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ABSTRACT

Plate-pin constructs were evaluated clinically and radlographically for repair of di-
aphyseal tibial fractures in 10 adult apparently healthy mongrel dogs of both sexes
with an average age of 2 years and weighted about 20 kg B.W where fractures were
traumatically induced. The fractured tibias were stabilized by plate-pin constructs
using 3.5 mm bone plates (dynamic compression plates or semi-tubular plates) with
steinmann pins which occupied 35 to 40% of the medullary cavity. Bone plates were
applied medially and fixed with both mono-cortical and bi-cortical screws. FPostopera-
tive data obtained by evaluating radiographs and documented clinical findings. Eight
dogs showed normal clinical and radlographic bone healing.

The study suggested that the plate-pin construct has been considered as a sulfta-
ble and stable method for treatment of diaphyseal tiblal fractures with high rates of

fracture healing.

~ INTRODUCTION

Bone fractures constitute a major problem
in small animal practice particularly in dogs.
Fractures of the tibia are chosen because of
their relatively high incidence and may occur
at any level. They comprise about 21% of long
bone and 11.7% of total limb fractures. More-
over, they represent serious injuries, take a
long time to heal and historically have a very
poor outcome (Caudel & Stern, 1987; John-
son et al.,, 1994; Tornetta et al.,, 1994;
Singer & Kellam, 1995; Gorse, 1998 and
Harason, 2003).

Open reduction and internal fixation of

fractures (ORIF) is widely used in veteri-
nary orthopedics. However, the principles
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of ORIF continue to evolve with the in-
troduction of newer implants and methods in
attempts to improve the results. Proper im-
plant selection and surgical technique are
critical to a successful outcome (Perren,
1991; Gautirer et al.,, 1992 and Stffler,
2004).

There have been changes in the manage-
ment of diaphyseal fractures, toward less rigid
fixation techniques which result in bridging
the fracture gap without reconstruction of the
fracture fragments by using either buttress
plate, plate- pin construct, external skeletal
fixator or interlocking nail (Aron et al., 1995;
Braden et al., 1995; Johnson et al., 1998
and Palmer, 1999).
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The plate-pin construct has the additional
biclogical function to bridge the major frac-
ture fragments without the need for attempts
to reduce and stabilize adjacent small frag-
ments. Bridging ostcosynthesis has been
shown to result in faster healing as well as
quicker application for the repair of highly
comminuted fractures compared with frag-
ment reconstruction and bone plate applica-
tion (Hulse & Johnson, 1997 and Im & Tae,
2005).

The increased importance of this branch of
surgery prompted the planning of the present
work by evaluation of the use of plate-pin
constructs for repair of diaphyseal tibial frac-
tures Iin dogs in addition of assessment of
bone healing clinically and radiographically.

MATERIALS AND METHODS

The present study was conducted on a to-

tal number of 10 adult apparently healthy
mongrel dogs of both sexes with an average
age of 2 years and weighted about 20 kg B.W.
These animals were divided into two groups
according to the type of the implants.

a) Group I (B) dogs: application of plate-
pin constructs using dynamic compres-
sion plate (DCFP) and Steinmann pin.

b) Group II (5} dogs: application of plate-
pin constructs using semi-tubular plate
and Steinmann pin.

All dogs were injected 30 minutes prior to
start of surgery with Cephradine,* at a dose of
50 mg/kg B.W. 1/V; Gentamicin, ** at a dose
of 4 mg/kg B.W. I/V; and Meloxicam*** at a
dose of 0.125 mg/kg B.W. I/M. Anesthesia
was obtained by intravenous injection of Atro-
pine sulphate 0.1%**** at a dose of 0.1 mg/
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kg. B.W. I/M, followed by intravenous injec-
tion of Xylazine Hcl***** 2% at a dose of 1mg/
kg B.W. before anesthetic induction. Thiopen-
tal sodium****** was intravenously injected at
2.5% concentration for induction and mainte-
nance of general anesthesia.

Preaperative antero-posterior and medial
radiographs of the intended bone were taken
for each dog. Standard surgical approaches to
the involved bone were carried out for applica-
tion of plate-pin constructs according to Pler-
mattel (1993) and Hickman et al. (1995).
Steinmann intramedullary pin {IMP) of appro-
priate length and diameter was inserted ini-
tially via a normograde fashion, followed by
application of bone plates (Fig. 1}, Light com-
pression bandage was applied for one week.

Postoperatively, animals’ movements were
kept restricted in clean dry cages. Preopera-
tive antibiotics and anti inflammatory were
continued for five successive days. Postopera-
tively, data obtained by evaluating radio-
graphs and documented clinical findings were
recorded at 1, 2, 3 and 4 months after sur-

gery.

