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LC-DCP is claimed to be a better implant as compared with the conventional DCP, with
respect to low—bone-surface-contact, decreased incidence of porosity, increased and better
vascularity of bone tissue, and earlier healing time. In the present study the experimental
study was performed on 8- adult dogs divided into 2-groups, A and B. In Groups A and B,

DCP and LC-DCP implants were used, respectively. The efficacy of the two plate systems

Key Words: Dynamic
compression plates, Limited

was assessed on the basis of physiological parameters, radio-graphic evaluation. Each dog
was radio graphed with medio-lateral projection (ACOMA, JAPAN, Df-50). The radiographs

contact dynamic compression ~ were obtained at an interval of 2 weeks to examine the progress of callus formation with

plates, Femoral fractures,

respect to each plate fixation system. Group A showed not good callus formation as some

Dogs have large callus. Group B dogs showed ideal fixation of implant with accurate Small callus
formation. From all this results of this study clearly proved that LC-DCP is better implant
than DCP in terms of above parameters for repair of femoral fracture especially in dogs.
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INTRODUCTION

The femur is the longest bone in the mammalian skeleton.
Femoral shaft fractures can result from high energy as well
as low-energy trauma and 30% of patients have multiple
injuries in these cases (please give reference to support your
statement). Chances of femoral fracture in dogs below 1 year
of age are 51.78% and below 2 years of age are 69%. Overall
chances of fracture are 29.94% in dogs and most of them are
long oblique femoral shaft (73.21%) and supra-condylar
fracture (19.64%) (Tercavlioglu, 2009). Fractures can be
treated by means of various kinds of external and internal
fixation devices. Internal fixation devices include
intramedullary pins, elastic stable intramedullary nails
(ESIN), bone plates, orthopedic wires, and screws (Roe,
2003). The primary bone plate system is the Dynamic
Compression Plate (DCP), in which the holes are designed
in such a way that they cause compression of the fracture
fragments (Roe, 2003). Their superiority over other
implants lies in their characteristics that they can effectively
neutralize compression, shearing, rotational and bending
forces on the bone (Stiffler, 2004). However despite some
advantages, the Dynamic Compression Plates also have
some disadvantages such as weakening, osteoporosis and
necrosis of the underneath bone. Chances of infection after
DCP are generally greater as compared to that after the LC-
DCP implants (Perren, 1988). Advantages of LC-DCP over
DCP are that it has been designed in such a way that stress
is not concentrated at the screw holes. The solid portion of
the plate is scalloped at the top and bottom which reduces
the area of contact with the bone and hence exerts

comparatively less effects on the blood supply (Roe, 2003).
The additional benefits of these newer implants are that
their torsion and bending properties are comparable with
the DCP in the fixation of simple transverse diaphyseal
fractures (Miclau et al., 1995).

The present study was designed to evaluate the t two
plate fixation systems i.e. DCP plates and LC-DCP plates,
in terms of appropriate fracture reduction, implant position,
early fracture healing, lesser infection rates, early callus
formation and better vascularization of the bone.

MATERIALS AND METHODS

The trial was performed on 8 dogs of local breed of either
sex. The dogs were divided into 2 groups, A and B
comprising four dogs each. The animals of group A were
designated as  Al, A2, A3 and A4 and that of group Bas B,
B2, B3 and B4.

In group 1, DCP was applied while in group 2, LC-DCP
was applied to fix experimentally created long oblique
femoral fractures.

Pre-operative dog preparation for surgery: All the dogs
were examined for their health status through complete
physical examination. All the dogs were kept in kennels of
Surgery Section (CMS) of University of Veterinary and
Animal Sciences, ILahore. Luke worm water and
antibacterial soap Dettol (Lever Broth; Pakistan) were used
for bathing. Rabicin vaccine (Rhone Meriux) was
administered to all the dogs as a prophylactic measure.
Ectoparasites were controlled by using Trichorophan
(Seguvon; Symons Pharmaceuticals Pakistan).
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Fenbendazole was used for control of round worms (Zental
suspension; Smith Kline Becham) at the dose rate of 6mg/kg
body weight (Green, 2006). The whole limb from the point
of hip to the pastern joint was shaved one day before
surgery.

In addition to the general surgical instruments, the
following special orthopedic instruments were prepared by
autoclaving.

1. Periosteal elevator.

2. Lowman’s bone clamp.

3. Bone plates of 2 sizes as follow
(a) Dynamic Compression Plate (DCP) 3.5mm broad
(b) Limited contact-Dynamic compression plate

(LC-DCP) 3.5mm broad.

