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Abstract

Bovine long bone fracture treatment is always challenging for a veterinary orthopaedician. Post-operative
care and control of sepsis are important in successful outcome of these surgeries. A trending demand for
minimally invasive procedures in treatment of fracture is increasing in recent times. Hence the present
study was undertaken to investigate the supercutaneous plating technique for the repair of compound
metatarsal bone fractures in bovines. Six bovine clinical cases with compound metatarsal fractures were
selected and were stabilized by supercutaneous plating technique using special 4.5 mm/ 5.0 mm locking
compression plates and locking head screws. Occurrence of metatarsal fracture was more in less than a
year aged calves and relatively more males were affected than females. Variation in the physiological and
hematological parameters were statistically non-significant. The biochemical parameters like serum
calcium, phosphorus showed statistically non- significant variations. Whereas, serum alkaline
phosphatase levels were elevated up to 30™ postoperative day and returned to normalcy by the end of the
study period. Radiographic evaluation revealed satisfactory bone healing with sufficient callus formation
at the fractured site on 45 to 60" post-operative days. All the animals started partially bearing weight
immediately after surgery and gradually, complete weight bearing starting from 15™ post-operative day
till 60" postoperative day. By controlled-dynamization and staged disassembly of screws, implant was
removed on 60" post-operative day based on radiographic clinical union and callus formation at the
fractured site to allow gradual load-sharing on operated limb. Based on the observations of the study, it
could be concluded that the supercutaneous plating technique for the repair of metatarsal fractures in
bovines showed effective immobilization of the fracture fragments, quick to apply, minimally invasive,
adaptable and feasible to be used in the field conditions.

Keywords: Bovines, compound metatarsal fracture, supercutaneous plating, radiography, weight bearing
pattern and statistical analysis

Introduction

Fractures in cattle were common as a result of self-inflicted damage or external sources such
herd mates or farm machinery (Velavan et al., 2014) 3. The prognosis is influenced by the
severity of the injury (open or closed), the bone involved, the location, and the kind of fracture
(St-Jean and Anderson, 2014) 231, Long bone fracture is a common surgical complication in the
clinical practice in large animals among them, metacarpus and metatarsus are the most
common appendicular fractures in bovines, followed by the tibia, radius and ulna, humerus,
and femoral bones. The tremendous stresses exerted on the appendicular bones, as well as the
lack of soft tissues that support them, are the key causes that lead them to get fractured
(Tulleners, 1986) 21, Fractures of the metacarpus and metatarsus were the most common bone
injuries found in young calves accounting to 32 percent of all long bone fractures (Singh et al.,
1995) 21, But, due to their great size and weight, the distinctive shape of their extremities, and
sleeping position, a veterinarian frequently confronts a range of challenges in the treatment of
large animal orthopaedics. The most typical method of immobilization for metatarsal fractures
is to use external co-optation techniques such as casts or Schroeder-Thomas splints,
transfixation pins with or without casts and others are internal fixation techniques (Greenough
et al., 1972; Ferguson, 1982; Turner, 1984) [6 7. 31 An ideal fixation approach would keep
fracture fragments in place during the healing process, allow joint use as long as it fits the
requirements, preserve blood and nerve supply, be easily detachable, well tolerated, and cost
effective (Bradley and Rouse, 1980) [4],

The Supercutaneous plating technique was used in humans to treat open, non-union fractures,
septic arthritis, and distraction osteogenesis (Kerkhoffs et al., 2003) [ and further was used for

~ 1872~


file:///C:/Users/gupta/AppData/Roaming/Microsoft/Word/www.thepharmajournal.com

The Pharma Innovation Journal

the treatment of a tibial fracture in a cat (Tommaso and
Federico, 2017) ?/. The reduction of fracture gap exposure,
which lowers soft tissue stress, is one of the most significant
advantages of supercutaneous plating over other minimally
invasive osteosynthesis procedures. (He et al., 2014) B, As a
result, the extraosseous blood supply is retained to a large
extent, allowing for faster secondary bone regeneration (Pozzi
et al., 2013) 4, Unlike other treatments such as minimally
invasive plate osteosynthesis and minimally invasive nailing
osteosynthesis, supercutaneous plating allows for quick
implant removal without the requirement for general
anaesthesia (Qiu et al., 2014) %1, Also, in comparison to
external skeletal fixation, the supercutaneous plate has a
lower and flatter profile that may be easily pre-contoured
along the skin surface and does not strike the contralateral
limb when employed in the medial areas (Tommaso and
Federico, 2017) ], Hence, supercutaneous plating or any
minimally invasive surgical techniques could prove successful
with satisfactory outcome.

Materials and Methods

Six bovines with traumatic compound metatarsal bone
fractures presented to the Department of Veterinary Surgery
and Radiology, Veterinary College Hospital, Hebbal,
Bengaluru were selected for the study. The animals were
sedated with Inj. Xylazine hydrochloride @ 0.1 mg/kg BW
IM and after 15 minutes, animals were restrained in lateral
recumbency with the affected limb placed upwards (Fig. 1).
intravenous regional analgesia was induced by administration
of 10 ml of 2% lignocaine hydrochloride into the lateral
superficial saphenous vein, after application of a tourniquet
above the tarsus.

