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6 LITERATURE REVIEW

6.1 Bone and fracture pathology

A bone’s ability to absorb forces is an inherent characteristic of the bone itself and
changes depending on the bone’s dimensions, location, species, age, sex and whether or
not bone pathology is present (1-3). Inorganic structural materials provide compression
strength and are responsible for the stiffness whereas organic components determine the
tension properties (1). Fractures occur when the force (F) exceeds the ultimate strength
of the bone and results in a complete or incomplete break in its continuity (1, 3, 4). If
the speed at which the F is applied increases, the bone becomes stronger. This
characteristic is referred to as viscoelasticity (3). Bone is classified as an anisotropic
material which means that it is stronger when loaded longitudinally compared to
transverse loading due to the osteonal and lamellar orientation (3). The fracture
morphology can vary due to F related factors (magnitude, direction, rate, aetiology and
contact area) and due to patient related factors (presence of disease, position during F
application and motion) (1, 4, 5). These factors will determine whether the forces that
lead to the fracture are compressive, tension, bending or rotational or a combination of
these (4). Fractures can further be classified depending on whether pre-existing
pathologies are present (1, 4). When disease leads to structural changes in the bone the
extent of trauma needed for a fracture to occur is less than in healthy bone. Such

fractures are known as pathological fractures (1, 4).

Direct trauma is the most common cause of fractures and occurs when F is
applied directly to the bone (4). As mentioned earlier factors related to the applied force
and the patient could change the fracture morphology. Fractures can further be
classified based on the anatomical location, whether the fracture is simple or
comminuted, open or closed and according to the length and direction of the fracture
line (6). The classification of the fracture, the forces acting on the fracture, the ability to
completely reconstruct the fracture and concurrent musculoskeletal injuries can affect

the method selected for surgical correction (6).

11
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6.2 Bone healing

Although bone can heal without surgical intervention the function of the bone can
be influenced, either primarily or secondarily, if anatomical reduction is not achieved
(3). The most important factors determining the way that fractures heal are the rigidity
of the fracture repair device, the fracture morphology, the accuracy of fracture
reduction, and the strain that occurs at the fracture ends (3, 7). Bone healing ideally
requires an inter-fragmentary strain of less than 2%. Strain between two fracture ends is
a change in the dimension of the fracture gap per unit of length of that gap. For the same
amount of movement, a smaller fracture gap will thus have a higher inter-fragmentary
strain when compared to a larger fracture gap (3, 7). During fracture healing the
excessive inter-fragmentary strain can be decreased by either the formation of callus,

contraction of muscles or by bone resorption at the fracture gaps (3, 7).

If a fracture is surgically corrected with an inter-fragmentary strain of less than
2% and an inter-fragmentary gap of less than 1 mm, primary bone healing occurs.
During this process of healing cutting cones cross the fracture gap to form new lamellar
bone oriented longitudinally to the diaphysis (3). Rigid fracture fixation is a prerequisite
for primary bone healing. In unstable fractures or unstable fracture fixations secondary
bone healing occurs and is recognised by the formation of callus during healing (7). The
process starts with the formation of a fracture hematoma and the initiation of an
inflammatory response. The inflammatory phase usually last for 3-4 days (3). Fractures
result in the disruption of the medullary blood supply and the formation of a fracture
hematoma. This hematoma is important in secondary bone healing as it precedes the
repair phase of bone healing (7). The hematoma causes the release of vascular
endothelial growth factor that stimulates angiogenesis. Together with these growth
factors, platelets in the region of the hematoma release platelet derived growth factor
and transforming growth factor-f1, which further stimulate the production of new bone
(7). Macrophages in the region of the fracture assist in the removal of necrotic bone.
The formation of new capillaries, fibroblast and the influx on mononuclear cells results
in the formation of granulation tissue (7). Granulation tissue can extend to twice its
original size before rupturing which is ideal during this phase of healing as the inter-
fragmentary strain remains high (7). Mesenchymal cells will now differentiate into

chondrocytes and osteoblast for the formation of cartilage and bone respectively. The

12
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signal to determine the formation of either chondrocytes or osteoblast is regulated by
transforming growth factor- B1 and bone morphogenetic protein (7). Mineralization of
this soft callus then starts and proceeds from the ends of the fractures to the centre of the
fracture site. The callus is now known as a hard callus. The fibrocartilage situated in the
callus can undergo either endochondral or intramembranous bone formation depending
on the amount of mechanical stability present (7). Following this phase of the bone
healing the bone undergoes remodelling during which it undergoes morphological

adaptions to regain its strength and function (7).

Primary bone healing can be divided into either contact healing, where fracture
gap is less than 0.01 mm and gap healing, in which the fracture gap is between 0.08 and
1 mm (7). In both of these scenarios the prerequisite for primary bone healing is an
inter-fragmentary strain of less that 2%, and thus rigid fixation is required. In primary
bone healing the initial phases of bone healing is skipped and lamellar bone formation
and Haversian remodelling occurs from the beginning (7). When a fracture gap of
between 0.01 mm and 1 mm exists the fracture gap fill up with lamellar bone. By the
third week Haversian remodelling starts during which osteons start crossing the fracture
gap (7). In contact healing no inter-fragmentary lamellar bone formation occurs and

osteons cross the fracture directly cross (3).

The ideal fracture fixation method should allow for fast uncomplicated healing
with rapid return to function, with the function equivalent to the prefracture state. Semi-
rigid fracture fixation techniques result in secondary healing and a decrease in the time
till radiographic healing (8). Although no study exists in veterinary medicine comparing
the time radiographic union using rigid and semi-rigid fixation methods for mandibular
fractures, other factors (see anatomic considerations) might influence the selection of

implants.

13
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6.3 Forces acting on the mandible

Contraction of the temporal, masseter and medial pterygoid muscles, during
eating or biting, will result in a dorsal displacement of the mandibular body due to
caudal movement of the coronoid process (9). Contraction of the digastricus muscle on
the other hand will result in ventral movement of the mandibular body, thus opening of
the mouth (9, 10). The digastricus muscle originates on the paracondylar process of the
occiput and inserts over a distance of approximately 2.5 cm on the ventromedial border
of the of mandible. The insertion extends up to the level of the canine tooth (10).
Bending forces (dorsoventral direction) due to the contraction of the masticatory
muscles are the primary forces acting on the mandibular body during mastication and
biting (9, 11). Lateral bending, compressive and torsional (due to the scissor bite/dental
interlock) forces are negligible (9).

During closure of the mouth the alveolar margin is under tension whereas the
ventral aspect of the mandible is under compression (9, 12-14). Implants offer more
resistance to bending if placed on the tension surface of a bone and thus the preferred
site of placement of implants is on the alveolar margin (13).

During biting extreme forces can be generated (147 N to 946 N at the level of
the canines) (15). The high forces, limitations on the type and size of implants (due to
decreased bone stock) and all the abovementioned factors may complicate mandibular
fracture repair and healing and can explain the high complication rate reported (34%)
(16).

It is the researchers opinion that the forces acting on the mandible are import to
consider when selecting a method for biomechanical testing. A testing method that

closely mimics the scenario post fracture fixation should be selected.

14

© University of Pretoria



&
UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

Que# YUNIBESITHI YA PRETORIA

6.4 Biomechanical testing

Mechanical testing of bone can be done in compression, torsion, tension, bending
or a combination of these (17). Bending tests evaluate the strength of a bone when bent
about its long axis (17). Different methods of bending tests exist and include four point,
three point and cantilever bending tests (17). Four point bending tests involve the
application of “force couples” which is the application of paired forces parallel to each
other in opposite directions (Figure 6.1). Fractures that occur as a result of the forces

applied during this test, will occur at the weakest point of the bone (17).

™ ™

(. i

Figure 6-1: Schematic illustrating a 4-point bending test where two paired

forces are applied in opposite directions.

In the three point bending test three forces act on the bone, with the resultant
fracture at the area where the central F is applied (17) (Figure 6.2). Cantilever bending
test on the other hand involves the rigid fixation of a bone specimen on the one end and
the application of a F on the opposite end (Figure 6.3). It is the researcher’s opinion
that cantilever testing reflects the normal forces acting on the mandibular body during
biting, chewing and eating more closely compared to other biomechanical testing

methods.
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Figure 6-2: Schematic illustrating the 3-point bending test where one

unpaired force and one paired force is applied in opposite

directions.
H
*
Figure 6-3: Schematic illustrating a cantilever bending test. The specimen is

fixed to the one end (asterisk) and a load at the opposite end.

Bending forces are commonly referred to as moments. The moment (M) is the
turning effect produced by the applied force applied a distance away from a fixed point.
The moment during cantilever testing is a product of the force and the distance from the
point of fixation to the point where the force is applied (18). The M ranges from zero at
the point where the F is applied to the maximum at the area were the bone is fixed or at
the location of the osteotomy (17). During cantilever testing a load transducer mounted
to a single linear actuator is used and is mostly under control of a servovalve
(servohydraulic unit) (19). During testing the actuator rod moves down and places the
specimen under compression (19). Controller units are used to control the rate of

displacement during constant loading (19).

Before testing the samples need to be fixed with a “potting” agent especially
when the samples have an irregular shape. “Potting” of the sample will allow for
adequate fixation during testing and prevent movement when the F is applied (19).
Polymethyl methacrylate (PMMA) is a good choice as “potting” agent as it allows
ample time for positioning during the time that it takes to harden (8-10 minutes) (19).

When dry, PMMA has a compression strength of 55 megapascal and volumetric
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expansion of 0.12% which will result in insignificant biomechanical alterations during
testing (19). Multiple factors like the conformation of the osteotomy, distance of
osteotomy to the area where the F is applied, width of the bone at the osteotomy,
loading rate, testing preparation and storage of the specimens can alter biomechanical
properties of bones (20-25). Ideally, testing should be done under controlled
environmental conditions consisting of a temperature of 24°C with a relative humidity

of 40-90% (26).

