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ABSTRACT

The purpose this original article is to compare the mechanical properties of an interlocking
nail-plate combination (plate-nail) vs. an intramedullary pin-plate combination (plate-rod) applied
to experimentally induced gap fractures in canine femora. Twenty four paired canine femora were
assigned to either plate-nail or plate-rod with 2.7 mm or 3.5 mm system constructs. In each femur,
a mid-diaphyseal ostectomy was performed and the selected system was applied. Paired system
constructs were subjected to compression and bending tests. The maximum load differed
significantly between fixation systems. The plate-nail system had greater maximum load than
plate-rod system. The strength, stiffness and maximum deformation was similar between plate-rod
and plate-nail. The plate-nail system proved to be a good option for diaphyseal long bone fracture
fixation in dogs.
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INTRODUCTION

Treatment of unstable shaft fractures, that are deemed unsuitable for reconstruction, is a
difficult challenge in orthopaedic veterinary medicine (Hulse et al., 1997; Bernarde et al., 2001;
Goh et al., 2009). The repair of these injuries requires implants that can maintain the alignment
of the bone during consolidation (Bernarde et al., 2001; Stiffler, 2004).

Successful internal fixation of the fracture requires an understanding of the loading forces
acting upon the fracture fragments and the resistance due to the mechanical stiffness of the
implant (Bernarde et al., 2001; Gordon et al., 2010).

Comminuted fractures require a fixation system that provides adequate stability to the
bone-implant construct during the initial phase and which can act for a long period enough to allow
bone healing (Bernarde et al., 2001; Muzzi et al., 2009). In comminuted diaphyseal fractures,
comprised of a large number of small fracture fragments, it may not be possible to reconstruct the
bone anatomically and in these cases, the loads acting on the implant and bone must be considered
(Bernarde et al., 2001; Reems et al., 2006). Thus, in extremely comminuted diaphyseal fractures,
the bone may not be able to share the load with the implant in the initial stages of bone healing.
This situation decreases the fatigue life of the implant as it requires the implant to support all the
weight bearing forces (Reems et al., 2006).
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The intramedullary pin-plate combination (plate-rod system) is primarily indicated for
comminuted fractures, when it is not possible to achieve anatomical reduction of bone fragments
(Beale, 2004; Von Pfeil et al., 2005; Goh et al., 2009; Konning et al., 2013). The presence of the
intramedullary pin reduces the forces acting on the bone plate, which increases the fatigue life of
the plate and prevents breakage. The intramedullary pin also facilitates the alignment of the bone
shaft (Hulse et al., 1997; Goh et al., 2009; Niederhauser et al., 2015). The rate of bone union
described for the plate-rod system is around 98% and major complication is the migration of the
intramedullary pin, requiring subsequent removal (Hulse et al., 1997; Beale, 2004).

Recently, an interlocking nail-plate combination (plate-nail system) has been developed with
the objective of achieving, in a single system, the advantages of each implant alone. Therefore, this
system can neutralize more effectively the main forces acting on the fracture. The implant seems
to promote high stiffness and stability for comminuted diaphyseal fractures, allowing adequate
bone repair (Muzzi et al., 2009).

The aim of this study was to compare the mechanical properties of the plate-nail vs. plate-rod
systems in compression and bending tests. These mechanical properties included the maximum
load supported by the implants, bending and compressive strength of the implants and the
structural modulus of each system. Besides the mechanical values, the maximum deformation of
bone defects and the types of failure which occurred with each system were also evaluated.

MATERIALS AND METHODS

Study design: The study was approved by the Bioethics Committee in Utilization of Animals of
the Federal University of Lavras, under protocol number 016/2009. Forty eight femora, without
evidence of orthopaedic disease, were harvested from twenty four middle to large sized adult dogs,
which had been euthanatized for reasons unrelated to this study. Specimens were wrapped in
towels soaked with isotonic saline (0.9% NaCl) solution and frozen in a conventional freezer until
plate-nail or plate-rod biomechanical testing. Twenty four hours prior to specimen reconstruction
and testing, they are removed from the freezer and thawed at room temperature (Von Pfeil et al.,
2005; Gordon et al., 2010).

