, as well as preventing contamination
(Figure 7).
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Figure 6. Equine head with unilateral external fixator used during the treatment of the mandible fracture.

Figure 7. Equine head with unilateral external fixator protected by a bandage.

3. Results

The stabilizer of such design was made according to previously prepared drawings. Stainless-steel
1H18NO9T was used to produce all elements of the stabilizer. Until now, the fixator has been used
successfully in the treatment of selected open fractures in horses (Figure 6). Two cases involving
fracture of the left mandibular body (adult horses) where the premolar and molar teeth were involved
in the fracture line, and one case of comminuted tibial fracture in a four-month-old foal. A combination
of cortical screws, fiberglass bandage, and external unilateral fixator were used for the latter.

The first case was a sport jumping horse. The stabilizer was removed after four weeks from
surgery and the horse returned successfully to sport after four months.

In the second case (leisure sport horse), the fracture was more complicated because it was
connected with comminuted tooth fracture. The stabilizer was removed after seven weeks from surgery.
The problem in this case was the remaining fistula after treatment because the fractured tooth could
not be removed straightforwardly. The decision to remove the tooth was made after six months—not
earlier, as the tooth was needed to provide good stabilization during healing. Moreover, there was a
significant risk of mandible fracture during the tooth extraction. The time for complete healing was
seven months.
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In the third case (comminuted fracture of tibia), the stabilizer was removed 10 weeks after the
surgery. The foal could walk, trot, and gallop three months after osteosynthesis. At the age of seven
months, the foal joined the rest of the horses on the paddock, and after two years, the foal began racing.
Due to the lack of significant results on the racing track, the owners changed the use of the horse to
endurance riding, which yielded successful results.

4. Discussion

External fixators are valuable for the treatment of open and infected fractures involving the
horizontal part of the mandible [5,8,9]. Like any other methods, external fixation has its advantages
and disadvantages. The following advantages offered by this fixator can be distinguished: Easy
application, easy removal, minor application- and removal-related tissue injury, small size that does
not hinder everyday functioning of the patient (drinking and eating), and the possible use in open
and infected fractures. This method ensures a good view of the wound and its possible treatment.
General anesthesia is not necessary to remove implants from the bone, while the entire fixator can be
removed in a stable, without the need to transport the patient to a clinic. The main rod, with arms and
pin couplings, is mounted at some distance so that the fixation is not too rigid, which promotes the
formation of abundant bone scarring.

On the other hand, the following disadvantages have to be taken into consideration: transmission
of infection along the implants, and implant loosening. These phenomena are rather distinct after
several weeks of treatment because this period of time is usually sufficient to achieve desired bone union.

Pinless external fixator (PEF) created by Swiss scientists has many advantages, like easy application,
easy removal, minimal soft tissue trauma, but the biggest disadvantages are its large construction, high
risk of unintended removal, and clamps loosening [8,9].

While attempting to design the fixator, the following requirements set for good fixators were
taken into account:

1. Easy application—the time needed to place the fixator should be as short as possible, which is of
great importance for the patient’s safety. The longer the patient remains under anesthesia, the greater
the risk of possible complications. In order to place the fixator, it is necessary to insert four implants
into the bone and connect them with the fixator. Four holes with a diameter of 4.5 mm have to be
drilled to insert pins into the bone. Thus, time and bone damage are not extensive. The use of an
appropriate driller for this task makes it much easier. Due to self-tapping pins, there is no need to tap
holes into the bone, which significantly shortens time. The fixator can be assembled in advance before
the surgery so that time is saved at this stage. It is mounted with pins in a rather short time provided
that appropriate assembly tools are available. In this case, application of special tools significantly
reduces time to insert the pins and to place the fixator. Its elements are external to the bone, eliminating
issues related to a small amount of soft tissue, which in turn, poses a challenge in case of plates use
(difficulties with stitching the wound and hiding the plates under the skin). Surgery is conducted at a
certain distance from the fracture site, therefore, reducing the risk of infection. Comparing the easy
applications of other fixators, the PEF is the easiest one [8,9].

2. Easy removal—it is often more difficult to remove plates and screws than to place them due
to bone scarring and lesions in the surrounding soft tissue. Removing the fixator and pins from the
bones is very easy and quick. It is worth emphasizing that no general or local anesthesia is needed.
At most, it may be necessary to sedate the patient as the sounds made by the tools may cause the
horse to become anxious. Unscrewing the individual elements of the fixator is painless, similar to the
removal of pins from bone. This is an important factor taken into account when deciding whether to
start treatment. The ultimate cost is substantially reduced and, furthermore, the patient is not exposed
to additional general anesthesia and the possible risks arising from it. The fixator may be successfully
removed under field conditions without the need to transport the horse to the clinic. Often, horses
sustain serious injuries during transport.



Appl. Sci. 2019, 9, 2624 70f10

3. Minor tissue injury related to both placement and removal. During insertion of the pins, care
should be taken mainly in young animals to avoid damage to the roots of the teeth. Radiographs
should be used to control proper placement.

