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Influence of an interdental full pin on stability
of an acrylic external fixator for rostral
mandibular fractures in dogs
Wesley T. Cook, DVM, MS; Mark M. Smith, VMD; Mark D. Markel, DVM, PhD; J. Wallace Grant, PhD

Objective—To determine total stiffness and gap stiffness of an external fixation system in a canine
mandibular fracture gap model incorporating a full
interdental pin as the only point of rostral fixation in a
bilateral type-I external fixator.
Sample Population—10 canine mandibles.
Procedure—Bilateral mandibular ostectomies were
performed between premolars 3 and 4. A type-I external fixator incorporating a full interdental pin was
placed to stabilize a 0.5-cm fracture gap. Four pin configurations (intact mandibular bodies with fixator;
ostectomized mandibular bodies and complete fixator; ostectomized mandibular bodies with caudal pins
of rostral fragment cut; ostectomized mandibular bodies with all pins of rostral fragment cut) were tested
in dorsoventral bending 5 times on each mandible.
The full interdental pin remained intact in all configurations. Total stiffness and gap stiffness were determined for each configuration on a materials testing
machine.
Results—Total stiffness of intact mandibles was significantly greater than that of ostectomized mandibles,
regardless of external fixator configuration. However,
total stiffness and gap stiffness were not significantly
different among different external fixator configurations applied to ostectomized mandibles.
Conclusion and Clinical Relevance—External fixator
configurations with only the full interdental pin engaging the rostral fragment were as stiff as configurations that had 2 or 4 additional pins in the rostral fragment for the applied loads. External fixators for rostral
mandibular fractures may be rigidly secured with rostral fragment implants applied extracortically, avoiding
iatrogenic trauma to teeth and tooth roots. (Am J Vet
Res 2001;62:576–580)

M

andibular fractures represent 3 to 6% of all fractures diagnosed in dogs and generally result from
vehicular trauma, falls, kicks, gunshots, and fights.1-5
The most common location for mandibular fracture in
dogs is in the region supporting the premolar teeth.5
The predilection for mandibular fractures in this area
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may be related to mandibular anatomy.6 The right and
left halves of the mandible are united at the strong,
rough-surfaced mandibular symphysis. This union of
the horizontal components of the mandible at the symphysis is located in the rostral premolar segment of the
mandible, which includes incisor and canine tooth
roots. This premolar area may be subject to fracture
because of the relative strength of the individual horizontal bony components, compared with the tooth
root and mandibular symphyseal bone composite, the
relative weakness of the canine alveoli, the location of
muscle forces in relation to the rostral portion of the
mandible, or a combination of these factors.
Several techniques have been used to stabilize
mandibular fractures, including bone plating, external
coaptation with a tape muzzle, interfragmentary wire,
interdental acrylic, external fixators (EF), and combinations of these techniques.1,2,7-9 The most common
technique for mandibular fracture repair in dogs is
external coaptation, using a tape muzzle.5,10 Tape muzzles are used commonly because of their low cost, ease
of application, and association with secondary bony
healing. However, tape muzzles may cause a delay in
return to function, malocclusion, or moist dermatitis.1,10-13 Other complications that may develop include
aspiration pneumonia, decreased range of motion,
muscle atrophy from disuse, and heat prostration from
decreased ventilatory capacity.1,10-13
Bone plating provides rigid fixation of the fracture
and early return to function while preventing many of
the complications associated with application of a tape
muzzle.1,14,15 Bone plating also adequately stabilizes fractures of the mandible when the screws are placed monocortically, which is beneficial because of reduced iatrogenic trauma to the tooth roots.1 However, bone plating
can be expensive, technically challenging when applied
to the rostral portion of the mandible, and not readily
available to veterinary practitioners. Plating in the rostral portion of the mandible may be difficult because of
the degree of plate contour needed in that region, whereas the amount of dissection needed for plate application
in the caudal portion of the mandible may negatively
affect healing because of trauma to blood vessels.1,14,15
External fixator techniques, including the use of
intrafragmentary pins and acrylic connecting bars, adequately stabilize fractures and experimental osteotomies of the mandible in dogs.1,11 This fracture repair
technique is simple to perform, and the equipment is
readily available. The most common complications are
pin loosening and localized osteomyelitis.16 This technique also may result in trauma to neurovascular structures if pins are placed into the mandibular canal.7,13
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Iatrogenic trauma to the tooth roots may occur, resulting in periodontal or endodontic complications or
both, such as pulpitis and destruction of alveolar bone,
which jeopardizes tooth maintenance.16
Fractures in the mandibular premolar area may be
comminuted, making application of plating, EF, or
interfragmentary techniques difficult. An extracortical
method to engage the rostral, predominantly symphyseal component of a mandibular fracture and to
include it in a bilateral type-I EF would avoid iatrogenic trauma to the neurovascular structures and tooth
roots that are prominent in this bony segment. The
purpose of the study reported here was to determine
total stiffness and gap stiffness of a full interdental pin
secured extracortically to the rostral portion of the
mandible as the only point of rostral fixation when
included in a bilateral type-I EF.
Materials and Methods
Canine mandibles were used as the experimental model.
Ten mandibles were collected from large mesaticephalic dogs
(weight, 30 to 40 kg) within 12 hours of death. The dogs were
euthanatized for reasons unrelated to this study and were free
of musculoskeletal and dental abnormalities. All nongingival
soft tissues were resected from each specimen. Mandibles were
wrapped in saline (0.9% NaCl) solution-soaked towels and
frozen at –70 C until the experiment was performed. When
ready for EF application, bones were thawed at 20 C and kept
moist with saline solution throughout the testing.17,18
The vertical rami of each mandible were embedded in a
customized aluminum testing apparatus, using cement.a The
cemented specimen and apparatus provided rigid fixation of
the mandible, allowing testing in a dorsoventral direction.
Proper spatial orientation of the embedded mandible was
checked with a leveling device at the midbody of each horizontal ramus in the longitudinal and sagittal planes. Only
mandibles level in both planes were accepted, thereby reducing
development of torque or abnormal moments during testing.
The EF was applied in a coronal plane. Four pinsb were
placed into each mandibular body, and 1 pin was used as a
interdental full pin to form a modified type-I EF (Fig 1). A
low-speed drillc was used to drill 3.1-mm pilot holes at each
pin location. Pins were placed by use of crown and mandibular landmarks in order to avoid penetration of the mandibular canal and the tooth roots. Pins were placed interradicularly, dorsal to the mandibular canal, and bilaterally at the