Force-displacement curves of materials are used to help define and calculate the
mechanical properties of that material (Figure 6.4) (27, 28). In biomechanical studies,
the direction of the F determines the direction of displacement/deformation and can
easily be read off the x-axis of the force-displacement curve (Figure 6.4). Changes in
the displacement/deformation of the bone are measured by the displacement of the
actuator (18). Care should be taken when directly correlating the force with
displacements, as decrease stability of specimen fixation and the mechanical properties

of the “potting” material used for fixation to the testing system can influence the

displacement (29).
50.00 2.00
Preloading phase
0.00 ¥ 0.00
R 2 31 a1
50.00 \ Elastic S 2,00
100.00 i 4.00
-150.00 600 E
3
Z -200.00 800 5§ e
— E orce
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Yield point ——» ‘t;:
300.00 12.00 g
-350.00 -14.00
Fracture point
-400.00 -16.00
450.00 Ultimate load ——» -18.00
-500.00 -20.00
Figure 6-4: Typical load-deformation curve during cantilever bending

The applied F that results in an external effect (change of velocity) or an

internal effect which is a change in the shape (deformation) of the body (18). Forces
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have magnitude, direction and a point of application (18). The unit for F is Newton,

where one Newton equals the F needed to accelerate 1 kg at 1 m/sec” (18).
The equation for F is mass multiplied by acceleration.
F=MxA

Commonly in the initial part of the force displacement curve a horizontal line can be
appreciated. During this phase displacement occurs with no force recordings. This phase
in known as the preloading phase of the force displacement curve and is defined as the
period until the load transducer (attached to the actuator) starts to engage the specimen

(18) (Figure 6.4).

As aload is applied to the construct placed in the testing machine the construct
will start to deform. If the load is removed and the construct returns to its original shape
it is known as elastic deformation. As the load increases a point is reached where the
material starts to deform plastically. This implies that even after the removal of the
force the material would be permanently deformed (18). The point where the elastic
behaviour of a material changes to the plastic behaviour is known as the yield point,

from where the force-displacement curve has a shallower incline (18).

Stress (o) is related to inherent characteristics of the bone/implant, for instance
the microscopic architecture of bone, and defines the resistance that the bone/implant
provides against the F that is acting on it (18). The stress might differ depending on the
microscopic architecture of bone. Stress is equal to the amount of F applied per unit of
surface area over which the F acts if the specimen is placed in either compression or
tension and is measure in either N/m? or Pascal (18, 30). The ultimate strength/stress is
defined as the maximum amount of F that a material can withstand and is characterised
by the peak of the stress-strain curve (18). Ultimate stress (stress at construct failure)

during bending is calculated with the formula: (31)
o=MyI

In this formula My= the y moment and I= second moment of area. To calculate stress

and ultimate stress the precise surface area over which the F act should be known (18).
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The ultimate force, which is the load at which failure occurs, is equivalent to the

ultimate stress on the force-displacement curve. The unit for ultimate force is N (18).

The amount of change in dimension (AL) per unit area of length of the bone (L)
is termed strain (£) and is equal to deformation (change in dimension) of the bone in the
direction in which the F is applied (18). Strain can also be termed normalised
displacement and due to the strain being the ratio between two lengths it has no units
(18, 28, 30). Strain is negative when the bone is compressed and positive if the bone is
placed under tension (18). The ultimate strain (€,y) is the strain calculated at the time off

fracture/failure (18).
E=AL/L

The M occurs when an off axis F is applied a distance away from the point of
rotation of that object. The outcome of the applied M is the internal effect resulting in
strain (18). The M is represented by the F multiplied by the distance (d) from the centre
of rotation of the object to the point of application of that F. The unit for M is Nm.

M=Fxd

The stiffness of a material on the other hand is the resistance that the body offers
to deformation (18, 32). Stiffness is the ratio between the F that is applied to a body
within the elastic phase of the force-displacement curve divided by the displacement (d)

in the corresponding phase of the curve (18).
S=F/d

The elastic modulus (E) of a material is defined as the ratio between the stress
and the strain values in the linear region (elastic phase) of the stress-strain curve. The
elastic modulus of biological tissues cannot be calculated because they do not have a
true linear phase due to the non-linear characteristics of the fluid in them and hence do
not obey Hooke’s law (18). Hooke’s law states that the F needed to extend/compress a

spring by a certain amount is proportional to that amount (18).
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6.5 Collecting and storage of bone specimens for biomechanical testing

In the post mortem period tissues in the body undergo different rates of
decomposition of which skeletal structures and the heart are some of the last to
decompose (33). Decomposition involves two processes, namely putrefaction and
autolysis (34). Putrefaction involves bacteria and fermentation whereas autolysis is the
breakdown of tissue due to chemical processes related to intra cellular enzymes (34). A
magnitude of factors like species, general health status, presence of gastrointestinal
contents, cause of death, body temperature at death, environmental conditions and
position in the post mortem period determine the rate of progression of post mortem
decomposition (33). This is an important consideration in the use of post-mortem
specimens as autolysis and putrefaction occurs within hours of collection and may

affect the biomechanical properties of bone (27).

Bone harvesting post mortem should be done with great care since small cuts
may inadvertently be created into the bony surface (35). These small cuts can act as
points of stress concentration during subsequent mechanical testing (35), while on the
other hand, incorrect handling can also lead to falsely improved mechanical properties.
Another factor to consider is that tissues, even bone, will easily dehydrate during
harvesting and testing if no special measures are taken. Drying of bone will also

increase the modulus of elasticity and increase the tensile strength (21).

It has been established that bone can be stored at -20°C without any significant
alterations in the biomechanical properties, as long as the surface hydration of the bone
specimens is maintained by wrapping it in 0.9 % saline soaked swabs (36-39). It is not
known whether all the collagenase and protease activity in the bone stops during
freezing but previous studies have shown that freezing bony specimens for a period of 8
months does not significantly change the mechanical properties (38). More extended

periods of storage of canine bones have not been studied.

It is advisable that specimens are thawed in 0.9% saline at room temperature for at
least 3 hours prior to mechanical testing (26). Collagenases and proteases in the bone
can be reactivated during thawing, therefore, biomechanical testing should commence

immediately after the thawing cycle has been completed (26).
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6.6 Anatomical considerations

The unique anatomy of the mandibles commonly challenges surgeons during
fracture fixation (40). Anatomically, mandibles differ considerably from long bones.
The alveolar canal is located in the ventral third of the mandibular body and contains
the inferior alveolar nerve, the mandibular alveolar artery and the mandibular alveolar
vein (Figure 6.5 and 6.6) (41, 42). The mandibular alveolar artery provides the main
blood supply to the teeth and the alveolar bone (41-43). Fracture of the mandible will
mostly result in severance of the mandibular alveolar artery (42). The vascular support
to the fracture fragments from the surrounding soft tissues (muscular attachment and
periosteum) is thus of paramount importance in the post fracture period (42, 44).
Surgical techniques that aim for precise anatomical reduction requires extensive
stripping of the soft tissue off the bone to allow access to the fracture fragments and to
the mandibular body for fixation, which can significantly affect the fracture prognosis
(14). Multiple large foraminae are present in the mandible. These foraminae are located
on the rostrolateral (mental foraminae) and caudomedial aspects (mandibular foramen)
of the mandibular body and can complicate the placement of fixation systems (14, 41).
Screw placement in these foramina can result in the inadequate/loss of cortical fixation.
Additionally teeth possess varying sizes, shapes, length and number of roots (depending
on their location) that occupy the mandibular body and incisive bone (41). These tooth
roots can extend ventromedially for 45-70% of the mandibular body and thus limit the
safe corridors for fixation system placement in the mandible (42). The anatomical
characteristics of the mandible limit the options for implant placement by a novice
surgeon (16, 48).

Further complicating the management of mandibular fractures is the fact that the
majority of these fractures (85%) of the mandibular fractures involves the alveolus of a
tooth (16). In pathological fractures where peri-apical lesions are present and in loose
teeth as a result of the trauma; teeth need to be removed at the expense of fracture

stability (40).
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Figure 6-5: Caudorostral view of the rostral part of the mandible after
osteotomy between the first molar and fourth premolar. The
mandibular canal (dashed circle), the caudal tooth root of the
fourth mandibular premolar (blue arrows) and the mandibular

artery (black arrow) are visible.

Accurate anatomical reduction is of great importance to prevent postoperative
malocclusion as malalignment of 2-3 mm caudally can result in a failure of rostral
closure by up to 1 cm (45). Malocclusion can lead to serious consequences like patient
discomfort, tempero-mandibular joint arthritis and arthrosis, oral mucosal damage,
fistulation, and difficulty in eating (46). The abnormal bite can also predispose the
animals to tartar build up and subsequent periodontal disease (46).

Post operatively patients can experience exposure of bone plates if the plates are placed
to far dorsal on the mandibular body due to the limited soft tissue coverage (46).
For the same reasons the majority of cases (72%) of mandibular fracture are open (9,

16, 47).
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Figure 6-6:

Representation of a canine mandible indicating the course of the

inferior alveolar nerve (yellow) and the mandibular alveolar

artery (red) in the mandibular canal.
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6.7 Aetiology, signalment and classification of mandibular fractures

Mandibular fractures occur in 1.5-6% of all patients that present with fractures
and occur mainly as a result of road traffic accidents (RTA), fall from heights, projectile
injuries, unknown trauma and dogfights (16, 49-51). Dogfights and RTA are the most
common causes of mandibular fractures accounting for between 19.1-43% and 12-52%
of cases respectively (16, 51). Pathological mandibular fractures usually occur in older
small breed dogs as they have more severe periodontal disease that can lead to alveolar
bone resorption, tooth loss and root pathology (52). The most severe periodontitis and
periapical pathology is found in the mandibular molar region (53). In elderly toy breeds,
considerable osteoporosis usually precedes fractures through an infected alveolus (13).
This can lead to tooth loss and tooth root pathology, potentially predisposing dogs to
mandibular fractures in this region even with minor trauma. The mandibular first molars
of small breed dogs, compared to large breeds, are larger relative to the height of the
mandible (their roots extend ventral to the mandibular canal) (52, 53). Due to the
conical shape of their tooth roots, disruption of the proximal 5 mm attachment support

potentially causes disruption of 44.6% of its attachment area (54).

