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SUMMARY

An  autoclaved  cortical  bone
xenografts of goat cadavers (ACXG) as well
as fresh cortical autograft (control FCAG)
were successfully used in reconstruction of an
experimentally induced segmental femoral
defect in canine model. Clinical and
radiological assessments were carried out at
different

obtained results were encouraging and very

periods  post-operatively. The
promising in terms of early return to full limb
function at 4-6 weeks post-operatively,
cortical union with remodeling were
completed at 6 months post-operatively and
complete acceptance and incorporation of the
graft into the host bone was recorded at 12
monthé Hence the
autoclaved cortical bone xenografts of goat

cadavers can offer a worthwhile alternative fo

post-operatively.

543

fresh cortical autografts to veterinary
orthopedists.

INTRODUCTION

Bone grafts are extensively used for
several orthopaedic applications including
treatment of severely cbmminuted fractures,
non union, and replacement of bone loss
resulting from tumor or iﬁfection, and in
cases requiring reconstructive procedures
such as fusion or joint replacement (Okumus
and Cabnela, 2006).

Various bone = graft
including autograft, allograft, xenografis,

polymers, ceramics and some metals have

r substitutes

been employed to promote bone union
(Albee, 1996, and Beaman et al., 2006}.
Moreover the utilization of these materials as
bone grafts may reduce the need for

autogenous bone graft, which is available in
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limited' quantities and s associnted  with
considerable  morbidity mte (Stevenson,
1990). An ideal graft substitute should have
good bioresorbability (Burchardet, 1987) and
ostcoconductive capacity (Bob and Peter,
2001). It also should be nontoxic and
nonimmunogenic to the organism (Donald
and  Gretchen, 1997), casy to sterilize
(Dreaenet and  Delius, 2007) and not
compromise mechanical stability (Gad Allah,
1998).

Although the utilisation of autografls
results in signihcant success in the bone
healing  process, there  are some
disadvantages, such as requiring the patient to
undergo a second operation and increasing
therapeutic costs due to prolonged hospital
stay and extended medicare. It is also non
convenient in cases of severe bone loss due to
extensive destruction or in cases of bone
tumors (Schena et al., 1985). Therefore, the
employment of the allograft and xenograft as
an alternative to the autograft has become
common in orthopaedic surgery (Beaman et
al., 2006 and Kumar et al,, 2006).

The objective of this experiment was
to evaluate the efficacy of autoclaved cortical
bone xenografls ‘of goat cadavers in
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reconstruction of an experimentally induceg

bone defeets in canine model,
MATERIALS AND METHODS

Donor Anlmals:

The femurs of apparently healthy
native breed goats, weighing about 30-50 kg
bawv, of both sexes were cleanly harvested
from slaughter house, The surrounding
muscles and periosteum were stripped off; the
epiphyses were osteoectomized for cleaning
of the marrow cavity with a bottle brush and
flushing with tap water, The femoral
diaphyses were cut into graft segments of
Jem, length using oscillating bone saw. The
harvested grafts  were defatted  with
chloroform and ethanol (1:1) for 12 hours
then immersed in hydrogen peroxide for 48
hours and flushed with distilled water and
lastly it were allowed to dry for 24 hours at
room temperature after (Hu, Liu & Lu, 2000),

The bone gralts were individually
packed in double wrapped plastic roll, labeled
and sterilized by autoclaving at 121C° for 30
minutes (Draenert and Delius 2007). Then it
stored at room temperature until used. (Fig. 1)



Figure (1): Cortical bone graft specimens after packing using
special plastic roll (A) and sterilization by

autoclaving (B).

Recipient Animals:

Twenty adult
mongrel dogs of both sexes and weighing 15

to 25kg were used as recipient for cortical

Table (1): Distribution of dogs according to duration of the experiment and type of implanted bone

apparently  healthy

bone xenografts. These dogs were randomly
allocated into 4 main groups according to the

duration of the experiment and type of

implanted bone graft. (Table. 1)

T

L 8

e

graft
GROUP | DURATION [ NO.OF | TYPE OF IMPLANTED BONE GRAFT
NO. |(MONTHS |DOGS ‘ .
F.C.A.T*(Control) ACX.T*
I 1 5 1 | 4
I 3 5 1 4
I | 6 5 1 4
v 12 5 1 4
TOTAL' o[ brigo 4 16

* FCAT: Fresh Cortical Autograft (control group).
#* ACXT: Autoclaved Cortical Xenograft.
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The pelvic limbs of all operated dogs
were radiographed to document normal
femoral anatomy and bone size for selection
of an appropriate graft by matching host and
banked bone graft iographs. A prophylactic

antibiotic course of cefotaxim sod.