For supercutaneous plating of the fractured fragments mainly,
4.5mm/5mm locking compression plate (LCP) and locking
(self-tapping) screws of various sizes and lengths were used.
Based on the dimensions of the bone in pre-surgical
radiograph, nature of the fracture, size of the animal and
length of the fractured metatarsal bone, the type of LCP bone
plates and number of holes in it were selected. Corresponding
locking screws of 5mm diameter of various lengths and
orthopedic drill bits of size 3.7mm and 4mm diameter were
used for the fracture fixation. Types of LCP used in this study
were Narrow Locking DCP plate 4.5mm/5mm and distal
femoral locking compression plate. With the fractured
fragments reduction to their near normal anatomical position,
the plate was contoured according to the shape of the bone
and placed supercutaneously on the lateral side of the
fractured metatarsal bone as this approach was devoid of the
neurovascular structures and very minimal musculature.
Using an orthopedic drill bit of suitable length and diameter,
hole was drilled lateromedially through the predetermined
plate  holes in the proximal fracture fragment
supercutaneously piercing both the bone cortices but not skin
on the medial side, simultaneously physiological normal
saline solution flown along the length of drill bit to prevent
thermal tissue necrosis (Fig. 2). A depth gauge was used to
measure the distance from the plate to far bone cortex for
selection of suitable length locking cortical screw (self-
tapping) and was inserted into the drilled hole allowing
enough, but minimal distance (10 mm) between the skin and
plate (Fig. 2). Once the alignment of the fracture fragments in
both planes was assessed, the same procedure was also
followed for rigid fixation and stabilization of the distal
fracture fragment to the bone plate. Subsequently, drilling was
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performed and screws were inserted at the remaining
proximal and distal fragments and all the screws were locked
to the plate maintaining 10 mm plate to skin distance. Overall,
six bi-cortical locking screws were used: 3 screws in each of
the major fragments on both sides of the fracture gap. All the
screw-to-skin contact sites were covered with 5% povidone
iodine soaked roller gauze. Entire implants were covered with
sterile gauze, cotton padding and protective bandaging (Fig.
3). Pre and post-operative injection Ceftriaxone tazobactum
@ 10 mg/kg BW IV and injection Meloxicam @ 0.2 mg/kg
BW IM was administered to all the animals.

All the physiological, haematological and biochemical
parameters were assessed at regular intervals. During the
study period the clinical weight bearing pattern was recorded
as non-weight bearing, partial weight bearing, moderate
weight bearing and complete weight bearing and usage of the
affected limb by the animals was recorded before (Fig. 4) and
after surgery on 1%t, 71, 15M, 30™, 45" and 60" post-operative
days during the study period. Radiographs of affected
metatarsal bone (Latero-medial and Anterio-posterior view)
were taken before the surgery (Fig. 6) to study the location
and type of fracture and plan for selection of suitable size
locking compression plate and screws based on the diameter
of bone and on 1%, 7, 15" 30", 45" and 60" post-operative
days to check implant position and assess bone healing. All
the results of physiological, hematological and biochemical
parameters were statistically analyzed using one-way
Analysis of variance (ANOVA) using computer based
statistical programme, Graph Pad Prism and interpreted as per
the procedure described by Snedecor and Cochran (1996) 2%
to arrive at a conclusion.

Results and Discussion

The occurrence of metatarsal fracture was 28.57% (n=8) out
of all the bovine fracture cases (n=28) reported. The results
were in accordance with Feist et al. (2019) I Relatively more
bovine metatarsal fractures were recorded in males (n=5,
62.5%) than in females (n=3, 37.5%). Higher incidence of
fractures in younger animals less than one-year age was
recorded, this might be related to their agile temperament and
also due to fairly soft, weak, less mineralized and lower
density of young bones. Highest occurrence of metatarsal
fractures in bovines were recorded due to automobile
accidents, this might be due to the dense and fast moving
traffic in the city area where these animals were left on roads
for a living in recent years Kurumurthy (2019) [°1, Occurrence
of metatarsal fractures was highest in Holstein Friesian cross
(n=6, 75%) followed by non-descript (N/D) buffalo (n=2,
25%). This might be due to more rearing of these breeds for
their high milk yielding property of Holstein Friesian cattle.
Six animals were subjected for supercutaneous plating
technique for treatment of traumatic compound metatarsal
bone fracture. Both Physiological and haematological
parameters varied non-significantly throughout the study
period. Similar observation made by Varalakshmi (2016) [
and Tejas Yadav (2021) %61, A significant increase in the peak
value of serum alkaline phosphatase was observed from 1%
post-operative day to 30th post-operative day and receded to
normalcy by 60th post-operative day. This finding in the
present study was in accordance with Manojkumar (2018) [*3
and Tejas Yadav (2021) [261,

Weight bearing pattern was recorded regularly and on 15th
post-operative day, three animals showed complete weight
bearing, one animal showed partial weight bearing and two
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animals showed moderate weight bearing. This finding was in
accordance with the findings of Rajendra Prasad (2013) [*]
and Raghunath et al. (2013) [*¢1. On 60th post-operative day
all the animal showed complete weight bearing with nearing
to normal gait (Fig. 5). Similarly Shivaprakash (2012) 12 and
Tejas Yadav (2021) [?6] reported complete weight bearing in
treated animals by 8 weeks post operatively. Thus, an early
ambulation and reduced post-operative pain was observed in
all the six study animals.