Nearly half of the patients that present with traumatic mandibular fractures are
dogs less than 12 months of age (16, 51). Young male dogs are overrepresented and this
has been attributed to inexperience and roaming (16, 51). Male dogs are more
aggressive and territorial, which can lead to scenarios more conducive to mandible
fractures, contributing to the higher incidence in males (60-66%) when compared to

females (16, 51).

Mandibular fracture were described in the symphyseal region in 15-22%, the incisive
region in 5%, the canine region in 9%, the premolar region in 17-31%, the molar region
in 18-47%, the ramus region in 5-17%, and the condylar region in 5% of the cases
presented in two large studies (16, 51). The variations in percentages between the two
studies may be the result of regional breed differences. Anatomical location and
conformation of mandibular fractures can play an important role in the selection of
treatment methods. In humans, these factors have been shown to aid in prognostication

associated with the outcomes of surgery (42, 55). Although previous retrospective
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studies of oral fractures in dogs exist, none describes the fracture morphology in detail

(16, 51).

Fracture morphology depends on the aetiology as well as patient factors but also
depends on the characteristics of the applied F, such as direction, the speed at which it is
applied, the amount and nature as well as the spatial relation of the bone to the force. In
humans, anatomical characteristics like the strength of anatomical regions of the bone,
the size and shape of the bone and muscle attachments is known to influence the

morphology of mandibular fractures (5).
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6.8 Mandibular fracture repair techniques

Mandibular fractures can be treated by conventional osteosynthesis techniques,
minimally invasive or by non-invasive methods (40). The mechanical properties of the
fixation devices plays an integral role in the eventual outcome (6). Fixation devices
should be able to support the load across the fracture line until the bone has regained
sufficient strength (6). The extent to which the implant supports the bone can differ
ranging from absolute stabilisation to biological stabilisation. With absolute
stabilisation the inter-fragmentary strain is less than 2% and with a limited inter-
fragmentary gap <1 mm primary bone healing results and thus no callus formation e.g.
fracture compression with plate fixation. Biological stabilisation on the other hand
allows for a less rigid fixation, a larger inter-fragmentary strain and thus callus
formation (7). Examples of fixation methods that allows for biological stabilisation
include external skeletal fixators. The amount of callus that forms depends on the inter-
fragmentary strain. Larger strain equals greater amount of callus formation (7).
Interdental splints can also be considered as a type of external skeletal fixator. The
choice of fracture fixation method will depend on the fracture type and site (fracture
classification), the patient age and size, the disease status, the quality of bone and the
expected postoperative patient activity and owner compliance (6, 9, 13, 42, 55, 56). The
most common conventional surgical techniques for mandibular fracture repair in small
animal include interosseus wires, external skeletal fixation and plate osteosynthesis (12,
57-61). The techniques differ considerably but should ideally aim to achieve: fragment
stabilisation, dental occlusion by precise anatomical reduction, early return to function,
avoidance of excessive perifractural soft tissue elevation/disruption, removal of diseased
teeth in the fracture line and prevention of tooth root damage during placement of
fixation devices (42, 46, 62). Unfortunately, except for fragment stabilisation,
conventional mandibular osteosynthesis procedures do not always meet all these
requirements (56). Implants placed too dorsal on the mandibular body will result in
tooth root damage or plate exposure by erosion through the oral mucosa. In addition,
inadequately contoured plates can result in displacement of the fracture fragments with

resultant occlusion problems.

The high incidence of iatrogenic trauma has lead to the selection of non-invasive

repair techniques by some in an attempt to provide fracture stabilisation while avoiding
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the disadvantages inherent to conventional fracture fixation techniques (42, 56).
Interdental composite splint and interdental wiring are examples of non-invasive
surgical techniques (56). By using such techniques surgeons can greatly decrease the
surgical time, retain occlusion, save costs and attain a more rapid return to function (42,
56). Non-invasive techniques also limit the damage to the structures in the mandibular

canal and tooth roots (42, 56).

Interdental wiring is an established non-invasive intraoral fixation technique
used to treat simple mandibular and maxillary fractures where the dentition and eruption
patterns are normal (56). Interdental wiring involves the application of a wire in loop
fashion around the crowns of intact teeth rostral and caudal to the fracture line (13, 14).
A variety of interdental wiring techniques (almost always used in combination with
intraoral splints) have been described in companion animal patients and includes the

Erich arch bar, Stout loop, Ivy loop and Risdon wiring (9, 20, 63).

The most commonly used technique, the interdental Stout loop technique, relies
on the incorporation of at least two teeth rostral and two teeth caudal to the fracture line
(14). During its application a wire is passed through the most caudal diastema and the
one end of the wire is then drawn rostrally along the buccal aspect of the teeth to be
included. The other end is kept longer and is passed from the lingual aspect through
each interdental space of the pair of teeth adjacent to the fracture site, dorsal to the wire
on the buccal aspect and then passed back via the same route ventral to the wire. The
loops formed in the diastema on the buccal aspect are twisted to tighten them. The two
free ends are twisted close to the gingival margin and cut (45, 64) (Figure 8.6). Dorsal
slippage is inevitable in most small animals due to the conical shape of the teeth (base
of the crown being the largest diameter) (9). Subgingival wire placement of the wire has
also been recommended to prevent the dorsal slippage (14, 56). This results in
postoperative gingivitis and patient discomfort due to soft tissue impingement (56).
Others have advocated notching the crowns using a dental burr to overcome the
anatomical hurdle, where the trough created with the burr will prevent the wire from
slipping (14, 45). Notching is not recommended as it can lead to calculus and plaque
accumulation in the postoperative period which predisposes patients to periodontal

pathology (9).
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The disruption of the gingiva, the gross interference with the periodontium and
the technical difficulties in their application, however, puts in question the use of these
non-invasive techniques’ clinical use in small animal surgery. Other non-invasive

techniques without these potential disadvantages are sought.

Interdental splinting is a non-invasive intraoral technique in which a resin is
used to stabilise mandibular fractures (56). Prior to application of the composite, the
teeth are polished using flour pumice and acid etched on both lingual and buccal aspect
using 37% phosphoric acid (55). After 20 seconds the entire etched surface is rinsed
with water and air-dried (55). The composite is then applied to the teeth of the mandible
including at least two teeth rostral and two teeth caudal to the fracture (56). The material
can be placed on both the lingual and buccal aspects of the premolar teeth but in the
region of the 4™ maxillary premolar and first mandibular molar the splint should be

transitioned to the lingual aspect as not to interfere with the normal “scissor bite” (56).

Bis-acrylic composites are the current materials of choice for interdental
splinting as they provide additional patient benefits when compared to the methacrylate
based acrylics (56, 65, 66). The low exothermic temperature reaction (35.6°C) results in
no concerns for pulpal damage as with methacrylate products (65). The composite is
conveniently mixed during extrusion with no noxious monomer fumes (56, 66).
Furthermore these products are less porous and require no polishing after application
and therefore the increasing the efficiency of plaque removal resulting in improved

gingival health (66). Overall patient comfort is improved (66).

Potential complications of interdental wire and interdental splinting techniques
include slippage of the wire (that can lead to bone resorption), infection, wire breakage,
non-union, malocclusion, interference of the wire with dental occlusion, laceration of
oral soft tissue, acrylic breakage, gingivitis and oral ulceration (14, 46, 67). Other
disadvantages are damage to periodontal tissue and teeth during placement, after

placement and at removal (14, 68).

Notwithstanding the drawbacks of the current non-invasive techniques the
advantages of using these methods outweigh their potential disadvantages. These

techniques are cost effective, preserve the tooth roots and neurovascular structures,
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decrease surgical time and postoperative return to function and they are
biomechanically more sound techniques since the fixation device is placed on the
tension side of the mandible (14, 42, 56, 69). By combining interdental wiring and
interdental splinting (also called reinforcing of the composite splint) the construct will
provide superior strength in bending, compared to any of the techniques alone (20, 56).
One biomechanical study has been performed on canine mandibles to evaluate the
bending strength of various interdental fixation techniques (20). It was concluded that
the ultimate strengths of the interdental fixations decreased in order from Erich arch bar
with acrylic, Stout loop with acrylic, Acrylic alone, Stout loop interdental wire to Erich

arch bar (20).
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7 INTRODUCTION

There are few studies that have looked at the incidence of mandibular fractures in
dogs (16, 51), and no information exist the most commonly encountered fracture
conformations. Biomechanical testing data on mandibular frature fixation methods in

small animals are lacknig.

Many techniques used to correct mandibular fractures in dogs rely on the bone
for the placement of fixation devices (11, 12). This can potentially result in damage to

the tooth root and neurovascular structures in the mandibular canal (56).

Interdental splinting techniques are difficult to place in dogs because of the large
interdental space and the absence of a supragingival “neck” when compared to humans.
Technique modifications are therfore needed that have similar mechanical properties but

are adapted to the canine anatomy.