(Cefotax, Epico, A.R.E) at a dose of
45 mg / kg. b.wt. was administered i.v.
immediately preoperatively and continued

every 8 hours i.m for 5 days postoperatively.

According to the Association for the Study
of Internal Fixation (ASIF) a standard

ort.hopzicdic bone set and implants were used.

All operated dogs were anaesthetized
using the anaesthetic regimen recommended
for orthopaedic surgeries in dogs. (Alef &
Schmidt-Oechtering, 1995).

The right pelvic limb was prepared for
asepﬁc surgery. A lateral approach to the shaft
of the femur was performed (Fig. 2-A). An
appropriate graft was selected by matching
host and banked grafts radiographs. A mid-
diaphyseal segment (3cm) was removed after
osteotomy proximally and distally by
oscillating bone saw ' (Fig. 2B). Constant
irrigation with sterile saline solution was
applied while oscillating to prevent thermal
necrosis, the induced defect (Fig. 2 C) was
replaced with a cortical bone xenograft
segment (3cm) in 4 dogs of each group. The
5" dog received its own ostectomized bone

segment after removal of soft tissues and
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marrow, to act as a cortical autograft conro|

The fracture was stabilized and the graft wgg

compressed with an 8-holes 3.5 mm ]

dynamic compression plate and eight 35

mm ¢ cortical bone screws (Synthes, Wayne,
Pa) (Fig2 D & E). The implantation site was
flushed several times with sterile saline
solution. The surgical wound was closed as
usual (Fig. 2F). All operated dogs were
confined to individual cages along the
duration of the experiment (1-12 months).
They were subjected to daily clinical
examination, including weight bearing
capacity, evidence of infection, full limb
function and local reaction and regional

lymph node enlargement.

Sequential radiographs of the operated
femur of living animals were taken
immediately postoperatively, once every two
weeks for the next 3 months and then once
per month until the end of the study.
Radiographs were evaluated for alignment of
the graft with the host bone, metal implant
stability, the degree of contact at the
osteotomy sites, signs of graft incorporation at
the proximal and distal host-graft interfaces,
callus formation and radiodensity of the graft.
After euthanasia the harvested femurs were
underwent to contact radiography before and
after removal of the plate to confirm the same
radiographic patterns recorded during the

life of animals.
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(Figure 2): Stages of corlical bene xenografling
. Exposure of femoral shaft
. Removal of a mid-diaphyscal segment 3 em length

A
B
C.
D
E

oL

The induced defect

. Fixation of the graft into the plate (DCP) by using two cortical screws.

The plate-graft combination was fixed into the recipient femur to bridge the induced defect
using 6 cortical screws (3 proximal and 3 distal)
Closure of the S/C and the skin as usual.

Vet. Med. J., Giza Vol. 57, No. 4 (2009)
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RESULTS

Clinical evaluations:;

In case of fresh cortical autograft
(control group), all operated dogs were

partially weight bearing on the operated limb

by 3-5 days post-operatively and they showe
full weight bearing at the 4" week Post-
operatively, The gait was varied [ron,
occasional lameness to full limb function by
the end of 12 weeks post-operatively. (Fig. 3

A, b &c)

(Figure 3): Clinical evaluation of weight bearing capacity and pait of a dog received a Fresh Cortical
Bone Autograft (FCAG) at different observation periods. Note that the dog started to land
at 3-5 days post-operatively(A), walking and standing (B & C) i.e. full limb function at 4
weeks pt-operatively.

No clinical evidence of infection. Rectal
temperature was within normal limit during
the observation periods. The popliteal node
was slightly enlarged during the first week
post-operatively. There was a moderate
degree of seromal reaction in two dogs and
severe reaclion in another one. These
reactions were subsided spontancously within

1-2 weeks post-operatively.
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In case of autoclaved cortical bone
xenografts. Out of 16 operaled dogs, twelve
dogs were partially weight bearing on the
operated limb at one week post-operatively
and they showed full weight bearing at 6
weeks
lameness were almost disappeared by 16-24
weeks post-operatively with full limb function
(Fig. 4A, B & Q).

post-operatively. The signs ol



Fig. (4): Clinical evaluation of weight bearing capacity and gait of a dog received Autoclaved Cortic
Bone Xenograll (ACXG) at different observ.
one week post-operatively (A), walking an

weeks post-operatively.