first molar and fourth, third, and second premolars, as
described.1 Pilot holes were created, perforating the lingual
cortex, and medium positive end-threaded pinsb that were
3.2 mm in diameter were applied through the pilot holes
engaging the lingual cortex. A jig was used to provide reproducibility of pin placement in a coronal plane, ensuring perpendicular pin placement in the long axis of each body. A
medium 3.2-mm centrally threaded pinb was placed as a
interdental full pin caudal to the canine teeth. The interdental pin was secured to the canine teeth with 18-gauge wire
placed in a manner similar to repair of a mandibular symphyseal fracture.19 Polymethylmethacrylated (PMMA; 15 ml)
was applied to the lingual aspect of the canine and incisor
teeth, resulting in an acrylic plate that covered the oral portion of the interdental pin and wire in all mandibles. A figureof-eight wire twist pattern around each canine tooth was
used to improve wire interdigitation with the PMMA.
Anesthetic tubinge (diameter, 13 mm) was placed around
the pins. The medial edge of the tubing was placed 1.0 cm from
the lateral cortex of the mandible. The tubing was filled with
liquid PMMA by use of a syringe. Tubing from a low-pressure
suction device was attached to an 18-gauge needle that perforated the most rostral aspect of the anesthetic tube. The suction
device was activated during PMMA injection in order to reduce
the amount of air bubbles within the PMMA. The fixator was
allowed to cure at 20 C for 12 hours prior to testing.
The EF-mandibular composite was tested in a dorsoventral bending mode and was not tested to failure (Fig 2). The
applied loads did not exceed the elastic region of the EFmandibular composite load deformation curve, as determined by the return to zero of the load deformation curve, to
allow repeated tests on a single mandible. The rigidity of the
intact mandibles and the EF-mandibular composite and the
load displacement response of the fragment ends were evaluated on a biomechanical testing machine.f Specimens were
positioned so that a downward load was applied to the most
rostral portion of the mandible. The loading rate was 2.0
mm/min. Each specimen was loaded 5 times to 100 N. Load
and displacement of the crosshead were recorded.
After testing the intact mandible with the composite EF
(group 1), a sawc was used to create a 0.5-cm bilateral
mandibular ostectomy between the third and fourth premolars. The resulting simulated fracture gap was large enough to
prevent contact during testing. This model had 2 pins in each
caudal body fragment and 2 pins in each rostral body fragment, bilaterally. The interdental full pin was the most rostral
pin fixed to the rostral fragment. Three EF-mandible composite configurations were tested sequentially after ostecto-