The study will consist of two parts. Data collected from the initial part of this
study will be used to select cadavers for mandible collection. These mandibles will be
used in the second part of the study to describe a novel reinforced interdental composite
splinting technique, the reinforced interdental crossover composite splint (RIC). This
novel technique will then be comapred biomechanically to a existing technique, the

reinforced interdental Stout loop composite splint (RIS)
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7.1 Aims of the study

The aims of the current study are to describe the morphology of fractures and
signalment of patients presented with mandibular fractures to a referral practice in South
Africa. The data collected will be used to create a fracture model using the most
commonly encountered fracture morphology and location. This model will be used to
compare the biomechanical properties of a novel, non-invasive mandibular fracture
repair technique for dogs, the reinforced interdental crossover composite splint (RIC) to

an existing technique, the reinforced interdental Stout loop composite splint (RIS).

7.2 Hypothesis

The null-hypothesis is that there is no biomechanical difference when comparing
the reinforced interdental crossover composite splint to the reinforced interdental Stout

loop composite splint
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8 MATERIALS AND METHODS

8.1 Retrospective study on mandibular fractures

The case records and radiographs of dogs with mandibular fractures that were
presented to the Dentistry and Maxillofacial Surgery Clinic (DMSC), Onderstepoort
Veterinary Academic Hospital (OVAH), South Africa between January 2001 and

December 2009 were reviewed retrospectively.

Data recorded from the patient files included sex (entire or neutered), age
(months), weight and breed. Information recorded in the patient files was used to
determine whether the fractures were open or closed. Aetiological factors were
classified as dog fights, RTA, unknown, pathologic or other. All pre-operative
radiographs were evaluated by the researcher and the data recorded from the
radiographic re-evaluation included the anatomical location (Figure 8.1), fracture
conformation, unilateral or bilateral involvement, tooth roots in the fracture line,
displacement, fracture stability and radiographic evidence of pre-existing pathology

(Table 8.1). Patients with incomplete patient records were excluded from the study.

Figure 8-1: Lateral radiograph depicting the anatomical zones. 1. Incisive
region, 2. Canine region, 3. Premolar region, 4. Molar region, 5.

Ramus region, 6. Condylar region.
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Fracture classification used to classify mandibular fractures.

Classification Description
Location
Symphyseal region Separation of the synchondrosis intermandibularis.

Incisive region

Fracture involving the pars incisiva of the mandible lateral (distal) to the synchondrosis
intermandibularis and rostral to the periodontal space of the canine tooth on the margo dorsalis.

Canine region

Fracture originating in the periodontal space of the canine tooth.

Premolar region

Fracture originating from periodontal space of the first premolar tooth on the margo dorsalis and
distal to, but not including the periodontal space of the first molar.

Molar region

Fracture originating from the rostral aspect of the periodontal space of the first molar extending along
the margo dorsalis of the mandible to an area that includes the periodontal space of the third molar on
its distal aspect.

Ramus region (coronoid
and angular process)

Fractures involving the ramus mandibulae extending from an area distal to the periodontal space of
the third molar but not including it and excluding the processus condylaris.

Condylar region

Fractures involving the processus condylaris of the mandible.

Fracture type*

Transverse Fracture line perpendicular to the long axis of the bone (47).

Oblique Fracture at an angle to the long axis of the bone. Oblique fractures can be sub classified as long-
(fracture length more than about twice the width of the bone) and short (fracture length less than twice
the width of the bone) oblique (47).

Comminuted Fracture in which there are several fragments and the fracture lines communicate (47).

*Fractures in the ramus region and condylar region are classified based on the fracture line direction in relation to the mandibular
body. The length of the fracture line is based on the dorsoventral mandibular body width just rostral to the mesial root of the first

mandibular molar.

Fracture distribution

Unilateral

Fracture(s) involving a single mandible or with multiple unilateral mandibular fractures.

Bilateral

Fracture involving both mandibles, or a single unilateral mandibular fractures in combination with
symphyseal separation.

Open or closed fractures

Open Clinical history revealed whether these fractures were open i.e. one in which there is a skin or mucosal
wound over the fracture location (47, 55).
Closed Clinical history revealed whether these fractures were closed i.e. one in which there is no skin or

mucosal wound over the fracture location (47, 55).

Involvement of tooth roots

Yes

Fracture extending through the periodontal space of tooth/teeth.

No

Fracture not extending through the periodontal space of tooth/teeth.

Fracture stability

Relatively stable

Fracture where the fracture line runs in a rostroventral direction (55).

Relatively unstable

Fracture where the fracture line runs in a caudoventral direction (55). This groups also includes
comminuted and transverse fractures.

Displaced fractures
Yes There is a change in the axis, step off or no contact along the fracture lines (70).
No There is no change in the axis or step formation between the fracture lines (70).

Pathological fractures

The fracture occurred as a result of minimal or no traumatic force and the dental radiographs showed
the presence of alveolar bone lysis, osteopenia, osteomyelitis or neoplasia.
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8.2 The comparative biomechanics of the reinforced interdental crossover
and the Stout loop composite splints for mandibular fracture repair in
dogs
A case controlled observational study was performed on the mandibles of 6 small

breed dogs (<10 kg) between 6 and 12 months of age. All dogs were euthanised for

reasons unrelated to this study. The Animal Use and Care Committee of the University
of Pretoria approved the study (V024/11) and owners gave written consent for study and

research purposes (Addendum 1).

8.2.1 Specimen collection and storage

The mandibles were harvested within 12 hours of euthanasia. Initially they were
inspected visually for any crown and eruption pattern abnormalities (including the
presence of deciduous teeth). If the history of the patients indicated that they were
euthanised due to suspected or confirmed infectious diseases, the mandibles were
harvested in the pathology building, OVAH. After disarticulation the mandibles were
radiographed to evaluate for and ensure the absence of fractures, bone pathology and
tooth root abnormalities. Radiographs were performed using a fixed rotating anode x-
ray machine (Polymath 50, Siemens AG, Erlangen, Germany) with a focal spot to film
distance of 115 cm (without a grid). The x-ray machine was be set to a kilo voltage peak
(KVp) of 45 and milli-ampere seconds (mAs) of 5. The mandibles were positioned for a
lateromedial radiograph. The images were acquired using computed radiography
(Fujifilm, Tokyo, Japan) and the images were enhanced for optimal quality (Addendum
2). All the mandibles were stripped of all soft tissue except for the gingiva. During
preparation the mandibles were frequently irrigated with 0.9% NaCl (Freeflex saline
0.9%, Fresenius Kabi, Gauteng, South Africa) to prevent desiccation. Before storage all
the teeth were scaled using an ultrasonic scaler (Woodpecker UDS-K, Hongtaiyand
Dental Instruments Co. Ltd., China). Each pair of mandibles was randomly assigned to
one of two groups (group A and B) by the flip of a coin, wrapped in a 0.9 % saline
soaked swab and vacuum-sealed in a plastic bag. The bags were permanently marked

with the patient details, group number; and stored at -20°C until testing (39).
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On the day of mechanical testing the mandibles were thawed and rehydrated by
submersion in 0.9% NaCl for 5 hours at room temperature. During preparation and

testing the mandibles were constantly irrigated with 0.9% NaCl to prevent desiccation.

8.2.2 Specimen preparation

A moulding block welded from 2.5 cm square tubing metal was used to imbed
the caudal segment (condylar, coronoid and angular processes) of each mandible in a
2.5 cm x 2.5 cm x 9 cm block of polymethyl methacrylate (PMMA) (Polymethyl
methacrylate, Melodent Dental Laboratory, Springs, South Africa) (Figure 8.2). The
condylar process of each was placed in contact with the floor of the mould, which was
filled with PMMA to ensure the distance from the region between the 3rd incisor and
the canine to the surface of the PMMA was equal for both mandibles in a pair. The
mandibles were aligned during curing of the PMMA with the alveolar surface
positioned at 90 degrees in relation to the horizontal plane and 15 degrees lingual in

relation to the vertical (Figure 8.3 a, b) using wooden templates.

Figure 8-2 a,b: Specially designed mould viewed from the side (a) and from the
top (b) The condylar , the coronoid and the angular processes of
the mandible will be moulded into a polymethyl methacrylate
block after positioning it in the crypt between the two vertical

uprights (black arrow).
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Figure 8-3 a,b: The caudal segment of the mandible was fixed in a polymethyl
methacrylate block (*) and positioned in a metal jig. The position
of the mandible in the polymethyl methacrylate was such that the
teeth formed a 90-degree angle with the horizontal plane (a) and
15 degrees towards the medial plane (b). Note that in both
photographs the teeth are covered in 37% phosphoric acid (blue
colour). The black arrow indicates the location and direction were

the force was applied during testing.

In every bone a partial osteotomy was created in the diastema between the 4™
premolar and the 1** molar using an electric drill (Dremel, Robert Bosch Tool
Corporation, Illinois, USA) and a diamond disc (24 mm diameter and 0.35 mm thick)
(Dental diamond cutting disc, Ritodental, China). The osteotomies were made
perpendicular to the long axis of the mandibular body and extended from the alveolar

margin ventrally for two thirds of the dorsoventral height.

The RIC was applied to the right mandible whereas the RIS was performed on
the left mandible in all patients belonging to group A. The opposite was true for the

patients in group B.