The rectal temperature was within normal
~ limit with slight elevation (0.5-1C°) in 3 dogs

which returned to normal within 3days post-

operatively. The popliteal lymph nodes were

enlarged and palpable during the first two
weeks post-operatively and returned back to

normal by the end of the first month.

Moderate degree of seromal reaction was
observed in all operated dogs 2-3 days post-
operatively which spontaneously subsided by
the end of the first week except in two 'dogs.
The latter's showed subcutaneous draining

sinuses one week post-operatively. These

Vel. Med. J., Giza Vol. 57, No. 4 (2009)

al

ation periods. Note that the dog started to land at
d standing (B & C) i.e. full limb function at 6

dogs were successfully treated by free
drainage and dressing in conjunction with
systemic antibiotic course of cefotaxim 4.5

mg/kp twice daily.
II. Radiographic Evaluations
Sequential Radiographic Assessment

The results of sequential radiography of

fresh cortical autograft control and autoclaved

- cortical xenografts at different observation

periods were illustrated in tables 2 & 3 while
figures (5) and (6) were showing the

radiographic picture of graft incorporation.
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Table (2): Follow-up sequential radiography of 4 successful cases of fresh cortical bone autografts (FCAG)

(control group)
Host- 2 p

Pcriosteal
Observation ; reactivity Graf

: Alignment interfaces e
Periods Graft visibility
(weeks) - a E o

| 8| 5| &
B
Immediate
55 Very Good | - - A | A | Visible proximally and distally

Visible proximally and distally
Invisible proximally (25%) and visible distally ;
Invisible proximally (50%) and invisible distally (25%)
Tnvisible proximally (75%) and Iovisible distally (50%)

2 weeks P.O | Very Good | +

4 weeks P.O | Very Good | ++

6 weeks P.O | Very Good | ++ | +
8 weeks P.O Good +

12 weeks

+
ol o =| »
ol | »| »

Invisible proximally (100%) aﬁd invisible distally

Good +/-|++ | D C
P.O (50%)
16 weeks o R Tnvisible proximally (100%) and invisible distally |
P.O (75%) ;
|
20 weeks Invisible proximally (100%) and invisible distally ‘
Good X + E E |
PO - (100%) |
24 weeks . L
55 Good +- | - E E | Invisible proximally and distally
30 weeks ' - Qohn .
o Very Good | - - E E | Invisible proximally and distally except at mid-graft
P.
36 weeks The graft nearly had the same radiodensity of the host
Very Good | - - E E :
P.O bone
48 weeks The radiodensity of the graft was homogenous to the
Very Good | - - E | E : g
P.O radiodensity of the host bone.

b

« Good: slight disparity between the graft and host bone.
Very good: the graft nearly had the same size of the host bone. .
«(-) ¢+ No periosteal reactivity, (£): Negligible, (+): slight, (++): moderat?, (-H-_f-): excessive.
» (A) : visible 100%, (B): partial filling 25%, (C): partial filling 50%, (D): partial filling 75%, (E): complete

union & remodeling.
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Table (3): Follow -up sequential radiography of 12 successful cases of autoclaved
cortical bone xenografts (ACXG)

Periosteal Host-graft
Observati
s Align reactivity interfaces
on perio isibili
. ment Host Graft | proxima | Distal Sralt visiblity
(weeks) l
Immediate |
e Good - - A A Visible proximally and distally |
2weeksP.O | Good -+ - A A Visible proximally and distally J
i
4weeksP.O | Good | ++ g A A | Visible proximally and distally ;
Tvisi : 5 o i
6weeksP.O | Good rint n B A nvisible proximally (25%) and visible :
distally :
Tnvisible proxi D istall f
gweeksP.O | Good it 4 c B V‘lSl le proximally (50%) and distally j
(25%) :
12weeksP. Gy | ! = g | mmvisible proximally (50%) and distally ‘
0 (25%) :
16weeksP. vat i 0 istall i
Good 5 S D c Invisible proximal ly (75%) &distally i
0 (50%) 5
2oweeks? [T . o[ avisible proximal Iy (100%) &distally
0 (75%) i
Z4wecksP. Tnvisible proximal ly (100%) &distally :
Good - ++ E D :
0 (75%) i
30weeksP. Invisible proximal ly (100%) &distally |
Good - i E E
0 (100%) 1
36weeksP. | Very 2 2 g | visible proximal y &distally except
0 Good r at mid-graft :
48weeksP. | Very . o The graft density was nearly had the
0 Good ¥ same radiodensity of the host bone

