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Abstract

The study evaluated the using interlocking nails and locking compression plates for tibial fracture repair in 12 dogs.
Clinical, physical, physiological and radiographic examinations were conducted to diagnose tibial fracture in all dogs.
Non-descriptive was the most commonly involved with 91.66 % of cases followed by mudhole hound with 8.33% of cases.
The major cause of tibial fracture was automobile accident in 66.66 % cases, followed by pig fight in 16.66 %, hit injury in
8.33% and fall from height in 8.33%. Tibial fractures were more common in males (75%) than females (25%). Early
weight bearing at rest and while walking was observed in both groups. All dogs in LCP group achieved grade I lameness
score while in ILN group, three dogs achieved grade I lameness score by 30" post-operative day. Radiographic evaluation
showed progression of fracture healing characterized by less callus formation in locking compression plating (LCP) than
interlocking nail (ILN) fixation. According to the findings of this study, both of the techniques were found effective in the
treatment of transverse tibial fractures in dogs.
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Highlights
® Non-descriptive breed was the most commonly affected accounting for 91.66% of cases

® Radiographs showed better healing with less callus formation in LCP than in ILN
® [CP with combination holes enables both internal fixation and dynamic compression
® Early weight bearing was observed in both ILN and LCP groups post-surgery
® All LCP group dogs achieved the grade I lameness by the 30" postoperative day
INTRODUCTION location, nature, and the surgeon’s expertise (El-shafey
In dogs long bone fractures are a major concern in etal., 2022).
small animal practice (Allah et al., 2009). Tibial Interlocking nails have been utilized in human
fractures were frequently observed among dogs. These medicine for fracture fixation since the 1950s, usually
fractures accounF for 20% of all long bon.e fracture inserted with a close technique aided by fluoroscopy.
cases observed in dogs (Ilker, 2020). Diaphyseal In veterinary practice, interlocking nails emerged in
fractures account for approximately 73% of all tibial the 1990s, employing an open insertion method
fractures (Van der Elst er al., 1999). In treating tibial facilitated by a jig to locate the nail holes. The concept
and fibular fractures in animals, various methods are of the interlocking nail in the treatment of long bone
emp]oyeq depending on the se':ver'ity of the .injury. For fracture evolved from the intramedullary nail and later
uncomplicated fractures with intact skin, closed “detensor” nail designed by Kuntscher in the 1940s
reduction and external fixation using Robert Jones and late 1960s (Dejardin et al., 2012). In the 1970s,
bandages or Gypsona/fiber glass mater'ials are common. Huckstep developed the first true interlocking nail to
If] fmore severe cases, open .re%dpctlon an.d internal treat femoral fractures in humans. The introduction of
f1xgt1on may be ne.cessary, utilizing techniques such interlocking nails in veterinary medicine, with
as intramedullary pins, bone plates, plate rods, or ILN. innovations emerging independently from Dueland in
The choice of method depends on factors like fracture the USA and Durall and Difaz-Bertrana in Europe. These
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pioneers independently developed prototypes and
instruments tailored for clinical use. Interlocking nails
can be utilized in both static and dynamic modes
(Georgiadis et al., 1990). Interlocking nails (ILN)
emerge as a promising option for minimally invasive
fracture management, serving as an appealing
alternative to standard bone plates, particularly in
addressing comminuted diaphyseal fractures (Arican
et al., 2017). The emergence of ILN heralded a
paradigm shift in fracture management, offering a
minimally invasive yet highly effective alternative.
By leveraging intramedullary stabilization principles,
ILN minimizes surgical trauma, preserves periosteal
blood supply, and facilitates biological fracture
healing. The design of ILN allows for precise
anatomical reduction and multiplanar stability, thereby
optimizing fracture alignment and promoting early
functional recovery. Moreover, ILN boasts superior
biomechanical properties, including enhanced
resistance to torsional, bending, and shearing forces.
This translates into improved fracture stability and
reduced risk of implant failure, thus enhancing long-
term clinical outcomes. Additionally, ILN mitigates
complications associated with conventional fixation
methods, such as infection, delayed union, and implant
failure, further underscoring its clinical utility.
Interlocking Nail Fixation (ILN) is particularly well-
suited for addressing comminuted fractures because it
effectively withstands bending, axial, and torsional
forces while also serving as a form of biological fracture
treatment (Gatineau and Plante, 2010; Arican et al.,
2017).

