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ABSTRACT 

Plate-pin constructs were evaluated dinically and radiographically for repair of dJ· 
aphyseal tibJal fractures in fO adult apptlrcntly healthy mongrel dogs of both sexes 

With an average age 012 years and weighted about 20 kg B, W where tracturcs were 

traumatically Induced. The fractured tibias were stabilized by plate-pin constJ'uets 

uSing 3.5 rom bone plates (dynamic compreSSion plates or semj~tubular plates) with 

stcJ.nmann pins whlcb occupied 35 to 40% of the medullary cavity. Bone plates were 

applied medially and f1:x:cd with both mono~corueaJ and bi-cortical screws, Postopera­

tive data obtaIned by evaluating radiographs BIJd documented clinical flndJngs, Eight 

dogs showed normal diI11cai and radJographlc bone healing, 

The study suggested that the plate-pin construct has been considered as li suita­
ble and stable method for treatment of diaphyseal tJbia.1 iTaetures With high rates of 
fracture heWing. 

(IS 

INTRODUCTION 
Bone fractures constitute a major problem 

in small animal practice particularly in dogs. 
Fractures of the tibia are chosen because of 
thcir relatively hlgh inCidence and may occur 
at any level. They comprtse about 21% of long 
bonc and 11,7% of totalltmb fractures, More­
over. they represent serIous inJunes, takc a 

long tiIne to heal and histOrically have a very 
poor outcome (CRude] 6: Stem. 1987; John­
_ et aI.. 1994, TDmetta et aI., 1994, 

SIngu " Kellam, 1995, Goree, 1998 and 
__ 2003). 

of ORIF continue to evolve With the in­

troduction of ncwer Jmpiants and methods tn 
attempts to improve the results. Proper im­

plant selecUon and surgical technIque are 
critical to a successful outcome (Perren. 
1991, Oautlrcr et aI .. 1992 and Stu!ler. 
2004). 

Open reduction and internal fixation of 
fractures (ORIF) 15 Widely used In veteri­

nary orthopedics. However. the principles 

__ VIoL Jhd. oF. (98 - 106) 

There have been changes in the manage­

ment of diaphyseal fractures. toward less r1gId 
fixation techniques which result tn bridgtng 
the fracture gap Without reconstruction of the 
fracture fragments hy us!ng eIther buttress 
plate. plate- pin construct. e.'Xlernal skeletal 
fixator or interlocktng naJl (Aron et al •• 1995; 

Braden et aI .. 1995, Jobnaon et aI •• 11198 
and Palmer. 1999), 
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The plate-pin construct has the additional 

bIOlogical funCtion to bIidge the major [rac* 

ture fragments without tbe need for attempts 

to reduce and stabl1Jz.e adJaeent small trag" 
menis. Bridging osteosynthesis has been 

shov."1l to result in faster healing as well as 

quJcker application for the repalr of hIghly 
comminuted fractures compared With frag­
ment reconstruction and bone plate appUca~ 
tien (Hulse 6: Jobnenu, 1997 and 1m 6: Tae~ 
20(5), 

The increased importance of th[s branch of 

surgery prompted the planning of the present 
work by e,,'aluatlon of the use of platewpln 

constructs for repair of diaphyseal tibial frac­
tures In dogs in addition of assessment of 
bone healing clinICally and radiographIcally. 

MA1'E1l1ALS 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 d1vtded !nto two groups 
according to the type of the Implants. 

a) Group 1 (6) do., applicatlon of plate­
pin constructs USing dynamic compres­
sion plate {DCP) and Stelnrnann pin. 

b) Group II (51 do., appllcation of platc­
pm constructs uSing semi-tubular plate 
and Steinmann pin, 

All dogs were injected 30 minutes prior to 
start of surgery With Cephrad!ne.· at a dose of 
50 rnglkg B.W, IIV; GentamIcin, .. at a dose 
of 4 rng/kg B.W. l/V; and Me1oxicam·" at a 
dose of 0.125 mglkg B.W. l/M. AnesthesIa 
was obtained by Intravenous injection of Atro­
pme sulphate 0.1% ..... at a dose of 0,1 mg! 
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kg, B. W, 11M, followed by intravenous InJee­
tion of Xylazlne Hcl· .... • .. 2% at a dose of 1 mgl 
kg B,W. before anestheUc Induction. Thiopen­
tal sodlum· .... ·"" was intravenously injected at 

2,5% ooncentratlon for 1oduetton and mainte­
nance of general anesthesia. 

Preoperative 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 appllca~ 
lion of plate-pln constructs according to Pler­
matte! (109S) and _lanan et aI. (1995). 
Steinmann Intramedullary pin (IMP} of appro­
prIate length and diameter was inserted ini­
tially via a normograde fashIon, follov.'ed by 
applicauon of bone plates (Fig. 1), L1ght com­
preSSion bandage was applied for one week, 

Postoperatively. anlmals' movements were 
kept restricted 10 dean dry cages. Preopera. 
tive anUbloUcs and anti inflammatory were 
continued for five succesSive days. Postopera­
tively, data obtained by evaluaung radio­
graphs and documented clinical findings were 
recorded at t, 2. 3 and 4 months after sur­
gery. 