* Good: slight disparity between the graft and host bone.
Very good: the graft nearly had the same size of the host bone.
* (-): No periosteal reactivity, (&): Negligible, (+): slight, (++): moderate, (+++): excessive.
* (A) visible 100%, (B): partial filling 25%, (C): partial filling 50%, (D): partial filling 75%, (E): complete
union & remodeling.
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(Figure 5): Sequential Medio-lateral radiographs of fresh cortical autograft (FCAT).
(A) Immediate post-operative showing adequate alignment and metal-implant stability.
the degree of contact of osteotomy sites al the proximal and distal host grafi-interfaces

was about 70-100%
(B) At one month P.O showing rounding off the edges of the host bone segment

accompanied with the start of periosteal reactivity over these areas.
(C) At two months P.O the process of rounding off occurred in the graft segment with

periosteal new bone deposition on the grall surface
(D)At three months P.O. showing the proximal fracture line was completely disappeared,

while the distal one was almost disappeared
(E) At 6 months P.O. showing corlical union at the proximal and distal host-grall interfaces

along with excellent alignment had occurred
" (F) At twelve months, the graft density was homogenous with the host bone density
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(Figure 6): Sequential Medio-lateral radiographs of full thickness Autoclaved Cortical Bone Xenografts: (ACXG)

(A) Immediate post-operative, showing the proper alignment at the host-graft interfaces and the stability of the fixation
device. The degree of contact of osteotomy site at the host-graft interface was 50-70%.

(B) At | months P.O., showing, the rounding off the edges of the host bone with the start of the periosteal reactivity.

(C) At 2 months P.O., showing rounding off the edges of the graft and initiation of liping callus at the host graft
interfaces starting from the proximal one.

(D) At 3 months P.O., showing disappcarance of the proximal host-graft interface and the radiodensity of the graft is
less than the host bone.

(E) At 6 months P.O., showing disappearance of both host-graft interfaces .

(F) At 12 months P.O., showing the homogensity in the radiodensity along the bone.
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autoclaved cortical xenografts after harvesting

Contact radiographic Assessment of the operated femur at one ) monhy,
The results of contact radiography of fresh 6 months and 12 months post-operative timeg
cortical autografts (control group) and were illustrated in figures (7) and (g

(Figure 7): Contact radiography of Fresh Cortical Autograﬂ (FCAD con'trol
after harvesting:* At one month post operatively, showing slight
periosteal and endosteal bridging callus particularly at the
proximal host-graft interface. The proximal gap was filled with
radiodense material (50%) while the distal one was visible and
filled with (25%). the cranial and caudal cortices of the graft were
radiodense.

*At three months post-operatively, showing cortical union along with
remodeling at the proximal host-graft interface. The distal gap was nearly
disappeared. .

* At six months post-operatively, showing cortical union at the proximal and
distal host-graft interfaces. The cranial and caudal cortices of the graft were
more radiodense except at the proximal host-graft interface.

* At twelve months post-operatively, showing complete incorporation of the
graft into the host bone. The radiodensity of the graft was nearly similar to
the radiodensity of the host bone.
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Six months post-operatively

Twelve months post operatively

(Figure 8): Contact radiography of autoclaved cortical xenograft (ACXG) after harvesting:

* At one month post-operatively, showing periosteal bridging callus crossing the fracture gap at the
proximal and distal host-graft interfaces. The grafl was more radiodense throughout, the proximal and distal
gaps were visible.