4. A hand bone drill machine with a set of drill bits of
different sizes.

5. Bone saw.

6.  Plate screws as with specific size 3.5 mm.

7. Bone hammer.

8. Depth gauge for 3.5 mm plate

9. Bone chisel.

10. A Cerclage wire of 20 gauges.

11.  Lagscrews of 30 mm, 32mm, and 34mm length.

12. Screw driver according to the top of the screw

(hexagonal).

13. Bone tap.
14. Wire cutter
15.  Wire twister

Anesthetic consideration: The following protocol was
followed:

Pre anesthetic medication: Xylazine-HCI at the dose
rate of 0.4mg/kg along with atropine sulphate at the
0.02mg/kg body weight before general anesthesia.

(b) Anesthetic medication: Animals were anesthetized
with Ketamine-HCI at the doze rate 5mg/kg body in
combination with Xylaze, in a ratio of 2:1 was given as a
general anesthetic before start of surgery. Half of doze was
given at once and the remaining half given in small doses
with checking of reflexes after small interval of time as per
requirement.

Surgical Protocols

For complete aseptic surgery, sterilized surgical gowns and
sterilized disposable surgical gloves, caps, masks were worn
before the surgical operation and hands of the surgeon,
assistant surgeon and assistants were scrubbed properly
with six minutes scrubbing protocol before touching to the
sterilized surgical dress (Slatter 2003).

First of all, the operative site was clipped and shaved off
at lateral side from point of hip to pastern joint and from
medial side also. After clipping and shaving, soap was used
to clean surgical site. The dog was moved to the operation
theatre and restrained in left lateral recumbence on table.
Scrubbing was done in linear fashion from centre towards
periphery of complete hind limb to avoid infection by
povidone surgical scrub (Pyodine surgical, Brooks).
Scrubbing was done to make area free from microbes. Sterile
surgical drapes were placed around surgical area and around
the lower portion of the limb. The first drape was placed in
such a fashion that the central opening area covered the
limb and whole body of the animal. Then four drapes
fashion was secured to patient skin by towel clamp as the
patient’s hind quarter is covered. (Slatter 2003)

All surgical instruments including drapes, scissors,
forceps, needle holders, scalpel handles, trays and bowels
were sterilized in autoclave before surgery are arranged on
the sterilized table after scrubbing of my hands.

Surgical Technique

For the surgery, the animal was placed in lateral
recumbence with the limb to be operated on top. The femur
was exposed through a cranio-lateral approach (Slatter
2003). Then afterwards, a long oblique fracture was induced
using a heck saw. After adequate reduction, the respective
bone plates were applied in each group using standard
procedures (slatter 2003).

Figure. 1. Fracture induction in femoral shaft: a long oblique fracture,
approximately greater than twice the width of the bone, was induced in
the femoral mid-shaft using a bone saw

Figure 2 drilling of holes in the bone cortices using 3.5mm drill bit for
application of bone plate to dog Al

Observations

The operated animals were kept under observation in
animal house facility for the experimental period of three
months and the efficacy of the internal implants were
evaluated on the basis of the following parameters:

Clinical Fvaluation

It included evaluation through the following parameters.

1. Gait and lameness analysis.

2. Presence of pain.

3. Wound healing.

Radiographic Findings

The animals were restrained in lateral recumbence and
radiographs of the femora were obtained through a medial—
lateral projection. The radiographs were obtained at an
interval of 15-days to examine the progress of callus
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formation with respect to each plate fixation system. The
radiographs also made it convenient to visualize the implant
position and ascertain proper reduction of the fracture.

REUSLT
In this experimental study my project DCP had been
compared with LC-DCP in presence control by keeping
physical findings and Radiographic findings.
Experimental Parameters
The effectiveness of the technique was evaluated through
following parameters.

Physical findings
B. Radiographic findings
A, Physical Findings

1)  Gait and lameness analysis.

2) Presence of pain.

3)  Wound healing.
Gait and Lameness Analysis:
Animals of each group were tested at various intervals for
lameness, according to the grades.

Table I: Lameness grading Scale in both groups A and B at
walk

Degree Lameness
No lameness

+ Mild lameness

++ Obvious lameness

+4 Marked lameness

+et Three-legged lameness
Group A (DCP)
At Walk

During the healing period, the gait was evaluated on the
basis of the degree of lameness. This was checked at an
interval of 2 weeks after the surgery till three months post—
operatively. The dogs showed different degrees of lameness
at different periods.