RESULTS 
FoUowtng induction of fractures 1n tibia 

and fibula, Jnternru fixations were accomM 
plished by plate·pLn constructs. Steinmann 
pIns prOVided axial alIgnments that offered 
partial stability for application of 3.5 rom 
bone plates (DCP or semi-tubular platel. Post~ 
operative radIographs revealed proper fracture 
alignment (FIg, 2), 

One week postoperaUvely, all dogs were 
ambulatory parUally weIght bearIng of the 
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operatlve limbs during stride and showed dlf4 

flcultles in succession, Seroma formation was 
noticed at the fourth postopcraUye day and 

wound breakdown was occurred in one dog 
"lith DC plate-pin construct. 

One month aiter surgery, 8 dogs landed 
well in all direcUons Without lameness. Radio­
graphs revealed beginning of healing process 

from marginal site of the defect as the frat:­

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 reae­

tion at the Insertion sHes of the IMP With long 
protruded cut. Local wound dressl.ng 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 lJ1 the medial aspect after pri­
mary wound healing (Fig. 4). RadIographs re w 

vealed pulling away of one screw in the dtstal 
fracture fragment wtth SignS of granuloma­
tous reacUon, Jnspttc of that good. progression 
of fracture healing was oecurred with tIl diS­

tinct fracture Hne and presence of fine brldgw 
Ing callus of even denslty and smooth borders 
[Fig. 5J. 

The dog with wound breakdown. showed 
deVelopment of a sinus tract between exterior 
alld the fraeture site. Radiographs revealcd 
stgns of osteomyeliUs with rough thlck pro­
Uferauve perlo.steal reactlon and cortical bone 
resorptton espeeially at the fraeture 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 rew 

anesthetized and pins were removed through 
small incision 2 em at the same site of 1nser~ 
lion USing bone rongeur {F'Ig, 7l. 

Three months postoperaUvely. eUnlcal ex· 
amination revealed absence of pain at the 
fracture site which indicating chnlcal union. 

Radiographs revealed progressive healing of 
the treated Hblas manifested by absence of 
the fracture we without vislble callus, .Plates 

were removed through skin inciSions over the 
length of the bone plates, During the removal: 

the plates found 10 be covered by normal soft 
tissue and detached casUy from 1ts plaee. 
Minimal footprInts were perceIved beneath the 
plates[Flg. 8}. Wounds were sutured followed 

by pressure bandage. Restricted movement 
was recommended for one month. 

Radiographs during the perJod of 4 weeks 

after removal of plates revealed progresslve re­
modeUng of the healed bone, Bones took their 
normal contour (FIg. 9). 

DISCUSSION 
The tibial shaft was approached through a 

cranio~medial1nC!SIon wh1ch was along the U· 
b1al length originattng at the medial ublal 
condoyle and termlnaung at the medial malle­

olus. ~ 6: Buttenrorth (2000) refused to 
make the Incision too medIally. as the closure 
wtU lie directly over the plate and makes prob· 
lems with wound healing. 

When applying plate-pin construct; the 
IMP dtarneter was occupIed 35 to 40% of the 
medullary cavity prOviding adequate stress 
protection of the plate whlle allowtng room for 
the screws to be placed, IMP was inserted by 
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normograde fashion through a limited era­

ola-medial approach in the half way be­

tween patellar and medial eollateral ligaments 
at the stifle region. The IMPs were slightly 
curved as they pass dO\vn the shaft of the t1b~ 
la. Roe (:1003), Q~e .!It _ (2006) and 
_ .!It Dan101 12007) mentioned that a 
retrograde insertion of IMPs In tibial fractures 
probably cause damages of eructate liga­

ments, menisci and articular cart:Ua.ge result· 
ing in pain, lameness and, ulUmateJy, degen­

erative Joint disease whIch Is not the case 1n 
this study. 

\\'hen using plate-pin construct, the IMP 

res1st bending in all dlrecUons whUe over­
comes other forces poorly. lUlxUlary fixation 

wIth bone plates counteract rotational. shear­
tug and toruonal farees thus all forees become 
neutralized at the fracture site durlng weIght­
bearing (Vaaaeur. 1984; Danman. et at. 
11190, Duoland .!It J_. 1993, DlI:tm et 
aI.. 1994, Duoland et aI.. 1998 and 
MeLaugblln. 1999). 

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 Jl\.1P ap­

pears at the fracture site and driven lOto the 
distal fragment, axial aIJgnment was obtaIned 

and final reduction was easy to be made and 
subsequenUy easy plate appl1cation. These 
findings coincide with that reported by Aron 
et aI. (1995l; J_ et aI. (1998) and. Ha­
raaon (2002) who mentioned that soft tissues 
around the fracture were minlmaHy dIsrupted 
thus preserving both rragments va.&Culartty 
and soft tissue envelope so named by bJologtc 
osteosynsthesis. 