* At three months post operatively, showing the periosteal and endosteal callus bridging the fracture gap
and creeping over the graft (lipping) proximally and distally. The graft appears more radiodense at the mid
region. The proximal gap was filled with radiodense material (75%) while the distal one still visible (50%)

* At six montihs post-operatively, showing cortical union proximally and distally with starting of medullary
remodeling proximally. The cranial and caudal cortex of the gralt were radiodense particularly at the mid
graft.

* At twelve months post-operatively, showing complete acceptance and incorporation of the gmﬂ into the
host bone. The radiodensity of the graft was nearly similar to the host bone. The caudal cortex was
somewhat radiopaque.

e o b
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Complications of xenografting procedure
were recorded in 4 dogs. They included

implant failure as a results of broken platc and

screws in two cases (one, G [ and one, (; I
F

(Fig .9.A) and fracture of Xenografyy |
3 n

another two dogs (G 1) (Fig. 9-B),

(Figure 9): The recorded complications of autoclaved cortical bone xenografis .
A. AJP radiograph showing implant failure as result of broken plate and loose cortical screws
B. L.M radiograph showing saggital fracture of the grafi, instable fixation and huge callus at the

proximal fragment of the host bone.

DISCUSSION

Corical bone grafts which were used to
promote osteogenesis, restore the contour,
provide union between two fragments of bone
and provide a frame work which has
structural integrity (Bob and Peter, 2001).
Although autogenous bone grafts performs
those functions satisfactorily, problems of
limited supply, prolonged operation time and
donor site morbidity has prompted to research
into another type of bone grafis (Dehaghani
and Baizaei, 2001).
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In the present study an autoclaved cortical
bone xenografts of goat cadavers were
successfully used in  repair of an
experimentally induced femoral defect in
canine model. The ingredients for this success
included the existence of a feasible simplified
bone bank and rigid fixation of the implanted
xenograft into the recipient bed using

standard ASIF plating technique.

Most of tissue banks use frozen bone
which is obtained under aseptic condition
from carefully screened cadaver donors

(Stevenson, 1990). In the present study the



advantages of using the method of bone
harvesting, sterilization and storage are
numerous as donor screening for infectious
disease is minimal because the lethal effect of
steam vapor on the infective agent; the ability
to collect the bone specimen without aseptic
technique shortens and simplifies the bone
banking procedure. The findings are more or
less similar to those reported by Draenert and
Dellius (2007) who recommended steam
vapor sterilization for bone grafts particularly

in third world countries.

The absolute stability achieved in plate
fixation is a requirement for optimal
incorporation of the grafts by the host bone
(Sinibaldi, 1989). The best quality of the
stored bone is an essential factor for cortical
xenograft implantation, as the dehydrated and
brittle bone will not allow the preparations
necessary for plate application and screw
fixations. In this study the selected xenograft
was rehydrated in sterile saline solution prior
to implantation to improve the mechanical
properties of the graft as recommended by
(Gadallah, 1998).

The results of clinical assessment of 16
dogs received an autoclaved cortical bone
xenografts and 4 dogs received its own
cortical autograft (control group) were
encouraging. The majority of dogs (80%) did
extremely well and they were bearing weight
on the operated limb within 2-4 weeks post-
operatively. While full limb function was

Vet. Med. 1., Giza Vol. 57, No. 4 (2009)

obtained by‘ the end of 12 weeks P.O. There
was no evidence of infection or immunologic
reaction as assessed by visually or palpably
monitoring the degree of seroma, local
changes, popliteal lymph node reaction and
presence or absence of wound drainage.
These observations were correlated well with
those reported by Dehaghani and Baizae
(2001), Kumar et al., (2006) and Rouvillain et
al., (2006).

Seroma and popliteal lymph node
enlargement were the most marked reactions
observed in all operated dogs at 3-5 days
post-operatively. These reactions disappeared
spontaneously within two weeks with out
interference in all dogs received fresh cortical
autografts. While in those received autoclaved
cortical xenografts, these reactions were also
disappeared spontaneously by the end of the
first month. Similar findings were reported by
Dell et al., (1984) and Burchardet (1987) for
fresh cortical autografts. They attributed these

reactions to surgical trauma and non specific

foreign body response. However, none of the .

available literature studied autoclaved cortical

xenografts.

Radiography is a basic method for
evaluating fracture healing in both clinical
and experimental models. Radiographs
obtained at regular intervals during the
healing process provide a convenient
technique for sequential assessment of the

bone healing defect, such parameters as bone
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formation, persistence of fracture gap and
remodeling can be evaluated in living animals
at any number of predesignated time periods
(Lanc and Harvinder, 1987 and Sinibaldi,
1989).

