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ABSTRACT

Plate-pin constructs wcre cvaluated clinically and radlographically for repair of di-
aphyseal tibial fractures in 10 adult apparenty 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 fraetured tibias wcre stabllized by plate-pin construets
using 3.5 mm bone plates (dynamic compression plates or semi-tubular plates) with
steinmann pins which occupled 35 to 40% of the medullary cavity. Bone plates were
applied medially and fixcd with both mono-cortieal and bi-eortical screws. Postopera-
uve data obtained by evaluating radiographs and documented clinieal Andings. Eight
dogs showed normal clinical and radiographic bonc healing.

The study suggested that the plate-pin construct has been eonsidered as a suita-
ble and stable method for treatment of diaphyscal tbjal fractures with high rates of

fracture healing.

INTRODUCTION

Bone fractures constitute a major problem
In small animal practice particularly in dogs.
Fractures of the tibla are chosen bccause of
their relatively high incidence and may occur
at any level. They comprisc about 21% of long
bonc and 11.7% of total Ilmb fracturcs. More-
over, they represent serlous injurles, takc a
long timc to hcal and hislorically have a very
poor outcome (Caudel & Stern, 1987; John-
son et al., 1994; Tornefta et al., 1994;
Singer & Kellam, 1996; Gorse, 1998 and
Harason, 2003).

Open reduction and internal fixation of

fractures (ORIF) s widely used in veteri-
nary orthopcdics. However, the principles
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of ORIF conlinue to evolve with the in-
traduction of ncwer tmplants and methods {n
attempls to unprove the results, Proper im-
plant selection and surgical technique are
criical to a successful outcome (Perren,
1981; Qautirer et al., 1992 and Stiffler,
2004).

Therc have been changes In the manage-
ment of diaphyseal fractures, toward less rigtd
fixation techniqucs which result in bridging
the fraeture gap without reconstruction of the
fracture fragments by using elthcr 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
blological function to bridge the major frac-
ture fragments without the need for attempts
to reduee and stablllze adjaeent small frag-
ments, Bridging osteosynthesis 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,
20056).

The Increased tmportance of this branch of
surgery promptled the planning of the present
work by evaluation of the usc of plate-pin
constructs for repair of diaphyseal tibial frac-
tures In dogs in addition of assessment of
bone healing clinically and radlographically.

MATERIALS AND METHODS

The present study was conducted on a to-

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

a) Group 1 (B) dogs: application of plate-
pin constructs using dynamic compres-
ston plate (DCP) and Steinmarnn pin.

b) Group U {5) dogs: application of plate-
pin constructs using semi-tubular plate
and Steinmann pin.

All dogs were infected 30 minutes prior to
start of surgery with Cephradine.* at a dose of
50 mg/kg B.W. 1/V; Gentamlcin, ** at a dose
of 4 mg/kg B.W. 1/V; and Meloxicam*** at a
dose of 0.125 mg/kg B.W. 1/M. Anesthesia
was obtained by Intravenous injectlon 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 injee-
tion of Xylazine Hcl***** 2% at a dose of 1mg/
kg B.W. before anesthetic induetion. Thiopen-
tal sodium****** was Intravenously trijected at
2.5% concentration for induetion and mainte-
nance of general anesthesia.

Preoperative antero-posterior and medial
radlographs of the Intended bone were taken
for each dog. Standard surglcal approaches to
the involved bone were carried out for applica-
tion of plate-pin constructs according to Pler-
mattel (1993) and Hickman et al. (1965).
Steinmann Intramedullary pin (IMP) of appro-
priate length and diameter was inserted inl-
tially via a normograde fashion, followed by
application of bone plates (Fig. ). Light com-
pression bandage was applied for one week.

Postoperatively, anitmals’ movemenis were
kept restricted in clean dry cages. Preopera-
tive antiblotics and anti inflammatory were
continued for flve successive days. Postopera-
Uvely, 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 flxations were accom-
plished by plate-pln constructs. Stelnmann
pins provided axial alignments that oflered
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 doga were
ambulatory partially weight bearing of the
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operative limbs during stride and showed dif-
ficultes In succession. Seroma formation was
noticed at the fourth postopcrative 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 lll distinct but not eompletely
disappeared. No vistble callus was notieed
(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 Ln the medial aspect after pri-
mary wound healing (Fig. 4). Radlographs 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 oecurred with Ul dis-
tinet fracture line and presence of flne bridg-
ing callus of even denslity and smooth borders
(Fig. 5).

The dog with wound breakdown, showed
development of a sinus traet between exterfor
and the fraeture site. Radiographs revealed
signs of osteomyelitis with rough thick pro-
liferatlve perlosteal reactlon and cortical bonc
resorption espeefally at the fraeture edges
(Fig. 6).

Two months postoperatively, elght dogs
were clinjeally active with no signs of muscu-
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lar atrophy or lameness. Dogs were re-
anesthetized and pins were removed through
small incisfon 2 cm 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 unlon.
Radiographs revealed progressive healing of
the treated ttbias manifested by absence of
the fracture line without visible eallus, Plates
were removed through skin Ineisions over the
length of the bone plates. During the removal;
the plates found to be eavered by normal soft
tilssue and detached casily from Its plaee.
Minimal footprints were perceived bencath the
plates(Fig. 8). Wounds were sutured followed
by pressure bandage. Restricted movement
was reeommended for one month.

Radiographs during the period of 4 weeks
after removal of plates revcaled progressive re-
modellng of the healed bone. Bones took their
normal contour (Flig. S}.