96 

Onee the IMP seated; the pin was CUt 
shortly enough ao that It was not touch the fe­
moral condoyles at full extenslon of the sHfle 
JOJnt. The same procedure was eonducted by 

Stone 1198111 El-Bammy et aI. 11994) and. 
~ .!It Arnett: 1:1006). Durtng appllcauon of 
bone plates. cortIcal screws were angled away 

from the ilvlP or Ihe plates were offset slJgtlLly 
to accompllSh acrews placement as described 
by _ .!It Bailey (1997) and Deneucbe .!It 
VlguIer (20021. 

Although JoImIton et aI. (1991) and EII­
ger (1993) stated that semI-tubular plate 

used in bones where most of the load Is taken 
by another bone or bones such as metacarpal 
and radIUS & ulna in dogs and femur in cat 
and not sufftelent as a sole method for tibIa! 
diaphyseal fracture fixation, The present 

study findings conftrnJ. that add1tlon of IMP to 

the plate reduces the dIsruptive physiOlogtc 
loads on the prtmary Implant and Virtually 

eHminates the concentration of stresses at the 
empty screw holes. Thus semi-tubular plates 
can be used In treatment of tibial diaphyseal 
fracture v.1thout fear from cyelic bendlng 

which can Lead to carly plate fatigue and 
screw loosening. 

A case of sem1~tubular platewpin construet 

screw head was protruded beyond the skin 
and one screw was pulled out. Implant stabUl· 
ty was maintained and complete healing was 
obtained. This could be attr1buted to the pres· 
ence of IMP as mentioned by Smpr and Kel· 
lam (1995); Cbapman and 01_ 11998) 
and. Haraaon 1200:1). 

Plate~pin construct compromises a very 

rigld method of fixation in which heal1ng 
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occur by primary bone union which not prt>­

gressed satisfactory unless minor evidence 
of secondary bone heal1ng Is found. Radio­
graphically, a slow mUng of the fracture Hne 
with bone density material, little or no perlos~ 

teal callus rormation (Morgan &: LeIghton. 
1996}. 

I:MPs were removed after radiographic heal~ 
mg resulting in increastng load sharing by the 
bone. whieh may further stimulate complete 
bone healing. ThIs was in agreement with that 
recorded by DeYoung a Prob.t (1993) an(! 

Olmstead et at (995) who mentioned that 
pin removal has additional blaloglcal benefit 

of dynamtnatIon at the fracture sHe, as bone 
1s formed where stresses requ1re its presence 
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and resorbed where stresses do not reqUire it. 

In the present study, durIng removal of 
bone plates in pl.ate~pin constructs, faint foot­
prtnts were perceived beneath the plate in aU 

treated cases and no cases of re-fracture was 

recorded. This could be explained as the tn· 
ternal fixatof deslgrl of plate-pIn construct 
bas the advantage that number of screws are 
much less. the serews were mostly monocort:!~ 
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 (Uhlholf el 01 .. 1994, COtdey et 01., 
2000; Fr1gg. 2001 and Perren, 2002}. 
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ng. (1) Showtng: 
Plate pin construct application; IMP was inserted by normograde fashton tin emerglng 
from the distal end of the proximal fragment (Al axial alignment was obtained just after 
tbe pin '"-'as driven into the distal fragment (Bl partial stability was obtained allow easy 
appUcatlon of DCP (e). 

FSC. {2}: Preoperative (Al and postoperative (5) antero~posterlor and medial radiographs sho'\\iflg 
application of DC plate·pin construct With proper fracture reduction. Note: appllcaUon 
of two monocortica1 screws and four btcortlca} screws. 
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PIg. (S): Anlero-postertor tAl and Medial {S) radiographs of DC plate~ptn construct at one month 
postoperatively showing ill dl$tinct fracture line. Note: no ViS1ble bridgtng callus. 

JI'J&. (4) ShOWIng , 
ProtrusIon of five screw heads (arrows) of the semHubular plate beyond tbe skIn in the 
med!.al aspect of the Ub1a after prtmary wound healing. 
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FIg. (5): AnteTO~po5terlor tAl and MedJal {B} radiographs of semHubular plate~pln construct at 
one month postoperatively. shoWing pulling away of one screw (arrow) In the distal frae· 
ture fragment. Note: complete disappearance of the fracture line and presence of fine 
bridging callus of even denSlty and smooth borders. 

F1g. (6): snowing active 
signs of osteomyelitis with rough thick proliferative periosteal reaction and corUcal bone 
resorption especially at the fraeture edges (arrow), 
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PIg. (7) Sh-..,: 
Anterovposterlor and Medial radiographs two months postoperatively; of DC plate-pin 
construct; before lA) and after {8} removal of the ste1nroann IMP, 

ng. (8) : ShowIng removal of DC plate-pm construct three months postoperatively; normal soft 
tissue covered the plate (A) the plate was detached easily {51 m1nlmal footpnnt was per­
ceived beneath the plate (C), 
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P'1g. (9): Antero-posterlor tAl and MedIal (B) radiographs of repaired tibial dlaphYS1S 4 weeks after 
removal of the DC? showtng progressive remodellng of the healed bone. no callus forma­
tion and normal bone remodeHng. 
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