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The present study aimed to determine the possibility of application of guided bone regeneration in
experimental non-fixed ulnar defects in dogs. In 24 dogs, a total of 48 ulnar bone defects were created
(24 left and 24 right). The dogs were allotted to 4 groups (6 animals each). The right defects were
treated as followed: group I — the bone defects were filled with autocancellous bone; in group II —
with allocancellous bone; in group III — with xenocancellous bone and in group IV — with xenocan-
cellous bone and bioceramics. The defects of left ulnas were treated similarly and isolated from adja-
cent soft tissues with enzymatically processed and freeze-dried canine dura mater. Both ends of the
ulna were not fixed by osteosynthesis. In the post operative period, radiological and clinical surveys
were performed immediately after the surgery and 1, 2, 4 and 6 months after treatments. The guided
bone regeneration using processed dura mater slowed down the osteogenesis in segmental non-fixed
canine ulnar defects regardless of the type of used osteoinductor graft.
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INTRODUCTION

The primary aim of guided bone regenera-
tion (GBR) is to reduce as much as possi-
ble the involvement of adjacent tissues in
the process of bone healing. This is
achieved via the so-called biological
membranes (natural or artificial).

The most extensively studied artificial
membrane material is expanded polytetra-
fluoroethylene (ePTFE) (Nyman et al.,
2001). Its principal disadvantage is its
non-absorbability. This necessitates the
creation of synthetic (polylactate, poly-
glycolate, carboxymethylcellulose, silico-
ne etc.) or natural absorbable materials

(collagen membranes, dura mater, fascia
lata etc.) (Barboza, 1999; Bohning et al.,
1999; Zhang et al., 1999; Fowler et al,
2000; Giardino et al., 2002). The natural
membranes are however characterized by
a rapid absorption that does not provide
the necessary time for bone tissue in-
growth in the empty space.

The isolation of bone defects could be
combined with autotransplantation or ap-
plication of other bone replacing materials
(Marti et al, 2001; Nociti et al., 2001a;
Nociti et al., 2001b).
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The guided bone regeneration in ani-
mals is well studied in maxillar or man-
dibular defects in dogs (Zhang et al,
1999; Nociti et al., 2001a; Nociti et al.,
2001b; Borissov et al., 2004). The litera-
ture data reporting the effect of GBR in
tubular bone defects are however few.

The aim of the present study was the
investigation of application of GBR in
experimental non-fixed ulnar defects in
dogs.

MATERIALS AND METHODS

Animals

Twenty four mixed-breed dogs aged 2-7
years and weighing 12-20 kg were used.
The animals were obtained from a li-
censed kennel and after the end of the
experiment, were returned back to it. The
dogs were male, intact and previously
freed from parasites. They were housed in
individual boxes and fed with a commer-
cial dry canine food for adult dogs
(Jambo-dog, Gallisman-94 S.A., Bulgaria)
and received water ad libitum. Prior to the
experiment, all dogs were treated against
ecto- and endoparasites.

The experiment was approved by the
Committee on Animal Experimentation at
the Trakia University, Stara Zagora, Bul-
garia and was performed according to
Animal Welfare Act Ne 25/10.06.05 and
the The Law on Veterinary and Medical
Activities.

Materials

Collection of fresh autocancellous bone
(AuCB). Fresh AuCB was obtained during
the operation from the proximal tibial
metaphyse using a medial approach and
bone trepane.
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Collection of allogeneic canine bone,
dura mater and xenogeneic human bone.
Six dogs, road accidents victims, were
euthanized with the consent of their own-
ers and examined for acute infectious dis-
eases. After dissection of skulls, dura ma-
ter was removed, put into physiological
saline and then, in individual bags, deeply
frozen until the subsequent processing.
The vertebral bodies of the same dogs
were collected. Vertebral cancellous bone
was removed in the form of blocks that
were also deeply frozen until processing.
Human bones were obtained from cadav-
ers, that did not suffer from any infectious
disease. The donor blood was preliminar-
ily tested for AIDS, lues and hepatitis.

Preparation of bone allogeneic and
xenogeneic transplants. The technology
was adapted from human medicine
(Mechkarski, 1991) using canine allocan-
cellous and human xenocancellous bone
processed as followed:

e Stage 1: defattening with chloroform
and ethanol;
e Stage 2: partial demineralization with

1% HCI;

e Stage 3: freezing at —20 °C;
e Stage 4: freeze drying;
e Stage 5: grinding to particles of 0.6

mm;

e Stage 6: dosing and packing in 1 g
flasks;
e Stage 7: sterilization with gamma rays.