In order to minimize differences among the animals with regards to age, bone porosity, bone
mineralization and anatomic conformation, which can alter the biomechanical results, comparison
between the two systems was performed using the pair of femora from the same animal. Thus, the
plate-nail system was applied to a femur and the plate-rod was applied to the contralateral femur
from the same dog. The selected bones were divided in 24 femora for the compression tests and
24 femora for bending tests. For the compression test, the bones were divided into two groups of
12 femora each, which the plate-nail system was implanted in one group and the plate-rod system
in the other group. In both plate-nail system and plate-rod system groups there were also two
subgroups of 2.7 and 3.5 mm implant constructs (six femora each). For the bending test the same
distribution of groups was performed.

Preparation of bone-implants constructs: An ostectomy was performed in each femoral
mid-diaphysis using a bone saw. The length of the bone defect corresponded to the diameter of the
femoral mid-diaphysis (Fig. 1). One femur received an interlocking mnail-plate combination
(Brasmed Veterinaria, Paulinia-Sao Paulo, Brazil) (plate-nail system) (Fig. 2). The plate-nail
system subgroups were composed of a either an 6 mm interlocking nail in combination with a
2.7 mm bone plate or an 8 mm interlocking nail with a 3.5 mm bone plate. The bone plate was
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Fig. 1(a-c): (a) Bonelength determination and identification using the same, (b) Marking the places
where the bone is sawed and (c) Upon completion of the ostectomies to mimic bone
defect

@ |

Fig. 2(a-d): (a) Interlocking nail (left) and bone plate (right), (b) Drawing demonstrating the correct
positioning of plate-nail system in femur. Cranial view (left) and lateral view (right),
(c) Cranial view and (d) Caudal view of specimens with plate-nail system. Right canine
femur with mid-diaphyseal gap and internal fixation with interlocking nail-plate
combination (plate-nail)

designed to accommodate the interlocking nail screws in its proximal and distal holes as a bridging
plate. The contralateral femur then received a intramedullary pin-plate combination
(Brasmed Veterinaria, Paulinia-Sao Paulo, Brazil) (plate-rod system) (Fig. 3). The plate-rod system
consisted of an intramedullary pin which filled approximately 40% of the diameter of the medullary
cavity in the bone isthmus. For plate-rod system, the bridging plate used was the same plate
designed for the plate-nail system with 2.7 and 3.5 mm plate constructs.
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Fig. 3(a-d): (a) Intramedullary pin (left) and bone plate (right), (b) Drawing demonstrating the
correct positioning of plate-rod system in femur. Cranial view (left) and lateral view
(right), (c) Cranial view and (d) caudal view of specimens with plate-rod system. Left
canine femur with mid-diaphyseal gap and internal fixation with intramedullary pin-
plate combination (plate-rod)

Fig. 4(a-b): Compression mechanical testing using femoral specimen, (a) Interlocking nail-plate
combination (plate-nail system) and (b) Intramedullary pin-plate combination (plate-rod
system)

All specimens were radiographed before biomechanical testing to assure correct alignment of
the implants. After testing, radiographs of each femur were taken to determine the maximum
deformation of the bone gap.

Mechanical testing: The compression test (Fig. 4) was performed in a universal testing machine
EMIC DL 30000 model (EMIC DL 30000, EMIC equipamentos e sistemas de ensaios Ltda., Sdo
José dos Pinhais, Parana, Brazil) using two plates for compression. The load cell used was 19600
Newton (N) and displacement speed was 10 mm sec™'. Proximal and distal epiphyseal ostectomies
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Fig. 5(a-b): Bending mechanical testing using femoral specimen, (a) Interlocking nail-plate
combination (plate-nail system) and (b) Intramedullary pin-plate combination (plate-rod
system)

were performed to allow placement of the specimens in the testing frame. Failure in compression
testing was determined when the specimens fractured (Alves et al., 2010).

The bending test (Fig. 5) was performed in a universal testing machine EMIC DL 30000 model
(EMIC DL 30000, EMIC equipamentos e sistemas de ensaios Ltda., Sao José dos Pinhais, Parana,
Brazil), with a load cell of 19600 N and displacement speed of 10 mm sec™'. Failure in bending was
considered complete when the specimens ruptured (Alves et al., 2010). The force was applied to the
lateral aspect of the femur bone on the plate.