In the beginning lameness was quite pronounced in all
the experimental animals; Dog Al showed three— legged
lameness but with the passage of time it showed
improvement and at the end of 12 weeks, no signs of
lameness were present. Dog A2 and A4 showed marked
lameness even after 2™ week post-operatively, however, at
later stages only mild lameness ensued. Dog A3 was weak,
lethargic and completely unwilling to stand up post-
operatively. At two weeks after the surgery, it developed
severe osteomyelitis and signs of 4" degree lameness.
Finally, after the 3rd week it expired.

Further results of lameness are evaluated in Table No.
4.2.

At Trot

Animals in group A were also evaluated for lameness at trot,
at four weeks postoperatively. The results were not much
different from those at walk. Dog A4 showed marked
lameness at 2" week which improved with the passage of
time till at 12 week it finally resolved with good recovery
and showed no signs of lameness.

Table 2: Lameness gradmg in group. A dogs (DCP) at walk

Assumption
~union and dog A3 expired in 3™ week
Group B (LC-DCP)
Ar Walk
In group B (LC-DCP), during the healing period after the
surgical procedure, the gait was evaluated for signs of
lameness at walk. This was checked at an interval of 2
weeks after surgery till the end of the experimental period.
The results of the LC-DCP were quite promising in all dogs.
Dogs Bl, B2 and B4 showed ideal weight-bearing from
the very next day after surgery, owing to ideal fixation of the
imdplant However, dog B3 showed three-legged lameness at
week. Radiographs were suggestive of plate
dlsplacement The plate was removed; however, the dog
expired at 4™ week post-operatively due to osteomyelitis
and a generalized febrile skin disease.
Further results of lameness are evaluated in Table No. 3

Table.3: Lameness grading in group B Dogs (LC-DCP) at
walk

Dog 211(1 4th 6\:11 Sth loth lzth
No. week  week week  week week week

Bl - - - - - -

B2 - - - - - -

B3  ++++  expired expired expired expired expired

B4 - - - - - -

Table.4: Results of Lameness grading in both group B Dogs
(LC-DCP) and Group A (DCP) at walk

group d groupb
44.4444444 4.16666666

Mean 4 7

Variance 776.1437908 91.91176471

Pooled Variance 434.0277778

Hypothesized Mean 0

Difference

Df 34

t Stat 5.8

P(T<t) one-tail 7.8317E-07

t Critical one-tail 1.690924198

P(T<t) two-tail 1.56634E-06

t Critical two-tail 2.032244498

Key: Mean of DCP is 44.444 which are more than 4.166 of LC-
DCP and P¢ 1.566E-07(00000001.566) which shows P value is
less than 0.05 the value of a so it shows that the both groups
had not equal lameness score and group B(LC-DCP) have less
lameness as compared to group A(DCP)

At Tror

Animals in group B were also evaluated for lameness at trot.
This was begun at four weeks post-operatively as in group
A. The results were not much different from walk. Dogs B,
B2 and B4 showed good recovery with tlme however, Dog
B3 showed three-legged lameness at 2™ week due to
implant loosening, and later expired at 4™ week post-
operatively.

Assumption

From above table it is assumed that lameness is absent in

dog 2™ 4™ 6" 8™ 107 ™ 75% of animals. While in 25% it is sever. This was expired
No. week week  week  week  week week later on due to osteomyelitis.
Al R R ++ +4+ + +
A2 +4+4+ +4+4+ ++ + + =
A3 ++++  Expired Expired Expired Expired Expired
A4 +++ ++ ++ + + -
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Graph. 1: Lameness Scores at walk (Mean) in Group A (DCP) and Group B
(LC-DCP) Dogs; DCP: Mean- 44.44; LC-DCP: Mean- 4.166, P < 1566 E-
07(00000001.566) (significant); Lameness scoring was done on the basis of
the following chart: ++++ (100%), +++ (75%), ++ (50%), + (25%), = (0%)

Pain Grading

All the dogs showed normal routine without the exhibition
of any sever pain signs except dog Al and A3 in group A
(DCP) and B3 in group B (LC-DCP), which showed severe
pain on 2™ day postoperatively; however, after the injection
of Dicloran”(Diclofenac sodium) BD, the pain was alleviated
the very next day. Response to pain was recorded according
to the following scale:~

Table 5: Pain grading scale

Pain type Grade

None 1

Mild 2

Moderate 3

Severe 4

Unbearable 5
Table 6: Average Value for pam gradmg in Group A (DCP)
Dogs 1* 2 4™ 10™ ™

day week week Week Week week  week

Al 4 4 3 3 2 2 2
A2 3 3 3 2 2 2 1
A3 4 4 expired - - - -
A4 3 3 3 3 3 2 1
Assumption

From table it is assumed that sever pain in 50 % animals and
Moderate in 50% at start. Later on controlled but Al had
pain throughout research trial.