The' process of incorporation and

replacement of non viable cortical bone grafts
(Creeping substitution) was divided into 3
radiographic phases. The initial phase
persisted from 2 to 4 weeks and involved a
passive relationship between the host and
graft. Therefore the graft appeared more
radiopaque with out any significant changes
in its morphology. The second phase was
cortical union; the graft was merely united to
the host bone by an organized network of
bone trabeculae (bridging callus). The final
phase lasted from many years and involved
continuous replacement of the graft with
continuous decrease in its size (Bowerman,
and Hughes, 1975; Dell et al., 1984).

In the present study, sequential and
contact radiography of the operated femurs
showed that, the existence of bone resorption
at 2 to 3 week earlier in the host bone
segment than the graft (Rounding off). This
process was noted in the cortical autografts 3
weeks post-operatively and in the autoclaved’
cortical xenografts at 4-6 weeks post-
operatively. Presumably, this was due to
active circulatory supply in the host bone
cortex which is created as result of osteotomy.
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&

Similar findings were reported by Gcbhan
and Lane (1991).

Concerning with the host-graft interface,
the proximal interface was completely
bridged by periosteal new bone at the 12,

week in fresh cortical autograft and at 2(

- weeks post-operatively in autoclaved cortica]

bone xenografts, the values at the dista]
interface for the respective grafts were 24 and
30 weeks. Schena et al., (1985) and Gadallah,
(1998) have attributed this fact to the presence
of nutrient artery dorsal to the proximal
interface. Meanwhile the normal anatomy of
the dog's femur which curved craniomedially

at its distal third may cause instability at the

distal host bone segment.

Regarding the periosteal remodeling, the
periosteal callus started to be remodeled at 8
weeks  post-operatively and  reached
completion at the 16" week for the fresh
cortical autograft. While it begun to be
remodeled at 12 weeks and completed at 24
weeks in xenografted dogs. Such findings
were mentioned by Johnson et al., (1985) and

Andersen et al., (1995).

In the present study, cortical unions had
occurred once periosteal bridging was
completed, the approximate time of cortical
union at the proximal interface of the fresh
cortical autografts was 12 weeks as compared
to 20 weeks in autoclaved cortical xenografts.
While at the distal one, these values were 20

weeks in control and 30 weeks in autoclaved
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cortical xenografts, The findings of control
group were similar to those repoflcd by
Donald and Gretchen (1997) and Gadallah
(1998).

Regarding the graft radiodensity, the
present study showed that, the fresh cortical
autograft was difficult to be identified at 48
weeks post-operatively. The radio density of
the graft was homogenous with the
radiodensity of the host, however, the
autoclaved cortical xenografts were slightly
more radiodense particularly at its middle
third. This is in agreement with those reported
by Johnson et al, (1985) and Sinibaldi,
(1989) who mentioned that at one year P.O,
up to 40% autogenous cortical bone graft may

not be remodeled.

Regarding the complications encountered
with autoclaved cortical bone xenogrfting
procedures, implant failure as a result of
broken plate and loose screws were recorded
in two cases received autoclaved cortical bone
xenografts. This condition may be attributed
to hyperactivity of these dogs and bad quality
implants (plates and screws). Similar findings
were reported by Jonhson et al., (1985).
Longitudinal fractures of xenografts were
observed in two cases. This condition may
attribute to instability at implantation site as
well as weakening of the mechanical strength
of the xenograft particularly when the
resorptive  phase | has outstripped the
appositional phase. These findings are in

Vet. Med. J., Giza Vol. 57, No. 4 (2009)

agreement with these reported by Gadallah
(1998).

In conclusion, the results of the present
study revealed that the incorporation of
autoclaved cortical bone xenografts of goat
cadavers into femoral defect repair in canine
model was successful as determined by the
achievement of full limb function, fracture
healing and graft remodeling. These results
are promising for the clinical application of
such graft procedures and may pave a way in
using this type in extensive bone injuries and
defects/ bone resections due to neoplastic
disorders. Further studies are required to
answer  the questions  concerning the
immunogenicity, biomechanical properties

and bone remodeling rates.
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