RESULTS

Following induction of fractures in tibia
and fibula, internal fixations were accom-
plished by plate-pin constructs. Steinmann
pins provided axial alignments that offered
partial stability for application of 3.5 mm
bone plates (DCP or semi-tubular plate). Post-
operative radiographs revealed proper fracture
alignment (Fig. 2).

One week postoperatively, all dogs were
ambulatory partiailly weight bearing of the
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operative limbs during stride and showed dif-
ficulties in succession. Seroma formation was
noticed at the fourth postoperative day and
wound breakdown was occurred in one dog
with DC plate-pin construct.

One month after surgery, 8 dogs landed
well in all directions without lameness. Radio-
graphs revealed beginning of healing process
from marginal site of the defect as the frac-
ture lines were ill distinct but not completely
disappeared. No visible callus was noticed
(Fig.3). One of these dogs with DC plate-pin
construct showed small granulomatous reac-
tion at the insertion sites of the IMP with long
protruded cut. Local wound dressing after
shortening the cut end allowed good healing.

A dog with semi-tubular plate-pin con-
struct showed protrusion of the screw heads
beyond the skin in the medial aspect after pri-
mary wound healing (Fig. 4). Radiographs re-
vealed pulling away of one screw in the distal
fracture fragment with signs of granuloma-
tous reaction. Inspite of that good progression
of fracture healing was occurred with ill dis-
tinct fracture line and presence of fine bridg-
ing callus of even density and smooth borders
(Fig. 5).

The dog with wound breakdown, showed
development of a sinus tract between exterior
and the fracture site. Radiographs revealed
signs of osteomyelitis with rough thick pro-
liferative periosteal reaction and cortical bone
resorption especially at the fracture edges
(Fig. 6).

Two months postoperatively, eight dogs
were clinically active with no signs of muscu-
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lar atrophy or lameness. Dogs were re-
anesthetized and pins were removed through
small incision 2 ¢m at the same site of inser-
tion using bone rongeur (Fig. 7).

Three months postoperatively, clinical ex-
amination revealed absence of pain at the
fracture site which indicating clinical union.
Radiographs revealed progressive healing of
the treated tibias manifested by absence of
the fracture line without visible callus. Plates
were removed through skin incisions over the
length of the bone plates. During the removal;
the plates found to be covered by normal soft
tissue and detached easily from its place.
Minimal footprints were perceived beneath the
plates(Fig. 8). Wounds were sutured followed
by pressure bandage. Restricted movement
was recommended for one month.

Radiegl_'aphs during the period of 4 wecks

~ after removal of plates revealed progressive re-

modeling of the healed bone. Bones took their
normal contour (Fig. 9}.

DISCUSSION

The tibial shaft was approached through a
cranio-medial incision which was along the ti-
bial length originating at the medial tibial
condoyle and terminating at the medial malle-
olus. Denny & Butterworth (2000) refused to
make the incision too medially, as the closure
will lie directly over the plate and makes prob-
lems with wound healing.

When applylng plate-pin construct; the
IMP diameter was occupied 35 to 40% of the
medullary cavity providing adequate stress
protection of the plate while allowing room for
the screws to be placed. IMP was inserted by
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normograde fashion through a limited cra-
nio-medial approach in the half way be-
tween patellar and medial collateral ligaments
at the stifle region. The IMPs were slightly
curved as they pass down the shaft of the tib-
ia. Roe (2003); Glyde & Arneit (2006) and
Brinker & Daniel (2007) mentioned that a
retrograde insertion of IMPs in tibial fractures
probably cause damages of cruclate liga-
ments, menisci and articular cartilage result-
ing in pain, lameness and, ultimately, degen-
erative joint disease which is not the case in
this study.

When using plate-pin construct, the IMP
resist bending in all directions while over-
comes other forces poorly. Auxiliary fixation
with bone plates counteract rotational, shear-
ing and tortional forces thus all forces become
neutralized at the fracture site during weight-
bearing (Vasseur, 1684; Dallman, et al.
1990; Dueland & Johnson, 1993; Dixon et
al.,, 19984; Dueland et al.,, 1996 and
McLaughlin, 1899).

Reduction and stabilization of any fracture
fragments till application of bone plates was a
hard task to be performed and took along
time. In plate-pin construct, once the IMP ap-
pears at the fracture site and driven into the
distal fragment, axial alignment was obtained
and final reduction was easy tc be made and
subsequently easy plate application. These
findings coincide with that reported by Aron
et al, (1995); Johnaon et al. (1898) and Ha-
rason (2002) who mentioned that soft tissues
around the fracture were minimally disrupted
thus preserving both fragments vascularity
and soft tissue envelope so named by biologic
osteosynsthesis.
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Once the IMP seated; the pin was cut
shortly enough so that it was not touch the fe-
moral condoyles at full extension of the stifle
Joint. The same procedure was conducted by
Stone (1981); EI-Barrany et al. (1994) and
Glyde & Arnett (2008). During application of
bone plates, cortical screws were angled away
from the IMP or the plates were offset slightly
to accomplish screws placement as described
by Brinker & Bailey (1997) and Deneuche &

Viguier (2002).