The evolution of the plating technique, initiated
by Sherman in 1912, has followed a developmental
trajectory. The formation of the Association for Study
of Internal Fixation (ASIF) in 1958 marked a pivotal
moment, leading to innovations such as the dynamic
compression plate (DCP) (Maritato, 2019). Subsequent
developments focused on reducing bone-plate contact,
resulting in the introduction of the least contact
dynamic compression plate (LC-DCP) and point
contact fixators (PC-Fix). The development of locked
compression plates (LCP) was a collaborative effort
involving clinicians, researchers, and industry. In
1998, Prof. Dr. Michael Wagner pioneered the use of
threaded screws alongside standard screws for the first
time. Clinical application of LCP commenced in
March 2000, with its introduction in veterinary
medicine taking place in 2005 (Frigg, 2003) The
introduction of the locking compression plate (LCP)
marked a significant advancement, combining two
distinct anchorage technologies within a single

implant. Drawing from the experiences with PC-Fix
and Less Invasive Stabilization Systems (LISS), the
LCP principle revolutionized fracture treatment.
Unlike previous systems, the LCP’s combination holes
offer surgeons versatility, enabling the application of
internal fixation and dynamic compression principles
tailored to the fracture site. Depending on the patient’s
circumstances, the LCP can function as a compression
plate, locked internal fixator, or a hybrid of both
approaches (Niemeyer and Sudkamp, 2006). The study
was thereby planned to evaluate the two rigid fracture
fixation techniques viz. intramedullary interlocking
nailing and locking compression plating for
management of tibia bone fracture in dogs.

MATERIALS AND METHODS

The study was done to compare the interlocking
nail and locking compression plate for tibial fracture
repair in 12 dogs (11 Non-Descript and 1 Mudhol
Hound) presented to the Department of Veterinary
Surgery and Radiology, Veterinary College, Bidar.
Clinical, physical, physiological and radiographic
examinations were conducted to diagnose the fractures.
Fractures were immobilized by open reduction and
internal fixation using ILN and LCP. Six cases of tibial
fractures were observed in group I. These cases varied
in age, sex, and etiology of the fracture, including
automobile accidents (4), hit injuries (1), and pig fights
(1). For normograde interlocking nailing, the entry
point was established at the medial tibial condyle using
abone awl. A Steinmann pin was used to create a guide
tract in the medullary cavity. An interlocking nail of 5
mm diameter of lengths 140 mm, 160 mm and 180 mm
along with transcortical screw of 2 mm thickness of
lengths 14, 16, 18, 20 and 24 mm were secured using
an aiming device. Screw holes were drilled, and locking
screws were placed in static mode. Stability was
confirmed before detaching the aiming device (Fig. 1).
The fractures affected three right and three left tibia.
The screw placement typically involved one screw in
the proximal fragment and one or two screws in the
distal fragment. The ILN diameter was determined by
measuring the intramedullary cavity at the isthmus
region of the tibia. In group II, cases presented similar
diversity in terms of etiology, ranging from pig fights (1),
automobile accidents (3) falling from height (1) and
bike accidents (1). The fractures involved four right
and two left tibia. A 3.5 mm LCP with eight holes was
used in five cases, while a six-hole plate was used in
one case. Following manual fracture reduction or
stabilization with bone-holding forceps, a
preoperatively selected LCP of appropriate length was
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positioned on the medial aspect of the tibia. Self-
tapping locking head cortical screws (3.5 mm) ranging
from 14 to 24 mm in length were used for fixation
(Fig. 2). Pre-operative radiographs were taken in
orthogonal views (Fig. 3). The dogs were
preanesthetized with atropine sulfate (@0.045 mg/kg
IM), sedated with dexmedetomidine (@10 pg/kg IV),
and general anesthesia with propofol (@3 mg/kg IV).
Maintenance of general anesthesia was achieved with
2 to 3% isoflurane.

Post-operatively injection amoxicillin-sulbactam
was administered @ 10 mg/kg intravenously twice a
day for 5 days and tab. carprofen @ 4 mg/kg orally for
3 days to control infection and inflammation. Lameness
grading was carried out on the pre-operative day and
post-operative on 15", 30" and 60™ day based on the
weight-bearing nature during stance and while
walking. Weight-bearing was graded as given by
Vasseur et al. (1995). The radiographs were obtained
pre-operative and post-operative operation on 15%, 30
and 60™ day to assess the progress of bone healing and
complications. Based on the status of the implant,
callus formation and union of fragments fracture
healing was determined.The data obtained were
tabulated and statistically analysed using the student’s
t-test as outlined by Snedecor and Cochran (1994).