Figure 1—Schematic diagram depicting 4 configurations of an acrylic external fixator (EF) used in a canine mandible model of rostral
mandibular fracture. A—Intact mandible, bilateral type-I EF (8 pins), and interdental pin. B—Ostectomized mandible, bilateral type-I EF
(8 pins), and interdental pin. C—Ostectomized mandible, bilateral type-I EF with most caudal pin of rostral fragment cut (6 pins), and
interdental pin. D—Ostectomized mandible, bilateral type-I EF with both pins of rostral fragment cut (4 pins), and interdental pin.
AJVR, Vol 62, No. 4, April 2001
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my: bilateral type-I EF (8 pins), with interdental pin (group
2); bilateral type-I EF with most caudal pin of rostral fragment cut (6 pins), with interdental pin (group 3); and bilateral type-I EF with both pins of rostral fragment cut (4 pins),
with interdental pin (group 4). In the latter group, only the
interdental pin engaged the rostral fragment (Fig 1). In order
to maintain the structural integrity of the connecting bar for
each test, random testing of EF-mandible composite configurations was not performed.
Motion between the bone fragment ends was monitored
with 2 needle-tipped extensometersg secured to the ventral
cortex of each mandibular body. Total stiffness was determined by the applied moment divided by the angular displacement of the mandible with the following equation:
Total stiffness = M/∆Φ

where M is equal to the moment applied to the rostral
mandible (M = Pn, where P is the applied load and n is the
length of the mandible where the force was applied) and ∆Φ
is equal to the ∆L (the corresponding deflection difference)
divided by n.
The gap stiffness was determined by the applied load
divided by the angular displacement at the ostectomy with
the following equation:
Gap stiffness = M/∆φ

where ∆φ is the angular rotation of the gap face and is equal
to tan-1 (∆G/A), ∆G is the gap closure measured by the extensometer, and A is the distance from the mandibular centerface to the ventral cortical edge of the mandible.
Data were collected continuously and stored in a computer data file. Each of the 4 configurations for the 10
mandibles was identified as a specific treatment group. Fifty
mechanical tests were conducted on each of the 4 configuration groups.
Statistical analyses—Comparisons of means for each of
the 4 treatment group measurements (n = 50) of total stiffness and gap stiffness were analyzed by use of 2-way ANOVA
for a randomized block design. The data were considered
independent, because load was allowed to return to zero, and
the yield point was not reached. A value of P < 0.05 was considered significant. If P < 0.05, individual differences within
the treatment group were identified by use of the Fisher least
significant difference test. If P > 0.05, all treatment groups
were considered equal. When differences between groups
were not significant, power (P) calculations were performed
to determine the percentage difference (D) necessary to
detect a significant difference. Statistical analyses were per-

Figure 2—Photograph of the lateral aspect of a mandible-EF
composite during testing. Notice the extensometers (arrows)
located at the fracture gap.
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formed by use of a commercially available statistical software
program.h Results were expressed as mean ± SD.

