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Abstract

Objective- To evaluate tail vertebra as an autogenous cortical bone and cancellous bone for filling ulnar
segmental bone defect in dogs.
Design- Experimental study.
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Animals- Eight adult mongrel dogs with an average age of 37.5 months and average body weight of
17.62 kg.

Procedure- The animals were randomly divided into two groups. A bone defect (2.5-cm) was created on
the middle portion of the right ulna in all dogs. Ulna was fixed by intramedullary pinning. In 5 dogs (test
group) ulnar bone defects were filled with tail vertebra, after tail docking. C ancellous bone harvested from
the iliac crest was also used to promote bone healing in the host-graft interfaces. In the other 3 dogs
(control group) ulnar bone defects were not filled. Postoperative clinical assessment was included
measurement of body temperature, heart rate, respiratory rate, and evaluation of the degree of lameness.
Radiographic assessment of bone based on the process of bone healing and consolidation of the hosi-graft
interface. periosteal reaction, and soft tissue swelling were performed immediately and at the weeks 1. 3.5,
7. 10, 13 and 17 after surgery.

Results- Significant difference (P<0.03) in the degree of lameness and soft tissue swelling were observed
between the two groups. The difference of the mean of periosteal reaction was not significant between the
two groups. Bone healing process was completed in the cortical autograft group and clinical union was
observed in 100% of dogs in comparison with nonunion in 100% of animals in the control group.

Conelusion and Clinical Relevance- The results of this study showed that tail vertebra can be used as
an excellent material for filling of segmental ulnar bone defects in dogs.
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Introduction

Bone grafts are the most common methods for treating various types of bone defects, nonunions, delayed
unions. osteomyelitis and large bone defects. Different bone grafts are include autograft, isograft, allograft,
alloimplant and xenograft.'* Depending on the type of graft, bone performs tour different functions when
it is incorporated into host tissue. These include osteogenesis, osteoinduction. osteoconduction, and
mechanical support.'* Bone grafts in clinical practice are primarily used to help achieve bony union in
cases of indolent healing of fractures or pseudoarthrosis arising after fracture; to supplement the healing of
certain fresh fractures which open reduction and internal fixation are used: to promote fusion (arthrodesis)
of joints damaged by injury,’ disease, or deformity: and to fill defects in bone created by tumors. chronic
infection, or injury."* Cancellous and corticocancellous bone grafts are the most common autogenous arafts
used in orthopedic surgery. Because autogenous grafts are collected from the same patient. they provide
early revascularization and osteoinduction, osteogenesis and osteoconduction, but cancellous and
corticocancellous grafts do not provide structural support like cortical grafts. Disadvantages to this type of
graft include a limit to the volume, size. and type of graft that can be obtained: increased time under general
anesthesia and morbidity at the collection sites."*” Because of these limiting factors. other bone grafting
techniques have been developed. These include vascularized autografts.”” freeze-dried allografts chips.”
segmental allografts® demineralized bone matrix (DBM).*"" bone morphogenic protein (BMP)%=!"1112 bone
marrow'*"* hormones.'> synthetic bone substitutes'* and electrical stimulation." Cortical grafts provide
mechanical support as well as scaffolding for osteoconduction."’

In this study we tried to present a new source of cortical autograft in dogs. Tail vertebra used as a source
of cortical bone graft and cancellous bone graft used to promote healing in the interfaces of tail vertebra
and recipient bone.
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Material and Methods

This study was carried out on 8 mongrel dogs with an average age of 37.5 months and average body
weight of 17.62 kg. The animals were divided into two groups randomly. Before surgery lateral and
anterioposterior radiographs were obtained from the right forelimb in all dogs. The sites of surgery were
prepared aseptically including tail, the region of iliac crest and right forelimb from humerus down.

After inducing anesthesia using acepromazine (0.08 mg/kg) and thiopental sodium (10 mg/kg) the
anesthesia was maintained using halothane. At first, tail docking was performed for the test group and then
a part of the tail included the third and fourth vertebrae was prepared for grafting. After incising the skin, all
of the muscle and debris was removed from the tail and one of the tail vertebrae which had the same length
as needed prepared for grafting. After preparation of the tail vertebra, another surgeon incised the caudolateral
aspect of the right forelimb approximately on the middle portion of the ulna at which the radius and ulna
were apart. After retracting the muscles, the ulna was exposed and a 2.5-cm length of ulna was surgically
removed using Gigli saw. At the same time an intramedullary pin which was appropriate for the size of
medullary canal was selected. According to the size of pin. the tail vertebra was perforated using the
appropriate drill bit, and the pin was introduced through the vertebra to be certain about the size of vertebra
hole. The ulna fixed using inramedullary pinning and the tail vertebra was inserted to the defect. Cancellous
bone was harvested from the previously prepared donor site (iliac crest) and placed around the host-graft
interfaces. After suturing the muscles, the skin was closed using nylon 2/0. In the control group no material
was used to fill the segmental bone defect as a model of nonunion. "

The animals received penicillin and streptomycin before surgery and for 7 days after operation. The
ammals were followed up for 17 weeks to obtain radiographic records. Radiography was performed
immediately and at 1. 3. 5. 7, 10, 13 and 17 weeks after surgery.

Observations of vital signs and the appearance of the surgical wound recorded daily for 2 weeks and the
degree of lameness was recorded for 8 weeks. One examiner determined the degree of lameness. The
following determinants were scored by the examiner: 0 = non weight bearing. | = only claws touching the
ground, 2 = weight bearing with severe lameness, 3 = weight bearing with mild lameness, 4 = weight
bearing without lameness. The amount of periosteal reaction and soft tissue swelling was evaluated based
on a scale of 0 (without), I (minimal), II (moderate), or 1II (proliferative). Radiographic union based on
consolidation of the host-graft interfaces and remodeling was graded on a scale of 0 to VI. The analysis of
the variances and Kruskal-Wallis using SPSS 9 was used for the analysis of the data. P<0.05 was considered
statistically significant.