RESULTS

In group I the mean age was 13+1.36 months and
the mean body weight of 18.66 +1.11 kg. In group II
mean age of the dogs was 10.33+1.96 months and the

mean body weight was 15.83+2.57. All 12 dogs
underwent radiographic examination revealed that 4
dogs had transverse proximal fracture and 8 dogs had
transverse mid diaphyseal fracture.

In group I partial Weight-bearing of the operated
limb during walking was seen as early as the 1% post-
operative in two dogs, 3™ post-operative day in one
dog, 7" post-operative day in two dogs and 10" post-
operative day in one dog. In group II partial weight-
bearing of the operated limb during walking was seen
as early as the zero post-operative day in two dogs, 3™
post-operative day in two dogs, 8" post-operative day
in one dog and 12" post-operative day in one dog.
Lameness grading according to Vasseur et al. (1995)
at various intervals postoperatively is given in
(Table 1).

Immediate post-operative radiographs confirmed
proper placement of the interlocking nail and screws,
with correct alignment and apposition of fracture
fragments in all six dogs in Group I (Fig. 4). Follow-up
radiographs on the 15" postoperative day confirmed
proper alignment of fracture fragments in all cases, with
visible radiolucent fracture lines and evident periosteal
reactions (Fig. 5). By the 30" day, bridging callus
formation was noted, with the fracture line diminishing
in four cases and remaining faint in twocases. Slight
screw bending was observed in one case but did not
affect stability (Fig. 6). On the 60" day, dense bridging
callus was present, and remodeling of the callus was
noted, but continuity of the medullary canal was not
restored (Fig. 7).

Table 1. Post-operative lameness grading of dogs under study

Groups Case No. Pre-operative Day 0 Day 15 Day 30 Day 60
1 \Y% v I I I
2 A% m m I I
3 \Y% v Uit Il Il
ITLN 4 A% v I I I
5 v v Il I I
6 \% v I I I
1 \Y% v I I I
2 \Y% I I I I
ITLCP 3 A% m I I I
4 A% m I I I
5 v v Il I I
6 \Y Il Il I I

Grade I-Normal weight bearing on all limbs at rest and while walking
Grade II-Normal weight bearing at rest, favors affected limb while walking

Grade III — Partial weight bearing at rest and while walking

Grade IV- Partial weight bearing at rest; does not bear weight on affected limb while walking

Grade V- Does not bear weight on limb at rest or while walking
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In Group 11, all six dogs exhibited correct alignment
of fracture fragments with the implant following surgery
(Fig. 8). Post-operative 15" day radiograph showed
appropriate alignment of the fracture fragments. The
radiolucent fracture line was still evident with noticeable
periosteal reaction at the fracture site (Fig. 9). Post-
operative 30" day progressive bridging callus was noted
at the fracture line, which appeared faint (Fig. 10).
Radiographs on postoperative day 60" the callus
remodeling suggested progressive union of the fragments
with the locking compression plate (LCP) (Fig. 11).

DISCUSSION

The mean age was 13+1.36 and 10.33+1.96 months
in group I and group II respectively, dogs aged up to
12 months had the highest occurrence of fracture with
66.66% (n=8) and dogs aged above 12 months to 18
months had 33.33%(n=4). Fracture occurrence was
highest in young ones (up to 1 year). Similar
observations have been reported by Eyarefe and
Oyetayo (2016), and Abo-Soliman et al. (2020). The
study revealed that tibial fractures were more common
in males (75%) than in females (25%). The findings
were in agreement with Kumar ez al. (2020), and Abo-
Soliman et al. (2020). Non-descriptive was the most
commonly involved with 91.66% of cases (n-11)
followed by Mudhole hound with 8.33% of cases
(n-1). Similar findings of the highest fracture incidence
in non-descriptive dogs have been reported by Kumar
et al. (2020) and Abo-Soliman et al. (2020).

In group I six dogs with transverse diaphyseal
fractures of the tibia were repaired using static ILN.
Similar static fixation was reported by Endo et al.
(1998), and Duhautois (2003). This technique provided
good realignment of fracture fragments and the union
of fractures resulted in early functional weight bearing
and prevented muscle atrophy. This was in accordance
with Asif et al. (2010). In group II six dogs with
transverse diaphyseal fractures of the tibia were repaired
with LCP which provided excellent angular stability
and rigid fixation of fracture fragments, which was also
reported by Gardner et al. (2004), and Ramesh et al.
(2015). Anatomical contouring of LCP to the bone
surface was not performed as the locking head screws
provided excellent stability of the fracture fragments
with sufficient screw purchase. This was in accordance
with Filipowicz et al. (2009), and Uhl et al. (2013).