The software provided by the universal testing machine gave the maximum load and stiffness
and strength of specimens in the compression and bending tests.

Statistical analysis: A Shapiro Wilk test was used to determine, if the data met the assumptions
of the ANOVA. If the overall F-test was significant, pairwise comparisons were based on one-sided
Tukey tests. The non-parametric data were evaluated using the Mann-Whitney test. Statistical
significance was set at 0.05 for all tests.

RESULTS AND DISCUSSION

The mean and standard deviation were presented in Table 1-4. The maximum load in
compression test was significantly different between the plate-nail and plate-rod systems in the
2.7 and 3.5 mm constructs (p = 0.03 in both). The maximum load in bending test was significantly
different between the plate-nail and plate-rod systems in the 2.7 mm constructs (p = 0.01) but it
was not significantly different between the systems in the 3.5 mm constructs (p = 0.73).

The stiffness in compression test was not significantly different between the systems in both
constructs sizes (p = 0.64 in 2.7 mm constructs and p = 0.17 in 3.5 mm constructs). The stiffness
in bending test was significantly different between the plate-nail and plate-rod systems in the
2.7 mm constructs (p = 0.02), but it was not significantly different between the systems in the
3.5 mm constructs (p = 0.86).
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Table 1: Summary of compression test data comparing plate-nail (interlocking nail-plate combination) vs. plate-rod (intramedullary
pin-plate combination) with 2.7 mm system constructs

System Maximum load (N) Compression strength (MPa) System stiffness (MPa) Maximum deformation (mm)
Plate-nail 1098.00+301* 11.0+4° 1362+8754 1.6+1.5°

Plate-rod 581.00+508" 7.0+5° 1207+342¢ 1.3+0.8°

p-value 0.03 0.1 0.64 0.76

Data with different superscripted letters are significant differences between constructs. N: Newton, MPa: Megapascal, mm: Millimeter

Table 2: Summary of compression test data comparing plate-nail (interlocking nail-plate combination) vs. plate-rod (intramedullary
pin-plate combination) with 3.5 mm system constructs

System Maximum load (N) Compression strength (MPa) System stiffness (MPa) Maximum deformation (mm)
Plate-nail 1493+420* 10.00+4° 786.00+416¢ 1.50+0.8°

Plate-rod 1001+£310° 9.00+£5° 1055.00+541¢ 2.00+1.7°

p-value 0.31 0.03 0.17 0.92

Data with different superscripted letters are significant differences between constructs, N: Newton, MPa: Megapascal, mm: Millimeter

Table 3: Summary bending test data comparing plate-nail (interlocking nail-plate combination) vs. plate-rod (intramedullary pin-plate
combination) with 2.7 mm system constructs

System Maximum load (N) Bending strength (MPa) System stiffness (MPa) Maximum deformation (mm)
Plate-nail 7914525 86.5+71° 2502+1055° 1.5+1.3

Plate-rod 160+91° 20.0+12¢ 1301+1119° 3.8+2.7%

p-value 0.01 0.06 0.02 0.02

Data with different superscripted letters are significant differences between constructs, N: Newton, MPa: Megapascal, mm: Millimeter

Table 4: Summary bending test data comparing plate-nail (interlocking nail-plate combination) vs. plate-rod (intramedullary pin-plate
combination) with 3.5 mm system constructs

System Maximum load (N) Bending strength (MPa) System stiffness (MPa) Maximum deformation (mm)
Plate-nail 819+790° 58.5+45.8" 1838+1288° 1.2+0.8¢

Plate-rod 979+926° 41.6+£32.6 2086+1922° 5.0+4.7°

p-value 0.73 0.4 0.86 0.19

Data with different superscripted letters are significant differences between constructs. N: Newton, MPa: Megapascal, mm: Millimeter

The compressive resistance was statistically similar for both systems in the 2.7 mm constructs
(p = 0.1) and 3.5 mm constructs (p = 0.31). The bending resistance was similar in the plate-nail
compared to the plate-rod system in both 2.7 and 3.5 mm constructs (p = 0.06 and p = 0.4,
respectively).

The result of the maximum deformation was not significantly different between the two systems
in both 2.7 and 3.5 mm constructs (p = 0.76 and p = 0.92, respectively).