Assumption

From table it is assumed that 75 % have moderate and just
25% sever signs of pain.

Table 7: Result of value for pain grading in Group B (LC-
DCP) and Group A(DCP).

Group A Group B
Mean 2.571428571 2
Variance 0.657142857 0.7
Pooled Variance 0.678571429

Hypothesized Mean Difference 0

NESUS
Df 40
t Stat 2.247805948
P(T<t) one-tail 0.015085106
t Critical one-tail 1.683851014
P(T<¢t) two—tail 0.030170212
t Critical two—tail 2.02107537

Key: Mean of DCP is 2.571 which are more than 2 of LC-DCP
and P< 0.03017 which shows P value is less than 0.05 the value
of a so it shows that the both groups had not equal pain score
and group B(LC-DCP) have less pain as compared to group
A(DCP)

Mean

2.571428571
25

15

H Series1

Pain score Mean

0.5

Group A GroupB

Experimental groups(Animals)

Graph. 2: Pain Scores (Mean) in Group A (DCP) and Group B (LC-DCP)
Dogs. DCP: Mean-= 2.571; LC-DCP: Mean- 2, P <0.03017* (significant); Pain
scoring was done on the basis of the following chart:-5(100%), 4 (75%), 3
(50%), 2 (25%), 1(0%)

CONCLUSION

From tables No. 4.8 and 4.9 it is concluded that signs of pain
were sever in group A (DCP) and in group B (LC-DCP)
pain signs were less comparably.

Wound Healing

The wound healing of all dogs took a longer time than
normal due to severe weather and temperature fluctuation.
On an average, wound healing took about three weeks.
Drops of blood were seen falling from the wound incision in
dogs Al, A3 of group A and B3 in group B, on the first few
days postoperatively. However, this minor bleeding was
covered with intramuscular injection of Transamine
250mg/day/dog. Dog No. A3 and B3 expired on 3™ and 4"
week post-operatively while the others remained viable
throughout the course without symptoms. While dog A4 in
group A and dog B2 in group B in which dehiscence of
suture line occurred due to biting and scratching and
ultimately led to infection. In these dogs, infection was
controlled by using broad-spectrum antibiotics for 5 days
Oxidill® 500mg I/V. Daily dressing of the wound was also
accompanied using Pyodine” antiseptic lotion (Brookes)
and Mycitracin® cream (Galxo Smithkline 2000).
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Figure. 3: Radiograph of Dog A2 (Group: DCP) - evidence of callus
formation at 45 days post-operatively

Radiographic Findings

Each dog was radio graphed. The radiographs were obtained
by restraining the animal in lateral recumbence with medio—
lateral projection (ACOMA, JAPAN, Df-50). The
radiographs were obtained at an interval of 2 weeks to
examine the progress of callus formation with respect to
each plate fixation system.

Dogs A2 and A4 showed good callus formation. Dog Al
suffered with osteomyelitis in the 3 week post-operatively;
this was covered through optimal treatment, however, due
to implant loosening, Dog Al recovered with a mal-union.
Dog A3 expired in the 3™ week post-operatively.

Group B dogs showed ideal fixation of implant with
displacement occurring only in dog B3 at 2 weeks post-
operatively.

DISCUSSION

Orthopedics is an important and advanced part in
veterinary surgery and a rapidly expanding field of
veterinary practice. Because body movement depends on
musculoskeletal system, hence early recovery and return to
normal function with minimal complications is the goal of
orthopedic major ultimate surgery. In the hind quarter
femur is longest and strongest bone in the living beings’
skeleton. Femoral shaft fractures can result from high
energy trauma and 30% of patients have multiple injuries in
these cases (Flohe, 2009). Chances of femoral fracture in
dogs below 1 year of age are 51.78% and below 2 years of age
are 69%. Overall chances of fracture are 29.94% in dogs and
most of them are long oblique femoral shaft (73.21%) and
supra-condylar  fractures (19.64%) as documented
(Tercavlioglu, 2009). Different techniques have been
employed for the purpose of retention like different kinds of
bandages, casts, splint bandages, and various kinds of
external and internal fixation devices. Internal fixation
devices include intra-medullary pins, elastic stable intra-
medullary nails (ESIN), bone plates, orthopedic wires, and
screws Roe (2003).