Results

The animals were under close observation for at least two weeks. The sutures were removed 14 days
after surgery without any complication. The heart rate, respiratory rate and body temperature were at the
normal range after operation. The mean of periosteal reaction also showed no significant difference between
the two groups during the study. Soft tissue swelling disappeared sooner in the test group so that the mean
of soft tissue swelling showed significant difference at the week of 5 and 7 (P<0.05). Lameness disappeared
much sooner in the tail vertebra group. There was significant difference between two groups from the day
3 to 49 (P<0.05) (Fig. 1). Bone healing process was completed in the cortical autograft group and clinical
union was observed in 100% of dogs in comparison with nonunion in 100% of animals of the control group
(Fig. 2 - 4).
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Fig. 1: Mean of lameness grade® in the test and control group®*. The lameness disappeared much sooner in the test group. | :

# () = non weight bearing. 1 = only claws touched the ground, 2 = weight bearing with severe lameness, 3 = weight bearing with mild
lameness. 4 = weight bearing without lameness

## There was significant difference between the two groups from the day 5 to 49 (P<0.05).
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Fig. 2: Mean of bone healing grade® in the test and control group
A score of 0 equaled nonunion. 1_IV equaled different stages of bone healing and consohidanon of the host-graft interfaces, V equaled
clinical union, and VI equaled remodehing
# Clinical union was observed in 100% of dogs n the test group.
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Fig. 3: Radiographs taken from dog No. 3 (test group). (A) immediately postoperatively, (B) one. (C) three. (D) five, (E) seven. (F) ten.
(G) 13, and (H) 17 weeks following operation.

IJVS vol.:1 No.: vear: 2006




Fig. 4: Radiographs taken from dog No. 6 (control group). (A) immediately postoperatively, (B) three. (C) five. (D) ten,

tollowing operation.

and (E) 13 weeks
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Discussion

The ultimate goal of bone grafting, whether with autogenous bone or any of the bone substitutes, is for
the grafted site to function in a supportive capacity, enabling load bearing that the site would normally be
subjected to in daily activity. Autogenous cancellous bone graft techniques have been used routinely on
dogs, horses and cats to enhance the treatment of primary fracture repair, delayed or nonunion fractures,
bone cysts, osteomyelitis, and joint arthrodesis.' Cancellous bone grafts are completely absorbed and
replaced by new bone within a few months of grafting. Cortical bone grafts may never be completely
absorbed, and the site can remain a composite of necrotic bone of the original graft and viable new host
bone. This admixture of dead and live bone 1s typically weaker, with resistance to fatigue loading, than
normal cortical bone."

The alternative to transplantation of cortical autografts in severely comminuted fracture, nonunions or
delayed unions, infection, sequestrum formation is either reconstruction with autogenous cancellous bone
grafting, allografts or alloimplants, and finally amputation. From our standpoint as surgeons, amputation or
euthanasia should be avoided if there is an alternative that might be acceptable to all parties concerned:
clients, patient and surgeon.”

The results obtained with leukocyte migration tests indicate that fresh corticocancellous bone grafts are
immunogenic. It is also evident that frozen allograft is also immunogenic.” Although, it was stated that
freezing and washing out the marrow markedly impairs the antigenicity of corticocancellous bone grafts
and allografts,’ other results revealed no obvious difference in the degree of induced cellular immunity
from fresh as opposed to frozen bone.”'

The success or failure of diaphyseal allograft bone transplantation depends on many factors includes:
degree and location of comminution, degree of stabilization, degrees of osteotomy site contact. partial
reconstruction of the fracture along with allografting, age of the fracture at the time of allografting. prior
attempts at repair before allografting and postoperative complications.*

Tail docking is legal and very common in many countries. It is also an established custom in many breeds
of dogs which was introduced some 2000 years ago in order to satisfy various motives. These include
preventing damage to vulnerable tail tips in breeds used for hunting and retrieving in dense undergrowth,
for ease of manipulation of terriers working in burrows and other confined spaces. preventing diseases such
as rabies, maintaining breed quality and personal preference for having a docked dog for cosmetic purposes.
Another claimed benefit of docking in some breeds is that it potentially reduces the accumulation of fecal
material around the tail area on dogs with excessive coats.”*

An argument against tail docking is that docked dogs may be socially relative to other dogs, in that they
lack one of the main appendages used in canine communication. Tail docking may also cause acute or
chronic pain, degeneration of tail and pelvic muscles. leading to an increased risk of fecal incontinence,
and compromised pelvic diaphragm integrity, leading to an increased risk of perineal hernia and urinary
incontinence. While the studies provide some cause of concern, evidence supporting claims of increased
health problem in docked dogs is typically weak.™

In this study we introduced tail vertebrae as a new source of autogenous cortical bone graft for filling
segmental ulnar bone defect, a well known canine nonunion model,"* with 100% clinical union in less than
17 weeks. Tail docking can be performed as a routine procedure or an emergency procedure for obtaining
the graft. Two or three vertebrae are preserved in docked animals, which can be used in an emergency for
grafting. Tail vertebrae can be used for filling segmental bone defects. Using tail vertebrae as an excellent
source of cortical autograft along with cancellous bone grafting in the host-graft interfaces can eliminate all
the disadvantages of cortical allografts. However, for harvesting the graft, another operation must be
performed which can prolong the duration of anesthesia, and also requires more assistants.
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