DISCUSSION

The tibial shaft was approached through a
cranio-medial incision which was along the -
blal length originating at the medial tibial
eondoyle and tcrminating 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 makcs prob-
lems with wound healing.

When  applytng plate-pin eonstruet; the
IMP diameter was oceupied 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 lUmited era-
nio-medial approach in the hall way be-
tween patellar and medial eollateral igaments
at the stifle region. The IMPs were slighlly
curved as they pass down the shaft of the tib-
1a. Roe (2008); Glyde & Arnett (2006) and
Brinker & Daniel (2007) mentioned that a
retrograde insertion of IMPs in tibfal [ractures
probably eause damages of eruclate liga-
ments, menisct and articular cartilage result-
{ng {n pain, lameness and, ultimately. degen-
erative joint disease which is no! the case in
this study.

When using plate-pln eonstruct, the IMP
resist bending in all directions while over-
comes other forces poorly. Auxiliary fixation
with bone platecs counteract rotational, shear.-
ing and tortional forees thus all forees become
neutralized at the fracture stte during weight-
bearing (Vasseur, 1684; Dallman, et al.
1680; Dueland & Johneon, 1983; Dixon et
al., 1094; Dueland et al., 1588 and
McLaughlin, 1898).

Reductlon and stabilization of any fracture
fragments till application of bone plates was a
hard task to be performed and took along
tlme. In plate-pin construct, once the IMP ap-
pears at the fracture site and driven Into the
distal fragment, axdal alignment was obtained
and final reduetion was easy to be made and
subsequently easy plate application. These
findings coinclde with that reported by Aron
et al. (1685); Johnsaon et al. (1998) and Ha-
reaon (2002) who mentioned that soft tissues
around the fracture were minimally disrupted
thus preserving both fragments vascularity
and soft tissue envelope so named by bilologic
osteosynsthesis.

Mansoura, Vel. Med. J.

b8

Once the IMP seated; the pin was cut
shortly enough so that it was not touch the fe-
moral condoyles at full extenslon of the stifle
Joint. The same procedure was eonducted by
Stone (1881); El-Barrany et al. (1994) and
Glyde & Amett (2006). During application of
bone plates, cortical screws were angled away
from the IMP or the plates were offset slighty
to accomplish screws placement as described
by Brinker & Bailey (1897) and Deneuche &
Viguier (2002).

Although Johnston et al. (1861) and Eg-
ger (1993) stated that semi-tubular plate
used in bones where most of the load (s taken
by another bonc or bones such as metacarpal
and radius & ulna in dogs and femur In cat
and not sufftelent as a sole method for tibial
diaphyseal [raeture fixatlon. The present
study findings confirm that addition of IMP to
the plate reduces the disrupttve physiologic
loads on the primary implant and virtually
eliminates the concentration of stresses at the
cmpty screw holes, Thus semi-tubvlar plates
can bec used in treatment of tiblal diaphyseal
fracture without fear from cyelic bending
which can lead to carly plate fatigue and
screw loosening.

A case of semi-tubular plate-pin construet
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 (1985); Chapman and Olson (19986)
and Harason (2002).

Plate-pin construct compromlises a very
rigid method of fixation in which healing
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occur by primary bone union which not pro-
gressed satisfaetory unless minor evidence
of secondary bone healing {s found. Radio-
graphically, a slow filling of the fracture line
with bone density materlal, little or no perios-
teal callus formation (Morgan & Letghton,
1808).

IMPa were removed after radiographic heal-
ing resulting in increastng load sharing by the
bone, whieh may further stUmulate complete
bone healing. This was in agreement with that
recorded by DeYoung & Probst (1883} and
Olmstead et al. {1985) who mentloned that
pin removal has additlonal blological 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 reguire Lt.

In the present study, during removal of
bone plates in plate-pin constructs, faint foot-
prints were percetved beneath the plate in all
treated cases and no cases of re-[racture was
recorded. This could be explalned as the in-
ternal fAxator design of plate-pin construct
has the advantage that number of screws are
much less, the serews were mostly monocorti-
cal and subsequently screw insertion does not
draw the bony (ragments to the plate and
hence, the preclse contouring of the plate is
less {mportant in achleving accurate fracture
reduction and preserving periosteal blood
supply (Uhthoff et al., 1884; Cordey et al.,
2000; Frigg, 2001 and Perren, 2002).
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Fig. (1) Showling:
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} partial stability was obtained allow easy
applicallon of DCP (C).

g, (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.
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F1g. (8): Antero-posterior (A) and Medial (B) radiographs of DC plate-pin construct at ene month
postoperatively showing ill distinct fracture line. Notc: no visible bridging callus.

Fig, (4) Showing :
Protrusion of five screw heads (arrows) of the semi-tubular plate beyond the skin ta the
medlal aspect of the tibia after primary wound healing.
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Fig. (8): Antero-posterior (A) and Medial (B) radiographs of seml-tubular plate-pin construct at
one month pestoperatively, 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 eallus of even denstty and smooth borders.

P

Fg. (8): Antero-posterior (A) and Medial (B) radiographs of Dc plate-pin construct showing active
signs of asteomyelitis with rough thick proliferative periosteal reaction and cortical bone
resorption especially at the fracture edges (arrow).
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Rig. (7) Showing:
Antero-posterfor and Medial radiographs two months postoperatively; of DC plate-pin
canstruct: before (A) and after (B) rcmoval 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) minlmal footprint was per-
ceived beneath the plate (C).
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Fig. (9): Antero-posterior (A) and Medlal (B} radlographs of repaired tibial dlaphysis 4 weeks after
removal of the DCP showing progressive remodeling of the healed bone. no callus forma-
tion and normal bone remodeling.
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