The mean of maximum deformation in bending test for the plate-nail system was 1.5 mm and
for the plate-rod system was 3.8 mm in 2.7 mm constructs. The result was statistically different
between the two systems (p = 0.02) in compression test and it was also observed in bending test in
the two systems (p = 0.19).

Plate-rod and plate-nail systems allow maintenance of bone alignment without precise
anatomical reconstruction of the bone fragments. They present similar configurations and reduce
the chance of bone plate failure due to overloading forces (Bernarde et al., 2001; Stiffler, 2004;
Muzzi et al., 2009). Mechanical properties comparison between these two fracture fixation systems
was performed in this study aiming the subsequent clinical use of the implants. The use of canine
femora was felt to closely mimic clinical reality as other materials would not have the same bone
biomechanical properties (Gordon et al., 2010). The paired femora used for comparison between
systems minimized variations like bone porosity and mineralization. However, some researchers
recommend experimental models using other materials such as polymethyl methacrylate and
polyvinyl chloride (Hammel et al., 2006; Alves et al., 2010).

The maximum load supported by plate-nail and plate-rod systems was higher than the peak
vertical force sustained by a healthy dog. A large breed dog supports most of its weight on forelimbs
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and runs and jogs at a peak vertical force of approximately 76-107%, equivalent to a force of
223 and 315 N, respectively (Goh et al., 2009). Both constructs were able to appropriately neutralize
the forces acting during the normal locomotion of the dog but excessive activities like jumping from
great heights should be avoided.

The ordinary bone plate, when used alone, usually supports a mean load of 352.33 N in bending
and 547.7 N in compressive loads (Alves et al., 2010). Compared to current biomechanical data, the
plate-nail and plate-rod constructs use the combination of orthopaedic implants and they were
superior to neutralize both compression and bending loads.

A study compared the plate-rod system constructed with conventional bone plate and locking
plate in compression tests. The maximum load supported by the locking plate-rod was
1493.83+200.12 N and by the conventional plate-rod was 1276+156.11 N and this difference was
not statistically significant (Goh et al., 2009). These published values are different from those
described in our study for the plate-rod system, but they are similar to those obtained with
plate-nail system. However, it is difficult to compare the studies, because the aforementioned
researchers (Goh et al., 2009) applied the load on the greater trochanter, while in the current study
the load was applied along the axial length of the femur. Other study showed that plate-rod is more
effective with a more number of monocortical screws (Delisser et al., 2013).

According to published results, the intramedullary pin-plate construct is 10 times stronger than
bone plate used alone (Burton and Owen, 2007). It was also expected that the plate-nail system
construct was stiffer and stronger than bone plate alone when used for diaphyseal fixation.
However, the plate-nail system proved to be superior to the plate-rod system in maximum load and
similar in stiffness and strength in this report. The results of the current study revealed that
interlocking nail-plate combination is an effective fixation system in resisting both compression and
bending loads.

The bone plate is inferior to the interlocking nail when supporting bending loads, because the
interlocking nail has the larger inertial area (Von Pfeil et al., 2005; Kurum, 2012). Some
researchers (Radcliffe et al., 2001; Piorek et al., 2012) relate this fact to the eccentric location of the
plate in the bone, while interlocking nail occupies the central axial bone. As an interlocking nail
is more effective in neutralizing bending forces whereas the plate is fragile to neutralize this load,
great biomechanical synergism is expected with the combination of these orthopedic implants, as
observed with the plate-nail system.

The interlocking nail must occupy, as much of the medullary canal as possible to contain the
bending and torsion loads but in many cases there is slack between the interlocking nail and the
medullary canal, which increases the instability of the fracture fixation (Bruckner et al., 2014;
Dejardin et al., 2012, 2014). An external skeletal fixator combined with an interlocking nail is an
attempt to decrease bending and torsional instabilities (Klein et al., 2004; Goett et al., 2007;
Lansdowneet al., 2007). The plate-nail system acts decreasing the bending and torsion instabilities
and the postoperative management of the device is easier for the owner when compared to the
external fixator. The interlocking nail associated with external skeletal fixator replacing the bone
screws decreases instabilities (Goett et al., 2007). In this study, the plate-nail system allowed the
use of the interlocking nail juxtaposed to the medullary canal and the associated bone plate and
bicortical screws, optimizing the advantages of these orthopaedic implants.