Although Johnston et al. (1991) and Eg-
ger (19938) stated that semi-tubular piate
used in bones where most of the load is taken
by another bone or bones such as metacarpal
and radius & ulna in dogs and fernur in cat
and not sufficlent as a sole method for tibial
diaphyseal fracture fixation. The present
study findings confirm that addition of IMP to
the plate reduces the disruptive physiologic
loads on the primary implant and virtually
eliminates the concentration of stresses at the
empty screw holes. Thus semi-tubular plates
can be used in treatment of tibial diaphyseal
fracture without fear from cyclic bending
which can lead to early plate fatigue and
screw loosening.

A case of semi-tubular plate-pin construct
screw head was protruded beyond the skin
and one screw was pulled out. Implant stabili-
ty was maintained and complete healing was
obtained. This could be attributed to the pres-
ence of IMP as mentioned by Singer and Kel-
lam (1995); Chapman and Olson (1996)
and Harason (2002).

Plate-pin construct compromises a very
rigid method of fixation in which healing
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occur by primary bone union which not pro-
gressed satisfactory unless minor evidence
of secondary bone healing is found. Radio-
graphically, a slow filling of the fracture line
with bone density material, little or no perios-
teal callus formation (Morgan & Leighton,
1985).

IMPs were removed after radiographic heal-
ing resulting in increasing load sharing by the
bene, which may further stimulate complete
bone healing. This was in agreement with that
recorded by DeYoung & Probst (1993) and
Olmatead et al. {1995) who mentioned that
pin removal has additional biological benefit
of dynamination at the fracture site, as bone
is formed where stresses require its presence
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and resorbed where stresses do not require it.

In the present study, during removal of
bone plates in plate-pin constructs, faint foot-
prints were perceived beneath the plate in all
treated cases and no cases of re-fracture was
recorded. This could be explained as the in-
ternal fixator design of plate-pin construct
has the advantage that number of screws are
much less, the screws were mostly monocorti-
cal and subsequently screw insertion does not
draw the bony fragments to the plate and
hence, the precise contouring of the plate is
less important in achieving accurate fracture
reduction and preserving periosteal blood
supply (Uhthoff et al., 1994; Cordey et al.,
2000; Frigg, 2001 and Perren, 2002).
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Fig. (1) Showing:

Plate pin construct application: IMP was Inserted by normograde fashion till emerging
from the distal end of the proximal fragment (A) axial alignment was obtained just after
the pin was driven into the distal fragment (B) partlal stability was obtained allow easy
application of DCP (C).

Fig. (2): Preoperative (A) and postoperative (B) antero-posterior and medial radiographs showing

application of DC plate-pin construct with proper fracture reduction. Note: application
of two monocortical screws and four bicortical screws.

Mansoura, Vet. Med. J.
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Fig. (8): Antero-posterior (A) and Medial (B) radiographs of DC plate-pin construct at one month
postoperatively showing il} distinct fracture line. Note: no visible bridging callus.

Fig. (4) Showing :
Protrusion of five screw heads (arrows) of the semi-tubular plate beyond the skin in the
medial aspect of the tibia after primary wound healing,
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Fig. (B): Antero-posterior (A} and Medial (B) radiographs of semi-tubular plate-pin construct at
one month postoperatively, showing pulling away of one screw (arrow) in the distal frac-
ture fragment. Note: complete disappearance of the fracture line and presence of fine
bridging callus of even density and smooth borders.

'

o .

Fig. (8): Antero-posterior (A) and Medial (B) radiographs of Dc plate-pin construct showing active
signs of osteomyelitis with rough thick proliferative periosteal reaction and cortical bone
resorption especially at the fracture edges (arrow).
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Fig. (7) Showing:
Antero-posterior and Medial radiographs two months postoperatively; of DC plate-pin
construct; before (A) and after (B) removal of the steinmann IMP.

Fig. (8) : Showing removal of DC plate-pin construct three months postoperatively; normal soft
tissue covered the plate (A) the plate was detached easily (B) minimal footprint was per-
celved beneath the plate (C).
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Fig. (9): Antero-posterior (A) and Medial (B) radiographs of repaired tibial diaphysis 4 weeks alter
removal of the DCP showing progressive remodeling of the healed bone, no callus forma-
tion and normal bone remodeling,
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