Prior to application of the interdental wires the teeth were polished using flour pumice
and acid etched on both lingual and buccal aspect using 37% phosphoric acid (Best-
Etch, Vista dental products, USA). After 20 seconds the entire etched surface was rinsed
with water and air-dried. The principle researcher conducted all procedures; he did not
have previous experience in interdental wiring nor splinting techniques. Touching of the

etched surfaces was avoided prevent contamination of the etched surface (68).
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8.2.2.1 Reinforced interdental composite splint (RIC)

For all the mandibular fractures undergoing the RIC, a primer and bonding agent
(Prime and Bond, Dentsply Int. Inc., USA) was applied on the buccal aspect (close to
the gingival margin) of all teeth from the canine to the 1* molar (excluding the 1*
premolar) using a micro brush. The sites of bonding agent application corresponded to
the proposed locations of the compomer “buttons” on the buccal aspect of the teeth. The
bonding agent was light cured using a curing light (LA 500 Blue Light, Apoza,
Enterprise Co. Ltd., Taipei, Taiwan) for 10 seconds. A “button” (approximately 1.5 mm
x 3 mm) of compomer (Dyract, Dentsply Int. Inc., USA) was placed onto the bonding
agent and light cured for 40 seconds. The function of these “buttons” was to prevent
dorsal slippage of the interdental wire (Figure 8.4). A 25-gauge stainless steel wire was
placed through the diastemas of the 1* and 2" mandibular molar so that the free ends of
the wire extended rostral beyond the mandibular incisor teeth. The wire was then
advanced rostral on the lingual and buccal aspect (ventral to the “buttons”), crossing in
the diastemas between subsequent teeth (excluding the 1% premolar) (Figure 8.5). The
free ends of the wire were twisted on the lingual aspect (close to the gingival margin) of
the canine until the wire was tight (without causing collapse of the osteotomy gap). The
ends of the wire were then cut leaving 3 to 4 turns and bent flat against the gingival

margin.
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Figure 8-4: Prepared and fixed mandible showing the areas where the
compomer has been applied to create small ‘“buttons” to prevent
the wire from slipping in a dorsal direction. Note that initially the
osteotomy was only made through the dorsal two thirds of the

mandibular body.

The BAC (Protemp 4, 3M ESPE dental, Seefeld, Germany) was applied on the
lingual and buccal aspects of the teeth from the 1* molar to canine. Only a small
amount, just to cover the wire, was applied to the buccal aspect of the 1* molar and the
canine teeth. The BAC canister was weighed just before and immediately after

application and the amount of acrylic used was recorded.

Figure 8-5: Reinforced interdental crossover technique before the application
of the bis-acrylic composite. Note the small ‘“buttons” of
compomer just dorsal to the interdental wire (black arrows). The

osteotomy (white arrow) has not been completed yet.
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After curing application of the BAC for 5 minutes, the osteotomy was completed
(ventral third) and the mandible was submersed in a 0.9% NaCl solution until testing.
The time from the start of each technique until the end of the BAC application was

recorded for each mandible.

8.2.2.2 Reinforced interdental Stout loop composite splint (RIS)
The technique for application of the RIS has been described previously (45, 64).

In short, a 20 G hypodermic needle was used to assist the passage of a 25 G wire
subgingivally in the diastema between the 1% and 2" molar. One end of the wire was
placed along the buccal aspect of the teeth from the 1* molar to the 3" incisor. The
other end was left longer and passed from the lingual aspect through the diastema of the
4™ premolar and the 1% molar dorsal the wire on the buccal aspect. It was then passed
back via the same route ventral to the wire (always subgingivally using a 20 G
hypodermic needle). The loop formed in the diastema on the buccal aspect was twisted

clockwise to tighten it (without causing collapse of the osteotomy gap) (Figure 8.6).

—

Figure 8-6: Interdental Stout loop wire pattern before the application of the
bis-acrylic composite. The osteotomy (white arrow) has not been
completed yet. Note the frosted white appearance of the teeth post

acid etching.

These steps were repeated for each interdental space and ended off by twisting the two
free ends on the lingual aspect of the canine (close to the gingival margin). The ends of

the wire were cut leaving 3 to 4 twists and bent flat against the gingival margin.

The application of the bis-acrylic composite (BAC) was identical to the RIC.
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8.2.3 Biomechanical testing

A custom made jig (Figure 8.7Error! Reference source not found.) fixed the
PMMA block to a single column testing machine (Schenck PM 250, Schenck Itd.,
Warwick, UK) (Figure 8.8). A S-shaped load transducer (error +/- 0.03% of total load)
was mounted to a linear actuator rod under control of a servovalve (servohydraulic
unit). During testing the actuator rod (with the load transducer attached to it) moved
downward and exerted a cantilever bending force with the aid of an indenter to the
region between the canine and the 3" incisor (Figure 8.9). The indenter was custom
made from a 12 mm diameter round bar with a 40 degree bevelled and blunted tip. A
dorsoventrally directed force was applied at a rate of 2 mm/min based on a previous
study (60). A controller unit (K7500 Servocontroller, Zwick/Roell, Hauptsitz, Germany)

was used to control the displacement during constant loading.

Figure 8-7: A custom made jig that will be used to secure the PMMA blocks
of the imbedded mandible to the single column testing machine
viewed from the side (a) and from the front (b). The PMMA block
is inserted into the square tubing and fixed lightly with the two
bolts.
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Figure 8-8:
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Single column testing machine, to which the custom made jig was

attached.
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Figure 8-9: The buccal aspect of the right mandible after application of the
bis-acrylic composite on the lingual and the buccal aspect of the
teeth. The bis-acrylic is applied in such a way to completely cover
the exposed interdental wire with as little as possible on the buccal

aspect of the first molar.

The resistance of the construct to the force was measured in Newton (N) using a
load transducer. Ventral displacement of the rostral segment (between the canine and
the 3" incisor) was calculated as the displacement of the actuator during testing. Data
were recorded at a frequency of 10 Hertz using commercial software (Matlab R2012a,
Mathworks, Natick, Massachusetts, USA) and exported into a spreadsheet program
(Excel 2010, Microsoft, Redmond, Washington, United States) for further processing.

All mandibles were tested until failure. The failure point was defined as the point
when the interdental wire or the composite fractured or whenever the composite
detached from the tooth surface. Force-displacement curves were constructed for each
mandible and the ultimate force (N at the point of failure), stiffness of the construct (N
per meter of displacement, measured in the linear portion of the force-displacement
curve), total displacement (total mm of displacement from start until failure) and total
energy absorbed during testing of the mandible (area under the curve) were calculated.
The total energy absorbed by the construct was calculated by the sum of the areas by

using the trapezoidal rule of numerical integration.
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During cantilever loading in a gap model, a low-stiffness phase can be
recognized on the initial part of the force-deformation curve. The initial phase was
included in the calculation of the ultimate force, total displacement and the total energy

absorbed.
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8.3 Statistical analysis

For evaluation of the data for the retrospective study, categorical data was
evaluated using Pearson’s Chi-square test and continuous data using the paired t-test.
The age groups in that study were compared to studies done by Umphlet et al. (1990)
and Lopes et al. (2005) by calculating the coefficient of determination (RZ). Breeds
presented to the DMSC for mandibular fractures were compared to the entire patient
population for the same time periods. Test statistics were performed to evaluate whether
certain breeds were presented more than expected. All calculations were done using

commercial spreadsheets (Excel 2010, Redmond, Washington, United States).

For evaluation of the data for the biomechanical study, the Akaike information
criterion corrected for finite small samples sizes was used to compare models of time of
application for the techniques, to combinations of patient signalment, weight, and
clinician experience (with subsequent applications). The Wilcoxon signed rank test was
used to analyse the differences between the RIC and the RIS group of paired data (time
of application, composite weight, ultimate force, S, total displacement and total F
absorbed). The influence of the composite weight on the ultimate force, S and total F
absorbed was tested using the Pearson correlation test. Values between -0.8 and -1 and
+0.8 and +1 were considered strong negative and positive correlations respectively.
Mann-Whitney U test was used to determine whether there were statistical significant
differences in the ultimate force and the stiffness between the failure patterns. A p value

< 0.05 was considered significant
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9 RESULTS

9.1 Retrospective study of mandibular fractures

The case records of 119 dogs presented between January 2001 and December
2009 were identified and reviewed. Due to incomplete records 10 patients were
excluded. A total of 135 mandibular fractures were present in the 109 dogs included in

this study.

Fifty-seven percent of the dogs were under the age of twelve months at the time
of fracture management (Figure 9.1). In this age group, males (n=32) and females
(n=29) were almost equally represented. (X2:0.067, p=0.80). In the patients older than
twelve months, a male: female ratio of 1.9:1 was observed although the sex differences
were not statistically significant (3°=3.000, p=0.08). In this group of patients, 69% of
the males and 6.25% of the females were entire. The age distribution in the current
study compares more closely to the findings of the study done by Umphlet et al. (1990)
(R?=0.92) than to the one done by Lopes et al. (2005) (R*=0.34).

M Current study M Umphlet and Johnson, 1990 M Lopes et al, 2005

Percentage of dogs

1 L] llu ull IIU ol M _uL] nll B 8 nnw . .
2 s , .

<12 36 48 60 n 84 96 108 120 132 144 156 168 180 192 204 216 228

Age (in months)

Figure 9-1: The age distribution of the 109 patients presented to the DMSC.
Age distributions extracted from Umphlet et al. (1990) and Lopes
et al. (2005) are provided.

A high incidence of mandibular fractures was noted in small breed dogs
(77/109; 70.6%). The mean body weight of patients in this study was 6.46 kg (SD + 5.4
kg) and the median 5.2 kg. Of the total dog population that was presented to the OVAH
during the same period, 1023/2321 (44.1%) were small breeds. The five breeds that had

the highest incidence of mandibular fracture were: Yorkshire terriers (16%),
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Dachshunds (14%), Jack Russell Terriers (11%), Maltese (10%) and Pekingese (6%).
These breeds made up 15%, 24%, 11%, 21% and 2% respectively of the total patient
population presented to the OVAH (Figure 9.2). Test statistics revealed that only

Pekingese dogs were presented more than expected (p=0.001).

80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00% M Mandibular fractures

0.00% -

M Presented at OVAH

Figure 9-2: Most commonly presented breeds with mandibular fractures
compared to population presented to OVAH during the same time

period.