Preparation of xenotransplants and
bioceramics (BC). BC was obtained as
followed:

e Stage 1: Preparation of source mate-
rial. Cancellous bone from healthy
calves was used. The bone was me-
chanically cleaned from muscles and
bone marrow and cut into 1x1x2 cm
pieces. The latter were abundantly
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washed with distilled water until the
complete removal of blood.

e Stage 2. Defattening. Bone material
was extracted three times with chloro-
form:ethanol (1:1) and washed with
distilled water until the complete re-
moval of chloroform.

e Stage 3. Deproteinization. Defattened
cancellous bone was processed with
20% and 10% hydrogen peroxide
solutions at 35-37°C for 24-48 h.

e Stage 4. Thermal processing. The
bone material was heated to 800°C
for 1 h for the complete elimination
of proteins and other organic sub-
stances and to obtain low crystalline
natural hydroxyapatite.

e Stage 5. Grinding and mixing. Depro-
teinized bovine bone was grinded to
0.2—0.8 mm particles and was mixed
with previously prepared partially
demineralized xenogeneic human
cancellous bone.

e Stage 6 . Dosing and packingin 1 g
flasks.

e Stage 7. Gamma ray sterilization (25
kGy, 17-18 °C).

Preparation of the biological mem-
brane (canine dura mater, CDM). The
procedure included the following stages:

e Stage 1. Washing, mechanical clean-
sing and formation of transplants into
desired dimensions.

e Stage 2. Enzymatic processing of
transplants with 0.4% tripsin solution
(Fluka, Germany) in phosphate buffer
(pH 7.2-7.4) at 35-38 °C for 3 h.
Then the material was profusely
washed with distilled water. Thus, the
globular proteins were removed.

e Stage 3. Chemical processing of
transplants. The processed dura mater
was immersed in citric acid (pH=3.0)
for neutralization and additional trip-
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sin removal. Afterwards, the trans-
plants were washed with distilled wa-
ter to neutral pH and treated with 3%
hydrogen peroxide solution for 1 h at
room temperature. Transplants were
thrice washed with distilled water and
deeply frozen at —35 to —40 °C.

e Stage 4. Vacuum sublimation drying.

e Stage 5. Packing. The processed dura
mater was packed in paper in the
form of white freeze-dried rectangle
stripes with dimensions of 4 x 5; 6 x
8 and 4 x 10 cm.

e Stage 6. Gamma ray sterilization (
Cs source, 25 kGy, 17-18 °C).
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Experimental design

All dogs were submitted to double trans-
periosteal osteotomy of both ulnar diaphy-
ses for creation of defects whose length
was 1.5 times bigger than the bone width.
The anaesthetic protocol included pre-
medication with 0.02 mg/kg s.c. atropine
sulfate (Sopharma, Bulgaria) and 0.05
mg/kg i.m. acepromazine maleate (Neuro-
tranq, Alfasan, Woerden, Holland), induc-
tion with 6 mg/kg i.v. 2.5% thiopentone
sodium (Thiopental, Biochemie GmbH,
Kudl, Austria), intubation and mainte-
nance of general anaesthesia with 2.5
vol% halothane (Narcotan, Spofa, Czech
Republic).

The dogs were allotted to 4 groups (6
animals each). The bone defects in the
different groups were treated according
the scheme presented in Table 1.

In all groups, the aim was to achieve a
good contact between transplants and host
bone edges. In treatments where dura ma-
ter was used, it isolated the defects be-
yond both host bone edges at a distance of
0.5 cm apart from the osteotomy site. The
soft tissues were sutured routinely. Post-
operatively, the animals were managed for
pain, as required, with butorphanol tar-
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Table 1. Experimental approach and bone replacing materials applied in the treatment of
segmental ulnar bone defects in dogs from the different groups

Treatment
Groups
Right ulnar defect Left ulnar defect
Group I AuCB AuCB+CDM
fresh autocancellous bone the defect was isolated from adjacent
(AuCB), obtained from the soft tissues with enzymatically processed
proximal tibial metaphyse, and freeze-dried canine dura mater
medially to the tibial crest (CDM) and then filled with fresh AuCB
(n=6) (AuCB+CDM) (n=6)
Group II AICB AICB+CDM
demineralized and freeze- the defect was isolated from adjacent
dried allocancellous bone soft tissues with enzymatically processed
(AICB) (n=6) and freeze-dried canine dura mater
(CDM) and then filled with AICB
(AICB+CDM) (n=6)
Group III XeCB XeCB+CDM
demineralized and freeze- the defect was isolated from adjacent
dried xenocancellous bone soft tissues with enzymatically processed
(XeCB) in the form of 0.2-0.6 and freeze-dried canine dura mater
mm granules (n=6) (CDM) and then filled with XeCB
(XeCB+CDM) (n=6)
Group IV XeCB+BC XeCB+BC+CDM
demineralized and freeze- the defect was isolated from adjacent

dried xenocancellous bone
(XeCB) and bioceramics (BC)

(n=6)

soft tissues with enzymatically processed
and freeze-dried canine dura mater
(CDM) and then filled with XeCB and
BC (XeCB+BC+CDM) (n=6)

trate (Torbutrol, Fort Dodge,USA) at 0.2
mg/kg, s. c¢. Intramuscular antibiotic com-
bination lincomycin 50 mg and spectino-
mycin 100 mg per mL (Linco-Spectin,
Pharmacia N.V./S.A., Puurs, Belgium)
was administered at 1 mL/5 kg for four
days following surgery.