Slightly flexible and elastic internal fixation is somewhat desirable for bone indirect healing
(Stiffler, 2004; Goh et al., 2009). The stiffness was similar between evaluated systems, except for
bending test in 2.7 mm system constructs. However, the great stiffness of both systems is desirable
in the initial phases of bone healing, because excessive movement at the fracture site can prevent
bone healing especially in highly comminuted fractures.
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The maximum deformation was similar statistically between plate-nail and plate-rod systems
in most tests conducted. In a mechanical study (Goh et al., 2009), the maximum deformation during
compression testing was not significantly different between plate-rod with conventional bone plate
and plate-rod with locking plate. The values obtained by researchers (Goh et al., 2009) were
5.02+0.87 mm using the plate-rod system with a conventional plate and 5.46+0.47 mm with the
locking plate. These results demonstrate that orthopaedic implant combinations, such as the
plate-nail construct used in this study, are able to decrease strain on the bone defect. Other studies
have reported axial deformations less than 0.2 mm when comparing plate-rod to interlocking nail.
In addition, implants with reduced deformation values favor bone healing (Von Pfeil et al., 2005).
Furthermore, micromovements within the fracture site, as can be deduced from the results in the
present study, appear advantageous to bone healing.

CONCLUSION

In conclusion, the plate-nail system is biomechanically similar in stiffness and strength to the
plate-rod system but the maximum load supported by plate-nail is superior to the plate-rod system
and this new orthopedic implants combination are a good option for diaphyseal long bone fracture
fixation in dogs.

ACKNOWLEDGMENTS

The authors thank Brasmed Veterinaria for donating implants for the study and Dr. Leandro
Lima and Dr. Améalia Turner Giannico for drawings. Supported in part by the Research
Support Fund of Minas Gerais (FAPEMIG) and Post-graduated Program of the Veterinary
Department of Federal University of Lavras. The authors do not have conflicts of interests.

REFERENCES

Alves, E.G.L., C.M.F. Rezende, H.P. Oliveira, N.F. Borges, P.F. Mantovani and J.S. Lara, 2010.
[Evaluation of the mechanics of of polyhydroxybutyrate and hydroxyapatite composite plates
in bone models of cat]. Arquivo Brasileiro Medicina Veterinaria Zootecnia, 62: 1367-1374.

Beale, B., 2004. Orthopedic clinical techniques femur fracture repair. Clin. Tech. Small Anim.
Pract., 19: 134-150.

Bernarde, A., A. Diop, N. Maurel and E. Viguier, 2001. An in vitro biomechanical study of
bone plate and interlocking nail in a canine diaphyseal femoral fracture model. Vet. Surg.,
30: 397-408.

Bruckner, M., M. Unger and M. Spies, 2014. In vitro biomechanical comparison of a newly designed
interlocking nail system to a standard DCP. Tieraerztliche Praxis Ausgabe Kleintiere
Heimtiere, 42: 79-87.

Burton, N.J. and M.R. Owen, 2007. Limb alignment of pes valgus in a giant breed dog by plate-rod
fixation. Vet. Comp. Orthop. Traumatol., 26: 236-240.

Dejardin, L.M., L.P. Guiot and D.J.F. von Pfeil, 2012. Interlocking nails and minimally invasive
osteosynthesis. Veterinary Clin. North Am.: Small Anim. Pract., 42: 935-962.

Dejardin, L.M., J.B. Cabassu, R.P. Guillou, M. Villwock, L.P. Guiot and R.C. Haut, 2014. In vivo
biomechanical evaluation of a novel angle-stable interlocking nail design in a canine tibial
fracture model. Vet. Surg., 43: 271-281.

368



Asian J. Anim. Sci., 9 (6): 361-369, 2015

Delisser, P.J., G.P. McCombe, R.S. Trask, J.A. Etches and A.J. German et al., 2013. Ex vivo
evaluation of the biomechanical effect of varying monocortical screw numbers on a plate-rod
canine femoral gap model. Vet. Comp. Orthop. Traumatol., 26: 177-185.