Large breed dogs older than 8 months of age only made up 6% of the study
population. Dog fights were the most common aetiology (68/109) of mandibular
fractures in this study (Figure 9.3). The patients with aetiologies that did not fit into any
of the groups were classified as “other”. In this group, mandibular fractures due to
gunshot (n=3), pig bite (n=1), kick from a horse (n=1), hit with a metal pole (n=1), run
over by a wheelbarrow (n=1), and chewing on a hard object in the absence of pathology
(n=1), were included. Only one mandibular fracture was caused iatrogenically during
extraction of teeth. This fracture was subsequently classified as pathologic due to the
radiographic presence of alveolar bone lysis. Pathologic fractures also occurred in three

other dogs.
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Figure 9-3: Fracture aetiology of the 109 dogs presented to the DMSC. (RTA=
Road traffic accident)

The incidence of mandibular fractures was highest in the molar region (Figure
9.4). Anatomical distribution of mandibular fractures were similar to that noted in two

other studies (16, 51).

M Current study EUmphletetal, 1990 u Lopes et al, 2005

47.10

5.195.
> 003.30

Symphyseal Incisive Canine Premolar Molar Vetrtical Condylar
Ramus
Figure 9-4: A comparative presentation of fracture frequencies in the various

anatomical locations of the mandible.

Of the 135 fractures, 104 were open (Figure 9.5). There was a high incidence of
open fractures in the dentate portion of the mandible (87/104). The fracture type was
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transverse in 73, short oblique in 48, oblique in 1, comminuted in 11 and incomplete in
2 of the cases. The fractures were relatively unstable in 116/135 and displaced in
112/135. Almost three quarters of the fractures extended through the alveolus of one or
more teeth. A total of 124 teeth were involved in the fracture line with the first molar

predominating (Figure 9.6).

M CLOSED FRACTURES %  ® OPEN FRACTURES %

92.31 96.15 100.00
78.57

92.31

85.71

66.67

0.00
Symphyseal Incisive Canine Premolar Molar Vetrtical Condylar
Ramus
Figure 9-5: The incidence of open or closed fractures based on the anatomical
locations involved.
54
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Figure 9-6: Regional distribution of the 124 teeth in the fracture line of 109

dogs with 135 mandibular fractures.

In small breed dogs, fractures of the molar, premolar and symphyseal regions

predominated compared to large breed dogs where fractures of the ramus, incisive,
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canine region and condylar process were more common (Chi-square test, X*=23.73,

p=0.02).

Contingency tables also showed that aetiology was associated with fracture type (Chi-
square test, X2=30.27, p=0.02) and anatomical location (Chi square test, X2=36.36,
p=0.05). Higher than expected incidences of short oblique fractures in the canine and
premolar regions, incomplete fractures of the ramus region and transverse fractures of

the condylar process were noted when the fractures occurred as a result of RTA.

Multiple mandibular fractures were present in 24 (22%) of the patients. The
multiple fractures included fractures involving both mandibles (n=14), multiple
fractures with non-communicating fracture lines of one mandible (n=3) and mandibular
fractures together with symphyseal separation (n=7). Two thirds of these patients were

presented after a dogfight.

9.2 Reinforced interdental crossover composite splint as a non-invasive
mandibular fracture repair technique
Subjectively the RIC was the easier to apply and the techniques used in
preparation of the buttons were easy to master. The RIS caused extensive soft tissue
disruption and damage during the subgingival application of the interdental wire.
Application and tensioning of the interdental crossover wire in this osteotomy model

was also convenient.
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9.3 Comparative biomechanical study

The breeds included in the study were Jack Russell terrier (n=2), crossbreed
(n=2), Dachshund (n=1) and Maltese (n=1). Males and females were equally
represented, and the mean weight was 5.68 kg (£0.87). The Akaike information
criterion indicated, that gaining experience in either technique, was the only factor that
explained the variance in times between subsequent applications (p=0.01) of RIC or RIS

were not significantly different (p=0.97).

All the implants failed by fracturing of the composite over the fracture site (n=8)
or by lifting off the enamel surface at the 1* molar (n=4) without breakage of the
interdental wire (Figure 9.7). When comparing the failure pattern between the two
groups, 1/6 of the RIC and 3/6 of the RIC group failed by the composite lifting of the
enamel surface of the first mandibular molar. No significant differences were noted
when the ultimate force and stiffness were compared between these two failure pattern
groups (p=0.80 and p=1.00). With both of these failure patterns the interdental wires
were still in the position that they were surgically placed. No fracture or detachment of
the “buttons” could be observed. No visual signs of 1* molar fracture or avulsion was

noticed during the study.

Macroscopically, breakage or lifting off the enamel surface was first noticed on
the lingual aspect preceding either breakage or lifting off the buccal aspect in all
mandibles. Preceding the failure, a small amount of buccal rotation of the rostral

segment together with dorsal opening of the osteotomy site was noted

The ultimate force and stiffness (S) were the only two variables that were
significantly different between the two techniques (both p=0.03). The mean ultimate
force was 80.50 N (£40.29) and 58.70 N (#41.75), whereas the mean S was 16.19
N/mm (£4.38) and 9.91 N/mm (£4.03) for the RIC and RIS respectively.
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Figure 9-7 a,b: Pictures indicating the patterns of failure, either bis-acrylic
composite breakage (a) or lifting of the enamel surface of the
tooth (b). Although not visible in this photograph the imbedded

interdental wire was still intact. Rostral is to the right.

The amount of BAC used during application of the reinforced splints was not

statistically different between the two techniques (p=0.66). For both the RIC and RIS

there were no correlation between the amount of BAC and the ultimate force (-0.02 and

+0.14), stiffness (-0.06 and -0.07) or the total energy absorbed (+0.05 and +0.18).
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Table 9-1:

Patient and biomechanical testing data. (RIS= Reinforced Interdental Stout loop composite splint, RIC=

Reinforced Interdental Crossover composite splint, s= seconds, CCR= Chemical cure Composite Resin, g=gram,

N= Newtons, N/mm= Newton per millimeter, mm= millimeter, N.mm= Newton millimeter)

© University of Pretoria

Sample number Technique | Time (s) CCR (g) |Ultimate force (N)| Stiffness (N/mm) | Total displacement (mm) | Total energy absorbed (N.mm)
1R RIS 1083 3,20 46,27 11,01 4,95 82,86
2L RIS 1171 3,80 35,34 9,68 4,15 58,23
3L* RIS 976 3,90 135,79 11,05 13,98 869,22
4L RIS 733 4,00 72,90 15,85 5,69 176,35
5R RIS 700 3,90 18,11 3,51 5,42 61,80
6L RIS 735 4,10 43,79 8,36 5,69 119,64
Mean + Standard deviation 899,67 + 203,87 | 3,82 + 0,32 58,70 + 41,75 9,91 + 4,03 6,64 + 3,64 228,02 £ 317,20
Sample number Technique | Time (s) CCR (g) |Ultimate force (N)| Stiffness (N/mm) | Total displacement (mm) | Total energy absorbed (N.mm)
1L RIC 1050,00 -3,50 83,72 18,81 5,01 174,00
2R RIC 926,00 3,60 55,41 18,25 3,41 78,12
3R* RIC 929,00 3,80 139,67 17,91 8,09 629,69
4R* RIC 888,00 3,90 118,95 16,46 7,89 448,17
5L RIC 806,00 3,80 27,56 7,40 3,81 44,74
6R RIC 759,00 4,20 57,69 18,32 3,14 91,46
Mean + Standard deviation 893,00 = 102,55| 3,80 + 0,24 80,50 + 42,29 16,19 +£4,38 5,23 +£2,24 244,36 + 239,10
52
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10 DISCUSSION

Previous studies found that mandibular fractures account for 1.6 to 6% of all
fractures in dogs that were presented to veterinary hospitals (49, 50). In published
studies main aetiologies for mandibular fractures include RTA, falls from height,
projectile injuries, unknown trauma and dog fights (16, 50, 51). In this study dog fights
were more frequently the cause of mandibular fractures (62%) than has been previously

reported (19%—-43%) (16, 51).

During dog fights, the head and neck are frequently targeted areas (71). The relative
sizes of the victim and the attacker play a significant role in the severity of bite wounds
(71). As the size of the animal increases so does its biting force (72). The width of the
gape also increases as the size of the dog increases which makes it impossible for small
breed dogs to fit the muzzle of a larger breed in their mouth to apply the biting forces.
Large breed dogs like Boerboels (Bullmastif like breed) and multi-dog households
(especially mixed large and small breed) in the Onderstepoort area are factors that might
explain the higher incidence in this study. It is the authors’ opinion that owners in the
Onderstepoort region prefer to keep larger guard dogs on their properties together with
smaller pets. Small breed dogs less than 12 months of age were the most common size
and age group affected (Figure 9.1). As dogs mature the bone mineral content, and thus
its density, increases (73). Therefore, young dogs may be overrepresented as they have a
relatively low bone density predisposing the bone to failure (74). In addition to this
younger dogs still need to find their place in the social hierarchy and are frequently

“reprimanded” by older dogs.

Pekingese dogs were presented more than was expected in this study. It is uncertain
whether their particular brachycephalic like anatomy, behaviour or personality
predisposes them to mandibular fractures. Further studies would be needed to clarify

this.

Of the patients older than 12 months, uncastrated male dogs were
overrepresented (69%). When compared to castrated males, uncastrated male dogs are
involved in more incidents of aggression and roam more frequently (75, 76). Roaming

will increase the frequency of contact with other dogs and with motor vehicles.
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Considering the fact that the incidence of RTA was low in this study other factors like
castration later in life might contribute to this finding. Dogs are generally castrated at 3-
6 months of age. A large amount of dogs in this age group might also skew the results

falsely increasing the amount of non-castrated dogs.