During the first ten post operation
days, a general physical examination of
dogs was performed and the surgical
status with regard to the condition of the
wound, the type and degree of lameness
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was monitored on a daily basis. In the
consequent period to the end of the study,
these examinations were done once
weekly.

The bone union (BU) and bone forma-
tion (BF) were radiographically assessed
using the scoring system of Johnson et al.
(1996). The bone union of each transplant
to the proximal and distal host bone edges
was evaluated with 0 to 3 points each, so
that the maximum value of this parameter
ranged between 0 and 6 points. The bone
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formation was evaluated with 0 to 4
points. The maximum points of both pa-
rameters (BU+BF) was from 0 to 10.

Data were statistically processed by
one-way ANOVA.

RESULTS

Clinical observations

During the postoperative period, dogs did
not show any deviations in parameters

characterizing the general condition. Body
temperature, respiratory and heart rates
were within the reference range. The ap-
petite was normal.

In the region of both forearms there
was a moderate, slightly painful and tem-
perated oedema that disappeared within
4—-6 days. In 4 dogs however (2 from
group I and 2 from group IV), a superfi-
cial suppuration of one suture (in 3 dogs)
and 3 sutures (in 1 dog) was noticed. Dur-
ing the first postoperative days the dogs

Table 2. Bone union and bone formation scores assessed on radiographs of dogs with seg-
mental bone ulnar defects following different treatments. Values are expressed as means +

SEM from six experiments

Bone union

Bone formation

post operative months

post operative months

1 2 4 6 1 2 4 6

CE 333 = 517+ 583t 600+ 383t 383 233+ 117+
050 040 017 000 017 017 050 040

AUCB+ 0+ 167+ 250+ 367+ LI17+ 150+ 117+ 0.83+
CDM 0% 0620  0.99% 12 048 0.62* 040  0.40

AICE 133 + 233+ 2504  2.67+ 217+ 250+  1.67+ 1.83+
050 033 084 033 017 034 042 040

AICB+ oo 083 083 083 0 067+ 067+ 050+

CDM * 0.65%  0.65% 065 0%  (033%& 033 (34%

B 067+ 150+ 150+ 183 133+ 133+ 133+ 117+
021 056 056 054 050 050 033 031

XeCB+ a a a a a a b a
ey 040®  0+£0° 0+0° 0+0° 0+0°  0+0°  0+0° 00

+

])B%CB 00  0+0 00 0+0 00  0+0 00  0%0

XeCB+ 233+ 250+ 233+ 233+

comipe 0F0 00 0RO 020 g e g0 go1% 0217

AuCB = autocancellous bone; AICB = allocancellous bone; XeCB = xenocancellous bone; CDM=
canine dura mater; BC = bioceramics; * P<0.05; ** P<0.01; ***P<0.001 between AuCB and AuCB+
CDM; & P<0.05; ** P<0.01; “** P<0.001 between AICB and AICB+CDM; ? P<0.05; ® P<0.01;
¢ P<0.001 between XeCB and XeCB+CDM; * P<0.05; * P<0.01; ** P<0.001 between XeCB+BC and
XeCB+BC+CDM.
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remained recumbent, then manifested a
moderate to acute weight-bearing lame-
ness that was present for one week and
then, the function of limbs was restored.

Radiological survey

The results of serial radiography are pre-
sented in Table 2 and Fig. 1-4.

Application of autocancellous bone vs
autocancellous bone and canine dura
mater (AuCB vs AuCB+CDM). By post-
operative months 1 and 2, the bone heal-
ing score was significantly higher in de-
fects filled with AuCB compared to
AuCB+CDM (P<0.001). The same was

true for postoperative month 4 (P<0.05),
but by month 6 the difference was not
statistically significant. All six defects
filled with AuCB were completely healed
by the end of the experiment, whereas 3
defects treated with AuCB+CDM healed
both proximally and distally, 1 defect only
distally and another 2 showed no healing
at all. Bone formation was more expressed
in AuCB defects, where the difference vs
AuCB+CDM was statistically significant
in months 1 and 2. In both treatments, new
bone formation was the most obvious up
to the end of month 2. Thereafter an initia-
tion of an inverse resorption and remodel-
ling of new bone could be seen radio-

Fig. 1. (from left to right): Radiographs of canine ulna immediately after transplantation of autocan-
cellous bone (AuCB) and by post transplantation weeks 4, 8, 16 and 36.