Goett, S.D., M.T. Sinnott, D. Ting, R.R. Basinger, R.C. Haut and L.M. Dejardin, 2007. Mechanical
comparison of an interlocking nail locked with conventional bolts to extended bolts connected
with a type-la external skeletal fixator in a tibial fracture model. Vet. Surg., 36: 279-286.

Goh, C.S.S., B.G. Santoni, C.M. Puttlitz and R.H. Palmer, 2009. Comparison of the mechanical
behaviors of semicontoured, locking plate-rod fixation and anatomically contoured, conventional
plate-rod fixation applied to experimentally induced gap fractures in canine femora. Am. J. Vet.
Res., 70: 23-29.

Gordon, S., N.M.M. Moens, J. Runciman and G. Monteith, 2010. The effect of the combination of
locking screws and non-locking screws on the torsional properties of a locking-plate construct.
Vet. Comp. Orthop. Traumatol., 23: 7-13.

Hammel, S.P., G.E. Pluhar, R.E. Novo, C.A. Bourgeault and L.J. Wallace, 2006. Fatigue analysis
of plates used for fracture stabilization in small dogs and cats. Vet. Surg., 35: 573-578.

Hulse, D., W. Hyman, M. Nori and M. Slater, 1997. Reduction in plate strain by addition of an
intramedullary pin. Vet. Surg., 26: 451-459.

Klein, P., M. Opitz, H. Schell, W.R. Taylor and M.O. Heller et al., 2004. Comparison of unreamed
nailing and external fixation of tibial diastases-mechanical conditions during healing and
biological outcome. J. Orthop. Res., 22: 1072-1078.

Konning, T., R.J. Maarschalkerweerd, N. Endenburg and L.F.H. Theyse, 2013. A comparison
between fixation methods of femoral diaphyseal fractures in cats-a retrospective study. J. Small
Anim. Pract., 54: 248-252.

Kurum, B., 2012. Interlocking nail stabilization of canine femoral fractures: Clinical experience and
results of the nineteen cases. Kafkas Univ. Vet. Fakultesi Dergisi, 18: 1027-1034.

Lansdowne, J.L., M.T. Sinnott, L.M. Dejardin, D. Ting and R.C. Haut, 2007. In vitro mechanical
comparison of screwed, bolted and novel interlocking nail systems to buttress plate fixation in
torsion and mediolateral bending. Vet. Surg., 36: 368-377.

Muzzi, L.AL., R.AL. Muzzi, AT. Giannico and L.R. Mesquita, 2009. Association of
interlocking-nail and bone plate (plate-nail) as a new method of fixation for long bones fractures
in dogs. Clin. Vet., 14: 244-245.

Niederhauser, S.K., T. Slobodan and U.T. Weber, 2015. Effect of screw position on single cycle to
failure in bending and torsion of a locking plate-rod construct in a synthetic feline femoral gap
model. Am. J. Vet. Res., 76: 402-410.

Piorek, A., Z. Adamiak, H. Matyjasik and Y. Zhalniarovich, 2012. Stabilization of fractures with
the use of veterinary interlocking nails. Pak. Vet. J., 32: 10-14.

Radcliffe, R.M., M.J. Lopez, T.A. Turner, J.P. Watkins, C.H. Radcliffe and M.D. Markel, 2001. An
in vitro biomechanical comparison of interlocking nail constructs and double plating for fixation
of diaphyseal femur fractures in immature horses. Vet. Surg., 30: 179-190.

Reems, M.S., G.E. Pluhar and D.L. Wheeler, 2006. Ex vivo comparison of one versus two distal
screws in 8 mm model 11 interlocking nails used to stabilize canine distal femoral fractures.
Vet. Surg., 35: 161-167.

Stiffler, K.S., 2004. Internal fracture fixation. Clin. Tech. Small Anim. Pract., 19: 105-113.

Von Pfeil, D.J., L.M. Dejardin, C.E. DeCamp, E.G. Meyer, J.L. Lansdowne, R.J.H. Weerts and
R.C. Haut, 2005. In vitro biomechanical comparison of a plate-rod combination-construct and
an interlocking nail-construct for experimentally induced gap fractures in canine tibiae.
Am. J. Vet. Res., 66: 1536-1543.

369



	ajas.pdf
	Page 1