The post-operative progression of lameness in both
groups revealed significant insights into the efficacy
of both surgical stabilization methods for canine
fractures. In Group I, all dogs initially presented with
grade V lameness. Post-surgery, significant

improvements were observed, with the majority
showing partial weight-bearing within the first week.
By day 15, lameness had improved considerably, and
by day 60, five out of six dogs achieved grade I and
one dog exhibited grade II lameness on the 60" post-
operative day. Findings align with studies by Asif
et al. (2010), Raghunath et al. (2012), Abhishek et al.
(2022), and Gracias (2022) (Table 1).

In Group II, dogs also began with grade V lameness
but showed faster improvement post-operatively
compared to Group 1. By day 15, most dogs progressed
to grade II or I lameness, and by day 30, all achieved
grade I lameness. These results are consistent with
findings by Uhl et al. (2013), and Beale and McCally
(2020), indicating the stabilization method in Group
IT might better resist mechanical stresses, facilitating
quicker recovery. This is further supported by
Schwandt and Montavan (2005), Sahu er al. (2017),
Garcia et al. (2020), and Namreen et al. (2022)
(Table 1). Attributed to the ILN’s lower resistance to
torsional loads compared to plating, as noted by Glyde
and Arnett (2006), ILN may not be optimal for fractures
exposed to high torsional forces.

All six dogs exhibited correct alignment of fracture
fragments post-operatively with static ILN. By the 30®
post-operative day, bridging callus was present at the
fracture site and showed increased density by the 60th
day. Remodeling of the callus was noted, but
continuity of the medullary canal was not restored.
These findings were in accordance with Raghunath
and Singh (2002), Aikawa et al. (2018), Macri et al.
(2021), and Abhishek et al. (2022).

Static intramedullary nailing (ILN) neutralizes all
forces at the fracture site but, compared to plating,
results in greater callus formation, indicating less
effective force neutralization and extended healing
time. This is attributed to the tibia’s anatomy,
transitioning from a proximal triangular shape to a
twisted, cylindrical form distally, which reduces ILN
stability and promotes increased callus formation.

In Group 11, all six dogs exhibited correct alignment
of fracture fragments with the implant following surgery.
By the 30™ post-operative day, bridging callus was
observed at the fracture site, and by the 60" day, callus
remodeling suggested progressive union of the fragments
with the locking compression plate (LCP). Findings were
in accordance with Garcia et al. (2020) and Beale and
McCally (2020). Healing was achieved within 6-8
weeks, with minimal callus formation as comparedto ILN.

In group I, in case 1, off-site placement of the
screw occurred in the distal fragment, a piece of bone
fragment split from the proximal fragment, later
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Fig. 1. Completion of Normograde insertion of the interlocking nail in both
the fragments

A
s il 3
Fig. 2. Completion of 3.5 mm 8 Fig. 3. Pre-operative orthogonal
holed Locking Compression radiograph of group I case 5
plate application

&
3

Fig. 4. (Day zero) Fig. 5. (Day 15) Fig. 6.(Day 30) Fig. 7. (Day 60)
Fig. 4 to 7. Post-operative radiograph case 2 group I (orthogonal view)

1 & U 4 B o
Fig. 8(Day zero) Fig. 9 (Day 15) Fig. 10 (Day 30) Fig. 11(Day 60)
Fig. 8 to 11. Post-operative radiograph case 2 group II (orthogonal view)
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fixed with two cerclage wires. Similar complications
were recorded by Duhautois (2003), McLaughlin
(1999), Bellon and Mullon (2011), and Arican et al.
(2017). In group I, slight bending of the proximal
screw occurred on the 30" post-operative day in one
case. Similar post-operative findings were recorded
by Wheeler et al. (2004). In group II, there was no
post-operative complication.

In conclusion ILN and LCP in dogs for tibial fracture
repair provided stable fixation, However, LCP was
slightly better than ILN. Early weight bearing was
observed in LCP compared to ILN. Radiographic
evaluation showed progression towards fracture healing
characterized by minimal callus formation in LCP than
ILN fixation for tibial fracture repair. Both techniques
were found to be effective in the treatment of transverse
tibial fractures in dogs.
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