Results
The EF-mandible composites of group 1 had
greater total stiffness (1,544 ± 315.9 Newton
meters/radians [Nm/rads]) in dorsoventral loading
than the other 3 groups. Total stiffness for treatment
groups 2, 3, and 4 was 301.6 ± 72.4, 290.5 ± 70.3, and
267.0 ± 49.7 Nm/rads, respectively. There was no significant difference in total stiffness among treatment
groups 2, 3, and 4 (P, 0.8; D, 63%).
Gap stiffness for the right mandibular body in
treatment groups 2, 3, and 4 was 2,041.1 ± 473.6,
1,763.6 ± 371.9, and 1,679.9 ± 805.6 Nm/rads, respectively. Gap stiffness for the left mandibular body in
treatment groups 2, 3, and 4 was 2,110.8 ± 551.1,
1,880.1 ± 317.6, and 1,861.1 ± 851.8 Nm/rads, respectively. There was no significant difference in gap stiffness among treatment groups (P, 0.8; D, 84%) or
between right and left mandibular bodies of the same
treatment group (P, 0.8; D, 83%).
Discussion
Results of a previous study1 indicate that secondary bony healing will occur in a canine bilateral
mandibular osteotomy model repaired with a bilateral
type-I EF similar to the configuration evaluated in
groups 1 and 2 of the study reported here. A bilateral
fracture located immediately caudal to the apical
aspect of the canine tooth roots, especially if comminuted, may be particularly challenging to repair when
outcome goals include maintenance of occlusion and
avoidance of iatrogenic trauma to dental structures. In
the study reported here, we evaluated EF configurations that have been proven to be effective in promoting bony healing of mandibular fractures of the premolar region.1,7,20 In addition, a configuration was evaluated that could be applied extracortically to a rostral
mandibular fragment composed principally of tooth
roots and the mandibular symphysis. Tests were performed to determine whether this latter configuration
had mechanical properties similar to those of a configuration associated with appropriate bone healing.1
A simulated fracture gap model that was similar to
that tested in other studies1,10,17,18 was used. Our model
did not allow fragment end contact, requiring the
applied EF to carry the entire force transferred through
the bodies of the mandible. The simulated fracture gap
model also reflected the clinical condition of repairing
a comminuted fracture where bone-end contact cannot
be achieved, and a buttress effect is necessary.
Polymethylmethacrylate is an advantageous connecting bar material in the clinical setting because of
its low cost, ease of application, and adaptability for
use with curved bones like the mandible.8,11,21,22
Polymethylmethacrylate connecting bars with a diameter of 19 mm, similar to those used in our study, have
rigidity that is similar to that of 4.8-mm steel connecting bars.22,23 The type of PMMA used in our study has
superior mechanical properties, compared with other
acrylic materials.23 A potential complication of the use
of anesthetic tubing for connecting bar molds is
AJVR, Vol 62, No. 4, April 2001
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entrapment of air bubbles, which may weaken the EF.
In our study, negative pressure was applied within the
tubing during PMMA injection in order to minimize
the development of air bubbles.
Positive-profile end-threaded pins were applied, as
described.17,18 As recommended, the innermost pin was
placed as close to the fragment end as possible, while
avoiding tooth roots. Although the use of optimal pin
distances may have influenced results of the mechanical tests, the clinical practicality of minimizing iatrogenic dental trauma was influential in pin-site selection.1,10 Thus, dental anatomic features relative to the
simulated fracture gap between the third and fourth
premolars dictated pin positioning for all pins. Because
specimens were from dogs of similar size, and there
were no dental spatial abnormalities, pin distances relative to the simulated fracture gap were similar and
consistent among dogs.
The amount of force applied to each fixator configuration was standardized at 100 N for each test. This
value was selected on the basis of a study that evaluated the bite force of dogs in which most dogs had a
nonaggressive chew-toy bite force < 200 N.24 The bite
force of dogs during prehension of food in the postoperative healing period may be expected to be less than
this value, considering the recommended soft consistency of the diet. The test force applied to the
mandibles in our study was considered to be clinically
appropriate and generated load-versus-displacement
curves without causing catastrophic failure of the EF.
This test force was applied to the acrylic covering the
interdental full pin equidistant between the canine
teeth and generated a constant bending moment along
the length of the EF-mandible composite. The fact that
load positioning was equidistant and specimen orientation was level was supported by results of gap stiffness data analysis, which revealed similar amounts of
movement at the simulated fracture gap for both right
and left mandibular bodies for each test. Single-site
loading at this anatomic region was clinically relevant
for mandibular fractures of the premolar region. The
premolar region is nonocclusal in dogs.7 Canine and
incisive occlusal forces would impart a bending load
on the mandible during biting or prehension of food. A
load limited to bending is dictated by the hinge-like
nature of the temporomandibular joint and the difficulty in translocating the mandible in a mediolateral
plane. Mediolateral movement is further prevented by
the shearing occlusion of the mandibular molars in
relation to the maxillary PM4 and the molars, as well
as the dental interlock of the mandibular and maxillary
canine teeth.7 These anatomic factors likely combine to
minimize mediolateral movement of the mandible,
concentrating bending loads to the rostral portion of
the mandible.
Mechanical tests in our study were performed in
dorsoventral bending and used to determine fixation
rigidity, particularly as it relates to motion at the simulated fracture gap. Maximizing EF rigidity will decrease
complications including pin loosening, delayed union
or nonunion, and pin sepsis.25-32 Our results indicated
that gap stiffness was significantly greater than total
stiffness in bending for all configurations evaluated.
AJVR, Vol 62, No. 4, April 2001