Radiographs taken at different intervals revealed gradual and
progressive mineralisation of bone callus at different stages of
healing. The radiographs obtained immediately and 1% day
after the surgery revealed good alignment and clear contour of
fracture fragments and all SCP implant screws in-situ with
properly placed into both cortices. Radiographs obtained on
7" post-operative day showed, slight periosteal reaction in
three cases among the six cases, this early sign of periosteal
reaction revealed improved blood supply to the periosteum.
The callus was not visible in any of the cases and implant was
stable. Radiographs obtained on 15th post-operative day
revealed fracture consolidation had started and the fracture
line visibility decreased, improved blood supply to the
periosteum and very small amount of the callus was visible in
all cases. This finding was in concurrence with Rajendra
Prasad (2013) I, Siddiqui et al. (2013) % and Belge et al.
(2016) 2. Radiographs obtained on 30th post-operative day
revealed formation of mild to moderate intensity thin
periosteal callus and bridging callus cuff at fracture site.
Similar findings were also recorded by Siddiqui et al. (2013)
(20 Tamilmahan et al. (2017) 51 and Tommaso and Federico
(2017) 271, The radiographs obtained on 45™ and 60" post-
operative day revealed delineated and indistinctly visible
fracture line (Kurumurthy, 2019) [% and intensified but
sufficient amount of callus formation at fracture site and
fracture line almost disappeared with cortical continuity and
decrease in callus size, respectively (Fig. 7). These results
were in concurrence with the findings of St-Jean et al. (1991)
(24 Aithal et al. (2004) [, Raghunath et al. (2013) [,
Siddiqui et al. (2013) 2%, Tamilmahan et al. (2017) ! and
Tejas Yadav (2021) [?61,

The supercutaneous plating technique was found to be stable
in all the treated cases, without any implant failure. These
results are consistent with Ma et al. (2013) 4, There was no
patient self-mutilation of the implant in any cases and animals
tolerated the supercutaneous plating comfortably. There were
no signs of osteomyelitis (Bilgili et al., 2008) ! or infection
in any of the six cases, however, only screw tract drainage
was observed at one screw site near the fracture site in one out
of six treated animals during first 30 days of the study, later it
subsided after flushing tract with povidone iodine mixed
normal saline solution daily and extended antibiotic therapy.
Similar complication was observed by Mahesh (2009) [*2,

The implant was removed based on the radiographic
evaluation of the clinical union of fracture evident by the
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presence of callus at fracture site. In all the animals, staged
disassembly and controlled-dynamization of the implant
screws from closest to fracture site was done to allow gradual
load sharing on the healing bone. This is in agreement with
Woon et al. (2010) 34, Tommaso and Federico (2019) 281 and
Sehgal et al. (2021) (81, On 60™ post-operative day based on
radiographic evaluation implant was removed performed in an
outpatient setting since there was sufficient minimal callus
without requirement of additional surgery as in ORIF
techniques allowing for a quicker and hassle-free procedure.
This is in agreement with Bilgili et al. (2008) [, Woon et al.
(2010) B4, Tulner et al. (2012) B9, Qiu et al. (2014) % and
Tommaso and Federico (2017) 1. The technique allowed
satisfactory limb usage after removal of implant. The results
were in concurrence with Tommaso and Federico (2019) [281,

Summary and Conclusion

Supercutaneous plating for repair of compound metatarsal
fractures in bovines had satisfactory outcomes since the
technique was simple to use, easy, less time consuming,
provided satisfactory stability to the fractured fragments,
better patient acceptance and assisted in early limb usage and
weight bearing. The procedure was minimally invasive,
requires no incision at the fracture site as the bone plate is
applied on the skin and then removed without requirement of
second surgery and had negligible complications.

Fig 1: Photograph showing positioning of animal on lateral
recumbency with fractured limb upwards and aseptically prepared
and draped surgical site
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Fig 2: Proper reduction of fracture, alignment of the pre-contoured plate over the metatarsal region and power drilling using drill bit and
inserting of locking screws.

Fig 5: Photograph showing animal complete weight bearing on post-
operative day 60

Fig 3: Photograph showing fixed Supercutaneous plating implant
and dressing with 5% povidone iodine soaked gauze

Fig 6: Anterio-posterior and Latero-medial radiographic views of
compound diaphyseal oblique metatarsal fracture on (pre-operative)
0™ day

Fig 4: Photograph showing animal non-weight bearing on (pre-
operative) 0™ day
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Fig 7: Anterio-posterior and Latero-medial radiographic views

showing completed bone healing with cortico-medullary continuity

and removed screw tract in distal fragment on day 60
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