The present experiment was conducted to compare two
implants and internal fixation of femoral fractures. Their
efficacy (DCP & LC-DCP) was evaluated on the basis of
lameness at walk and trot, pain scoring and radiographic
bases. Both the groups were evaluated and group B (2"
gave clear indications that LC-DCP resulted in quicker
recovery as compared to group A of DCP.

Figure 4: Radiograph of Dog Bl (Group LC-DCP) - evidence of perfect
alignment and fixation of implant, at 2 weeks post-operatively

In the present project vital signs as Temperature, Pulse
and Respiration were also recorded post-operatively for the
check of health status or any infection or stress condition.
Elevation in the temperature and pulse of all animals of
group A and group B were noted for first few days of
postoperative period; similar findings have been reported by
Passos (1986), during the early post-operative treatment
period after orthopedic surgery.

Group A (DCP) dogs suffered prolonged period of
lameness, which were attributed to the complications
occurring post-surgically. Fracture union was good in all
dogs except dog Al of group one as it shows mal-union.
Mal-union may be due to consequent osteomyelitis (Slatter,
2003), arising as a result of implant loosening, as was the
case in Dog Al, as some discussed by Stephan M. Perren
(2002). In dog A2 shows marked lameness from beginning,
however, later on it was covered. Dog A3 suffered three—
legged lameness due to osteomyelitis (Slatter, 2003),
consequently leading to its death in the 3™ week post—
operatively. Dog A4 shows marked lameness after surgery,
however, it later recovered with no signs of lameness. In
group B (LC-DCP) the dogs show showed ideal weight
bearing from the next day owing to ideal fixation of the
implant. Only dog B3 showed three-legged lameness from
the 2™ week, the reason being plate displacement. This dog
later expired due to osteomyelitis in the 4™ week; these
findings were in agreement with those described by Perren
(1990).

Pain scoring was almost normal in the first 2 to 3 weeks
in all dogs of both groups except dog Al and A3 who had
severe pain. Dog Al shows signs of osteomyelitis but later on
recovered and showed decreased incidence of pain, while
Dog A3 expired due to osteomyelitis (Perren, 1990). In
group B, dog B3 expired in the 4th week, post-operatively.
The same results have also been evidenced by Perren (1990).
All other dogs of group B (LC-DCP) showed moderate pain
signs and recovered well with the passage of time and
healing process.

Thorough physical evaluation of wounds these animals
showed that the healing of surgical site was satisfactory in
most of the dogs except dog Al and A3 in group A, because
the both show signs of osteomyelitis, later on the dog Al
recovered but dog A3 expired in the 3™ week. While the
dogs in group B showed a positive outcome of the suturing
technique, except dog B3 in which dehiscence of suture line
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occurred due to biting and scratching and ultimately led to
infection, which expired in the 4" week, post-operatively.
In these dogs, infection was controlled by using broad-
spectrum antibiotics for 7 days Oxidill® 500mg I/V. Daily
dressing of the wound was also accompanied using
Pyodine” antiseptic lotion (Brookes) and Mycitracin® cream
(Galxo Smithkline 2000); and Inj. Pherasym® (Ghazi
brothers, Pakistan) as antihistaminic; later the wounds
healed by granulation tissue.

The radiographic evaluations of the Dogs A2 and A4 in
group A showed large callus formation. Dog Al suffered
with osteomyelitis in the 3™ week post-operatively; this
was covered through optimal treatment, however, due to
implant loosening, Dog Al recovered with a mal-union. Dog
A3 expired in the 3™ week post-operatively. Contrastingly,
in group B, reduction and fixation of the fractured fragments
was ideal and dogs regained 100% limb function early on in
the healing phase, as evidenced by callus formation and
complete bone union. These results were in close agreement
with the findings of Bosscha and Snellen (1993). Only Dog
B3 showed implant displacement in the 2™ week post—
operatively, which ultimately led to osteomyelitis and death
of this animal. In all other dogs, the fractured site gained
good mechanical strength. This was in accordance with the
findings documented by Rand (1981) and Lucas and Peiffer
(1999). The radiographic evidence of callus formation was
good in group B: LC-DCP shows better results as compared
to the DCP group, as also evidenced by Allgower et al.
(1969) in their study.

On the basis of the present project it was concluded that
the use of Limited Contact-Dynamic Compression Plate
(LC-DCP) holds an edge over the conventional Dynamic
Compression Plate (DCP). Despite its slightly higher cost,
the low degree of plate-bone contact of the LC-DCP
promises reduces healing time and optimizes callus
formation, leading to early return of limb function, as
evidenced through radiography evaluation.
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