Although total stiffness and gap stiffness are intimately
related, minimizing motion specifically at the fracture
site has a positive effect on bone healing.25-32
We acknowledge that rotation of the rostral fragment could develop at the rostral or caudal aspect of the
fragment if 1 pin was securing the rostral fragment and
a force was applied directly to the caudal or the rostral
part of the fragment. This complication would be especially predictable when using a single pin in bone,
resulting in a circular interface. The mass of wire-reinforced acrylic engaging the interdental pin and interdigitating with the lingual surface and interdental spaces of
the incisor and canine teeth likely provided a structure
with a geometric advantage to resist rotational forces. In
addition, a force generated in this region would be
unlikely to cause rotation clinically because of the dental interlock of the mandibular and maxillary canine
teeth and the soft consistency of the diet recommended
during the postoperative healing period.
On the basis of the results of this study, the stiffness of the EF-mandible composite configurations in
dorsoventral bending for group 4 was judged to be
equal to stiffness in groups 2 and 3, which had 2 or 4
additional pins in the rostral fragment. This result was
unexpected, because other studies17 have recommended that at least 2 pins engaging each fracture fragment
are needed. Multiple pins in each fracture fragment
increase EF rigidity and minimize rotational and torsional forces. We consider the maintenance of EFmandible composite mechanical properties in group 4
to be related to the structural design of the metalacrylic-bone composite of the engaged rostral fragment. Application of the interdental full pin and acrylic
as described in the study reported here incorporates
nearly all tooth and bone of the mandibular symphysis.
Although not directly tested in our study, the geometric structure of this rostral fixation may have a greater
mechanical advantage in resisting rotation and bending, compared with placement of 2 or 4 pins in the rostral mandibular bodies. Other factors that may have
contributed to maintenance of EF rigidity by the interdental full pin and acrylic include a short EF length
combined with a large-diameter connecting bar, the
bilateral design of the interdental pin, and the short
moment arm based on the distance between the simulated fracture gap and the point of load application.
However, as configurations changed with pin cutting,
the moment arm increased, placing greater bending
loads on the rostral portion of the EF. The standard
deviation for gap stiffness in group 4 was substantially
greater than the other 3 groups, possibly because of
inconsistencies in frame structure. On the basis of
power calculations, a difference between groups of 65
to 84% was needed in order to detect a statistical difference. Further studies of the yield or failure strength
of these configurations would be necessary to better
assess this model.
This experimental model allowed for sequential
testing and comparison of configurations while minimizing variation in specimen and configuration preparation. The group-1 EF-mandible composite configuration that was tested before ostectomy provided baseline
data for subsequent assessment of the relative strengths
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and weaknesses of the other EF configurations. The
design permitted multiple test runs without catastrophic failure of the fixator after ostectomy.17 Although failure data of the group-4 configuration may have been of
interest, the same end point (100 N) was established for
each configuration. Further, during pilot studies, loads
that exceeded 300 N were applied without catastrophic
failure of the final configuration. Finally, the gap stiffness of the EF that were tested, regardless of configuration, would be expected to promote bony union,
because results of previous research indicate that a bilateral type-1 EF without an interdental component provided stability leading to bony healing 16 weeks after
application.1
Damage to teeth, tooth roots, and neurovascular
structures of the mandible is often overlooked in deference to rigid application of metallic implants for
repair of mandibular fractures. Iatrogenic trauma to
these structures may predispose the dog to pulpitis,
tooth loosening, apical abscess, local osteomyelitis,
tooth death, and tooth resorption.1 In fact, the validity
of mandibular fracture repair may be questioned if the
structures meant to be supported by the healed bone
are sacrificed to attain bony union.4,32 Techniques that
provide for occlusal maintenance and optimal oral and
dental health should be used. Results of the study
reported here indicate that a mandibular fracture fragment rostral to the level of PM3 may be rigidly secured
with implants applied extracortically, as described. We
have used this technique clinically in 3 dogs with comminuted fractures of the mandible. Complications
were limited to transient gingivitis at the site of acrylic
application. Long-term follow-up revealed appropriate
bony healing and occlusal maintenance. Prior to application of this fixation device in a clinical patient, the
normal occlusion of the patient’s maxillary and
mandible canine teeth should be examined to ensure
that the patient’s occlusion in this area permits placement of an interdental pin without impairment of the
proper closing of the mouth. This fixation device may
not be possible in dogs with tight occlusion between
the maxillary and mandibular canine teeth.
a

Quikrete cement, The Quikrete Co, Atlanta, Ga.
Imex Veterinary Inc, Longview, Tex.
c
Stryker Corp, Kalamazoo, Mich.
d
Technovit liquid and powder, Jorgensen Laboratories Inc, Loveland,
Colo.
e
Blue Ridge Anesthetic Co, Lynchburg, Va.
f
Instron 4204, Instron, Canton, Mass.
g
Extensometer, MTS Systems Corp, Eden Prairie, Minn.
h
Statistical Software, Minitab Inc, State College, Pa.
b
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