On evaluation of pre-operative radiographs, only a few patients (4) had lysis of
the alveolar bone. In the mandible, pathological fractures occur most frequently in the
area of the first molar as most of the cases of severe periodontitis and peri-apical
pathology are found in this region (53). This was also seen in the present study where
all the pathological fractures involved the mandibular first molar. In published reports
small breed dogs have more severe periodontal disease (53). Periodontal tissue
detachment (5 mm from the furcation apically) potentially causes disruption of 44.6%
of the attachment area of the first mandibular molar (54) and may lead to tooth loss and
tooth root pathology, potentially predisposing dogs to mandibular fractures, even if
subjected to minor trauma. The molar region was also the most commonly involved
region for fractures without any pre-existing pathology. Pathology in this region can
potentially further weaken an area that is already mechanically inferior. One patient
with periodontal disease experienced a mandibular fracture during tooth extraction prior
to referral. Identifying periodontal disease on pre-extraction radiographs might have

prevented this fracture by being more careful during the extractions.

The roots of the mandibular first molars of small breed dogs are larger in length
relative to the height of the mandible and their roots extend ventral to the mandibular
canal when compared with larger breeds of dogs (52, 53). This ratio can act as stress
risers, potentially explaining the high incidence of molar region fractures in this study.
The stress rider is likely due to the differences in the stiffness between tissues like the

alveolar bone, cementum and the periodontal ligament may contribute.

Of all the fractures that occur in the molar region, the first mandibular molar was
involved in nearly all the cases (53/56). Fractures through the alveolus of the first
mandibular molar might also be related to early periodontitis that results in weakening
of the alveolus and periodontal ligament. This weakening might be the result of
periodontal ligament destruction that is not radiographically visible or appreciated on

clinical examination.
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The nature of the applied F may have had an influence on the type and location
of the fractures in our study as biting wounds can be associated with compressive but
also torsional forces. The low incidence of mandibular fractures through the condylar
process was a finding that was similar to another study (16). Research has shown
differences in the indentation modulus of the condyles in young and adult dogs (77). It
is unknown whether this difference, due to ageing, is clinically relevant. During
mastication, the shearing action of the carnassial teeth in dogs requires a mild amount of
transverse movement of the condyles (78). This minimal movement in the joint and the
protective effect of the masticatory muscles might be enough to absorb the forces and
thus decrease the incidence of fractures of the condyles. Due to the low number of
condylar fractures no significant conclusion could be drawn from the fracture types seen
in this region. It is the researchers opinion that due to the shape of the condyle in dogs it
offers more resistance to bending in a dorsal plane than the mandibular body, which

might also contribute to the lower incidence of condylar region fractures.

The presence of teeth influences the fracture line direction as the fracture line
will follow the route of least resistance, resulting in fractures along the tooth roots (14).
Likewise the synchondrosis intermandibularis is the weakest area in the symphyseal
region as it is composed of fibrocartilage (9). In this study separation of the
synchondrosis intermandibularis was classified as transverse fractures through the
symphyseal region. The incidence of transverse fractures through the symphyseal region

was high in this study.

The protective and supporting effect of the caudal masticatory muscles probably
resulted in the high incidence of incomplete, closed and non-displaced fractures in the

ramus region.

Mandibular fractures in the dentate portion of the mandible were mostly open.
Only a thin layer of gingiva covers these regions of the mandible orally and
displacement of the fracture fragments and the fragments sharp edges will easily disrupt

the gingiva.

After identifying the most commonly presented fracture morphology, a simple

transverse fracture was mimicked in canine cadavers by creating a transverse osteotomy
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just rostral to the 1* mandibular molar that was then corrected by interdental reinforced
composite splints. Mandibular fractures can be treated by conventional osteosynthesis
or by non-invasive techniques (11). Several surgical procedures have been described for
the management of mandibular fractures, including interdental wiring, inter-fragmentary
wires, external skeletal fixators and plating (12, 20, 56-59, 63, 67, 79, 80). Due to the
anatomical differences between long bones and mandibles, additional factors need to be
considered whenever surgery (and in particular conventional osteosynthesis) is planned
(9, 14, 55, 56). An important consideration is the presence of the alveolar canal in the
ventral third of the mandibular body. It contains the inferior alveolar nerve, the
mandibular alveolar artery and the mandibular alveolar vein (41, 42). The mandibular
artery provides the main blood supply to the teeth and contributes significantly to the

vascular supply to the alveolar bone.

Severance of this artery during trauma makes the bone fragments largely reliant
on the surrounding soft tissue for their blood supply until the blood supply is re-
established as is seen during long bone fractures (41-43). Additionally, multiple
foramina are present in the mandible. These foraminae are located on the rostrolateral
(mental foramina) and the caudomedial aspect (mandibular foramen) of the mandibular

body and should, like the alveolar canal, be avoided during implant placement (14, 41).

The principle of interdental splinting was introduced many decades ago to
overcome the limitations of the other means of fracture stabilisation of the canine
mandible (81). Currently, an uncertainty still exists in the number of teeth that should be
incorporated when applying an interdental wire and/or composite in canine mandibular
fracture repair. In the literature one can find the recommendation to include at least two
teeth rostral and two teeth caudal to the fracture site (56). To the authors’ knowledge,
however, there are no studies substantiating this recommendation or whether the
number varies according to the anatomical location of the mandibular fracture. For this
study the researchers chose to include only one single tooth caudal to the fracture site.
The mandibular 1* molar has two roots and a relatively extensive surface area of
attachment compared to the premolars and incisors. The teeth rostral to the 1* molar
have a conical shape and for this reason the authors elected to include all the teeth up to

the base of the canine which is around which the wire could be anchored.
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Although not specifically evaluated in this study, the 1* molar did not show any
visual signs of avulsion or fracture at the time of failure of the composite in any of the
tested mandibles. Unfortunately no post testing radiographs were taken to assess the

integrity of the tooth roots and alveoli.

During testing a small amount of buccal rotation of the rostral segment together
with dorsal opening of the osteotomy site was noted (Figure 10.1). Lifting of the acrylic
off the enamel surface of the teeth on the lingual aspect preceded fracture of the
composite or lifting off the buccal aspect. The breakage or lifting off the lingual aspect
was not clearly presented on the force-displacement curve. This displacement was a
direct result of the anatomical shape of the mandible, the absence of the contralateral
mandible, the position during testing and the location of the applied F in these samples.
The authors feel that this resulted in more tension on the lingual aspect what could
explain the observed failure pattern. It is difficult to judge to which extent rotation of
the rostral fragment will occur during loading of a stabilised mandibular fracture in a

clinical situation.

Figure 10-1: Photograph showing the lingual aspect of the mandible during
testing. Note slight buccal rotation of the rostral segment
characterised by the increase visibility of the caudal segments

lingual cortex (black arrow).

The time for application was not different between the RIC and the RIS. Although a lot

of time was consumed by constructing the “buttons” in the RIC group, this time loss
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was compensated by the relatively easy application of the interdental wire for the RIC
as compared to the more elaborate wire application for the RIS. The strict case selection
criteria resulted in the sampling of mandibles that were roughly equal in size creating an
almost homogenous population of mandibles and thus the time for application was not
affected by the weight of the donors. Throughout this study the experience increased
and the time of application decreased for both techniques. In this experimental setting,
however, the artificially prepared fracture was standardised for all mandibles. The
surgeon in practice, to the contrary, will face different fracture conformations and often
these will be accompanied by other dental pathologies that make the application of the

splinting techniques more challenging.

On average the ultimate force for the specimens tested was almost 40% more in
the RIC when compared to the RIS. When applying the RIC, compomer buttons were
bonded to the enamel surface of the teeth. Although the bonding agent does not seem to
enhance the bonding of the chemical cure composite resin to the enamel surface (68),
the presence of “buttons’ attached onto the bonding agent could interdigitate with the
composite, potentially creating a stronger bond. When comparing the failure pattern
between the two groups, 3/6 of the RIS and 1/6 of the RIC group failed by the
composite lifting of the enamel surface of the first mandibular molar. Although
differences occurred in failure no differences were noted when the stiffness and ultimate
force of these two groups were compared. The presence of the buttons might have
caused a decrease in the incidence of RIC failing by composite lifting off the enamel
surface of the tooth due to an increased bonding strength. Acrylics do not adhere well to
metal but they do conform to and interdigitate with the wire twists (45). The subgingival
course of the RIS could result in less of the “tensioned” wire incorporated in the
reinforced composite splint, resulting in lesser load to be shared by the interdental wire
during the initial phases of testing. Although the difference was small, these same
reasons could also explain why the RIC was stiffer during testing. The stiffer the

material the more F it will absorb and the less it will displace (27).

Biomechanically, bis-acrylic compounds are classified as brittle materials
because they have no well-defined yield point that indicates the transition between the

elastic and plastic phases of the material (82, 83). There is in fact a distinct fracture
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point that coincides with the ultimate force (82, 83). On evaluation of the results, three
sets of data i.e. 3L, 3R and 4R showed a high of displacement, ultimate force and total
energy absorbed, when compared to the other datasets. Considering the brittle nature of
the BAC the displacement in these samples seems excessive. It is uncertain whether
failure of the construct occurred before the point, which was identified as the ultimate
force, although no indication of such failure was visible on evaluation of the force

displacement curves.

The individual mandibles had no support from the contralateral mandible during
testing, dissimilar to the clinical situation. A wide range of ultimate forces was
encountered for both treatment groups, although the dogs were more or less of the same
age and body weight. The differences in the anatomy between breeds and individuals
can explain this variance. Factors like the moment arm and the dorsoventral height of
the mandibular body at the fracture location can affect the way that the specimen
responds to the force applied to the rostral mandible (3). Neither of these factors

correlated with the ultimate force for the RIC or RIS (data not shown)

The amount of BAC used during application did not affect any of the variables
and did not differ between the two techniques. An attempt was made to only lightly
cover the wire. In clinical cases excessive BAC is burred away especially on the buccal
aspect of the 1* molar as it might interfere with the 4™ maxillary premolar upon closure
of the mouth (56). The author feels that application of the composite on the buccal
aspect of the 1% molar is necessary. This will make the postoperative care more efficient
as it decreases the entrapment of food on foreign material like hair between the wire and
the teeth. Further studies are warranted to identify whether local removal of BAC at the
buccal side has an effect on the biomechanical properties of the interdental composite

splints tested in this study.