4. Adjustable flexibility of fixation and possible correction during treatment. The fixator meets
this requirement in all cases. There is a possibility of the individual arms and pin couplings becoming
loose and more distant from each other. This may occur if there is abundant bone scarring formed,
interfering with the fixator’s elements. In this case, it is necessary to place the fixator further to treat
the tibial fracture. Additionally, owing to the greater distance of pin couplings, the fixator becomes
more flexible, which stimulates the formation of bone scarring at the fracture site. The flexibility was
also increased due to the reduced diameter of the main rod from 10 mm to 8 mm. This protects the
bone from its destruction to a significant extent.

5. Low weight—a fixator should not become a great burden for the patient. This is an important
feature that aids the patient’s comfort with this device.

6. The fixator cannot hinder regular functioning of the patient—fixators are often so extensive that
they are rejected by the patient as they substantially limit movement. In this case, it is mounted close to
the body so that it does not affect regular functioning. Moreover, the fixator should not interfere with
eating and drinking. A dressing that covers the fixator protects the wound against possible injuries,
contamination, and infection. In addition, this permits good access to the operated area, and wound
care is possible.

7. Easy access to the operated area and possible treatment of existing wound.

8. Good stabilization of bone fragments—being attached outside of the bone at some distance,
the fixator is not as durable as plate fixations. If the fixator is placed at a larger distance from the bone,
its durability decreases and its flexibility increases. It is not easy to achieve this goal as the fixator is
placed at a certain distance from the bone.

The best stabilization can be provided by the placement of an LCP plate at the ventrolateral site of
the mandible [13,16,17]. In this particular situation involving unilateral fracture, strong fixation is not
needed. All molars and premolars have to be present to stabilize the fracture of the mandibular body.
Therefore, even if they are broken, they should not be extracted when treatment is initiated but only
when it is completed. Good stabilization may also be achieved if pin couplings are placed as close to
the skin as possible. This is how the stress-transferring lever is shortened. In this case, pin couplings of
a new type allowed us to place them as close to the patient as possible, thereby substantially increasing
the fixator’s durability. Threaded apex pins significantly reduce the risk of their loosening in the
bone [24]. The investigation performed by some authors by coating the pins with hydroxyapatite
showed increased pin stability within the third metacarpal bone but did not improve pin performance
on clinical assessments [24]. The main reason for loosening the implants within the bone are problems
with infection and big differences of the modulus of elasticity between the implants and bone [24].
During the treatment of open fractures, it is not possible to avoid infection. The second problem
can be solved by using nickel-titanium alloys, which have relatively low stiffness (Young’s modulus
1.8-14.7 GPa) compared to that for bone (17.6-31.2 GPa). Thus, they may be promising materials for
producing new bone implants [25].

Flexibility of the fixation observed during treatment should be considered as beneficial for
the patient, promoting the formation of more abundant bone scarring and better union [26,27].
The biomechanical properties of the fixator have not been investigated but we know from practice that
the strength of the fixation is good enough for the fracture to heal. Similarly, PEF have not been tested
for mechanical strength [8,9]. Our fixator presented in this article is a part of the stabilizer dedicated
for MC III bone fracture treatment, which has been tested mechanically [23]. The tests proved that the
fixation is strong enough to allow horses to stand up after surgery [22].

9. Possible use in treatment of various fractures—universal application. The presented fixator
meets this requirement. Fixators of various sizes intended for horses can be constructed using the main
rod of various lengths. Furthermore, it can be used to treat certain long-bone fractures as an additional
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support in conservative management. The presented fixator has been already used successfully for
the treatment of comminuted tibial fracture in a four-month-old foal with the combination of cortical
screws, fiberglass bandage, and external unilateral fixator.

10. As a spatial construction, it may also be used to treat opened fractures without the risk of
transmitting infection—there is lack of direct contact of the fixator and implants at the fracture site.

Further studies are planned to investigate the acting forces during the treatment or during the
testing of the osteotomized mandible when fixated by the stabilizer. The device is ready to use and is
awaiting new patients with mandibular fractures (Figure 8).

Figure 8. A deformation recording sensor attached to the special arm.

A deformation recording sensor with an accuracy of 10 micrometers in real time is attached to the
special arm. The arm can be adapted to the current spacing. Information on deformation is transmitted
via a cable to the central unit mounted on the animal, where data can be stored or transferred in real
time to a PC via Bluetooth.

Knowledge about plasticity of the whole system obtained under laboratory conditions could
transform the deformation of the set attached to the animal to the force generated for this deformation.

In the future, the construction of a device capable for recording forces in all dimensions is
being explored.

5. Conclusions

We conclude that the presented unilateral external fixator can be a useful device for unilateral
horizontal ramus fractures in horses. All parts of the fixator can be reused once again for the treatment
of other cases. Also, pins are reusable but after several applications, it would be good to change them.
The cost of new pins is really low.
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