The buccal aspect was selected for the compomer “buttons” (RIC) because it
was thought to allow an easier application in clinical patients. As mentioned earlier for
the BAC, however, a buccal “button” can potentially interfere with the 4™ maxillary
premolar during closure of the mouth. Due to the rotation of the rostral fragment during
loading, the interdental wire is presumably under more tension on the lingual aspect of

the 1 molar than on the buccal side. This can result in a greater tendency to displace
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dorsally and might contribute to failure of the BAC. Although it is uncertain to which
extent rotation occurs in clinical cases, there are arguments to prefer one compomer
button on the lingual aspect of the 1** molar and another on the buccal aspect of the 4™
premolar in the RIC. “Buttons” in these positions will probably provide more resistance
against dorsal slippage of the wire during loading, besides the clinical advantage of not

interfering with full closure of the mouth.

During preparation of the model, a small gap was created between the cortices of
the rostral and caudal segments. This resulted in phase on the force displacement curve
that represents the time taken for soft tissue displacement by the indenter and time until
the ventral cortices of the two opposing segments made contact. Although the ventral
aspects of the cortices made contact early during the loading process, it is uncertain
whether this gap might affect the performance of the reinforced interdental composite
splints during loading or during cyclic loading as is expected in clinical patients. To
clarify this and to assess whether the placement of “buttons” on the lingual and buccal
aspect of the teeth has an effect on the parameters tested in this study, further

biomechanical studies would be necessary.
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11 CONCLUSION

Screening of this patient population did inspire the selection a model for recreating the
most commonly occurring fracture in dog presented to a referral practice in South
Africa. Small breed dogs and dogs less than 8 months of age predominated (102/109).
Dog fights were the most common aetiology in this study (68/109). The molar region
was the most commonly affected region (56/135). Evaluation of the radiographs
revealed that transverse (73/135), relatively unstable (116/135) and displaced (112/135)
fractures were the most common. The majority of fractures involved teeth in the fracture
line (100/135), with the first molar frequently involved (54/135). The majority of
fractures were open (104/135).

The null hypothesis was rejected because there was evidence that in experimentally
fractured mandibles of young adult dogs there is evidence that the RIC is
biomechanically superior to the RIS. Further in vitro and in vivo studies should be
conducted to assess whether RIC is a good alternative for clinical cases as the

established procedures for mandibular fracture fixation in small animals.
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2 12.1 Addendum 1: Permission for euthanasia, study and research purposes
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Return of ashes in a 60 litre receptacle Yes No No charge
Please note:

y If post mortem fii the pi of

may be
a potentially contagious dlseau
Ashes will be

14 days, and will available for

by in within
your mllecﬁoﬁ a period of 90 days. Thereafter uncollected ashes will be disposed of.

Client signature .....

bﬂ: AQNDT

pate 70
~

\ ALY

Clinidan’s /sig

Students’

FOR OFFICE USE ONLY

Clinic

Patient name

Patient number

© University of Pretoria

OR PLACE STICKER HERE

67



12.2 Addendum 2: Mandibular radiographs

12.2.1 Patient 1
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12.3 Addendum 3: Force-displacement curves

12.3.1 Patient 1
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12.3.2 Patient 2

Force (N)
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-10.00
0.00
10.00
20.00

Displacement (mm)

Patient 2 Right- RIC

0.00

-1.00

2.00 -3.00 -4.00

y = 18.255x + 8.1485
R? = 0.9807

Linear (Patient 2 Right- RIC)

Force (N)

-40.00
-35.00
-30.00
-25.00
-20.00
-15.00
-10.00
-5.00
0.00
5.00
10.00

Displacement (mm)

Patient 2 Left- RIS

0.00

-1.00

-2.00

-3.00 -4.00 -5.00

y=9.6778x +5.972
R?=0.9619

Linear (Patient 2 Left- RIS)
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12.3.3 Patient 3

Displacement (mm)

-160.00
-140.00
-120.00 = Patient 3 Right- RIC
-100.00
-80.00
-60.00
-40.00
-20.00 +—

0.00 y =17.912x - 5.236
0.00 -200 -400 -6.00 -8.00 -10.00 R?=0.9897

Linear (Patient 3 Right- RIC)

Force (N)

Displacement (mm)

Patient 3 Left- RIS

Linear (Patient 3 Left- RIS)

Force (N)
o N
o O
o o
o O

-10.00 — y =11.055x + 15.08
R?=0.974

0.00 -5.00 -10.00 -15.00
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12.3.4 Patient 4

Force (N)

-130.00

Displacement (mm)

-110.00

-90.00

-70.00

-50.00

-30.00

-10.00

10.00 -~

0.00

-2.00

-400 -6.00 -8.00 -10.00

= Patient 4 Right- RIC

——Linear (Patient 4 Right- RIC)

y = 16.283x + 7.6938
R? =0.9921

Force (N)

-90.00

Displacement (mm)

-80.00

-70.00

Patient 4 Left- RIS

-60.00

-50.00

-40.00

-30.00

-20.00

-10.00

0.00 ===

10.00

20.00
0.00

-1.00

-2.00

-3.00 -4.00 -5.00 -6.00

Linear (Patient 4 Left- RIS)

y = 15.846x + 13.972
R?=0.9521
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12.3.5 Patient 5
Displacement (mm)
-25.00
-20.00
= -15.00 4
£ / —— Patient 5 Right- RIS
(]
g Linear (Patient 5 Right- RIS)
@« -10.00
1
-5.00
y =3.5053x - 1.8719
R? = 0.9605
0.00

0.00 -100 -2.00 -3.00 -4.00 -5.00 -6.00

Displacement (mm)

-30.00
-25.00
-20.00
Z -15.00 ——Patient 5 Left- RIC
g -10.00 —— Linear (Patient 5 Left- RIC)
-5.00
0.00 = y =7.2674x + 2.5744
R?2=0.9762
5.00

0.00 -1.00 -2.00 -3.00 -4.00 -5.00
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12.3.6 Patient 6
Displacement (mm)
-70.00
-60.00
y

-50.00
. -40.00
£ Patient 6 Right- RIC
¥ -30.00
5 Linear (Patient 6 Right- RIC)
* -20.00

-10.00 },f

0.00 y = 18.322x - 0.2807
2 =
10.00 R*=0.9968
0.00 -1.00 -2.00 -3.00 -4.00
Displacement (mm)

-50.00

-40.00

-30.00
g = Patient 6 Left- RIS
Y -20.00
5 —— Linear (Patient 6 Left- RIS)
(1Y

-10.00

0.00 5
y =8.3561x + 2.7056
R?2=0.993
10.00
0.00 -1.00 -200 -3.00 -4.00 -5.00 -6.00
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13 SUMMARY

Objective

To determine patient factors and fracture morphology of dogs presented with
mandibular fractures to a small animal referral centre in South Africa. The information
gathered in this study was used for donor selection and osteotomy morphology for a
biomechanical study to compare two reinforced interdental composite splinting

techniques.

A new reinforced interdental composite splinting technique, the reinforced
interdental crossover composite splint (RIC) will be described in detail. The RIC will be
tested biomechanically under controlled conditions and compared with the established

reinforced interdental Stout loop composite splint (RIS).
Materials and Methods

Patient data on age, sex, breed and aetiology of dogs with mandibular fractures
were recorded. The fractures were classified according to the anatomical location,
displacement, fracture type, fracture line direction, periodontal pathology and whether
there were teeth in the fracture line or not by evaluation of pre-operative radiographs.

Clinical observations indicated whether these fractures were open or closed.

Six pairs of mandibles of young adult small breed dogs, euthanised for reasons
unrelated to the study, were then evaluated. Osteotomies were created in a standardised
fashion between the 4™ premolar and 1* molar and fixed with either RIC or RIS. Both
composite splint constructs were tested biomechanically (by applying a cantilever

bending F) using a single column testing machine at a rate of 2 mm/min.

Results

In total, 109 dogs with 135 mandibular fractures were included in the study.
Small breed dogs and dogs less than 8 months of age predominated (102/109). Dog

fights were the most common aetiology in this study (68/109). The molar region was the
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most commonly affected region (56/135). Evaluation of the radiographs revealed that
transverse (73/135), relatively unstable (116/135) and displaced (112/135) fractures
were the most common. The majority of fractures involved teeth in the fracture line
(100/135), with the first molar frequently involved (54/135). The majority of fractures
were open (104/135).

No statistically significant difference was found between the time of application
between the RIC and the RIS. All the implants failed by fracturing of the composite
over the area of the fracture or by acrylic lifting on the lingual aspect of the 1* molar.
The mean ultimate force was 80.50 N (+40.29) and 58.70 N (#41.75), whereas the mean
S was 16.19 N/mm (+4.38) and 9.91 N/mm (+4.03) for the RIC and RIS respectively
(both p=0.03). There was no statistical difference between the amounts of displacement

in both treatment groups or between the energy absorbed by the two techniques.
Conclusion

Screening of this patient population inspired the selecting a model for recreating the
most commonly occurring fracture in dog presented to a referral practice in South
Africa. In experimentally fractured mandibles of young adult dogs there is evidence that

the RIC is biomechanically superior to the RIS.

14 PAPERS PUBLISHED FROM THIS DISSERTATION

e Kitshoff AM, de Rooster H, Ferreira SM, Steenkamp G. A retrospective study of
109 dogs with mandibular fractures. Vet Comp Orthop Traumatol 2013; 26: 1-5.

e Kitshoff AM, de Rooster H, Burger D, Ferreira SM, Steenkamp G. The comparative
biomechanics of the reinforced interdental crossover and the Stout loop composite

splints for mandibular fracture repair in dogs. Vet Comp Orthop In Press.
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