Fig. 2. (from left to right): Radiographs of canine ulna immediately after transplantation of autocan-
cellous bone and dura mater (AuCB+DM) and by post transplantation weeks 4, 8, 16 and 36.
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Fig. 3. (from left to right): Radiographs of canine ulna immediately after transplantation of allocan-
cellous bone (AICB) and by post transplantation weeks 4, 8, 16 and 36.

-

Fig. 4. (from left to right): Radiographs of canine ulna immediately after transplantation of allocan-
cellous bone and dura mater (AICB+DM) and by post transplantation weeks 4, 8, 16 and 36.

graphically (Fig. 1 and 2).

Application of demineralized and
freeze-dried allocancellous bone vs demi-
neralized and freeze-dried allocancellous
bone and canine dura mater (AICB vs
AICB+CDM). Bone healing was better in
AICB group compared to the AICB+CDM
group by post operative months 1, 2 and 6
(P<0.05). By the end of the 6™ month, 5
out of 6 transplants in the AICB group
were only distally healed, the proximal
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osteotomy line was open while in the
AICB+CDM group none of transplants
was healed (Fig. 3 and 4). Bone formation
scores were also higher in AICB group by
months 1 (P<0.001), 2 (P<0.01) and 6
(P<0.05).

Application of demineralized and
freeze-dried xenocancellous bone vs de-
mineralized and freeze-dried xenocancel-
lous bone and canine dura mater (XeCB
vs XeCB+CDM). The bone healing and
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bone formation scores for defects treated
with XeCB+CDM were equal to zero. In
bone defects that were not isolated with
dura mater, bone formation was induced
adjacently to host bone edges. The differ-
ences between both treatmen groups were
significant (P<0.05), but the newly formed
bone was not sufficient for healing of de-
fects. The partially demineralized xeno-
transplants were radiologically visible at
the beginning of the trial and in isolated
defects were visible up to the end of the
6™ month, whereas in the XeCB group,
they were gradually resorbed and by the
end of the experiment completely dis-
solved.

Application of demineralized and free-
ze-dried xenocancellous bone and bioce-
ramics vs demineralized and freeze-dried
xenocancellous bone, bioceramics and
canine dura mater (XeCB+BC vs
XeCB+BC+CDM). In both groups, there
were no signs of bone healing of trans-
plant to host bone up to the end of postop-
erative month 6. The bone formation was
significantly better in the XeCB+BC+DM
group (P<0.001). However, the observed
bone ingrowth was not sufficient for an
adequate filling of defects and bone edge
healing and clear atrophy was noticed.

DISCUSSION

The bone defect model on canine ulna is
frequently used for studies on bone regen-
eration. The ulna is a tubular bone, that is
indispensable from a biomechanical point
of view because the radius provides a sta-
bility of the antebrachium and is the prin-
cipal weight-bearing bone. The dimen-
sions of defects used in our study (1.5
times bigger than bone diameter) are criti-
cal for tubular bones. It is shown that they
could not heal spontaneously if left empty.
Such defects have been used in various
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studies with bone transplants and bone
replacement materials (Cook et al., 1998;
Itoh et al., 1998). In some studies, various
methods of ulna fixation were applied and
good and excellent results were reported
(Cook et al, 1998). Tuominen et al
(2000) used two techniques of fixation
(intramedullar osteosynthesis and plate
and screw osteosynthesis) but with a con-
tradictory effect because the fixation de-
vices broke several weeks later. In all
cases, however, the stability during the
first weeks post osteosynthesis was cru-
cial. In our experiments, we did not fix the
bone edges and this was probably the
cause for the unfavourable effect upon
transplants with a minor osteogenic effect.
The locomotion in the region of bone de-
fect, although minimal, could also com-
promise bone healing. Moreover, the dogs
included in our study were not haused in
cages, but were allowed to move freely in
big boxes.

In order to achieve more differentiated
interpretation of radiological findings va-
rious scoring systems are used. Although
not ideal, they allow to perform a better
comparison using figures instead of a
mere description. The Johnson’s et al.
(1996) scoring system used in this study,
ensured the possibility bone healing and
bone formation to be scored separately
and then summed up.

It is known that the osteogenic effect
of fresh cancellous autografts is the best,
because cellular elements (osteoblasts and
osteoclasts) survive the operation and
combine with those of the host bone and
non-differentiated mesenchymal cells of
the adjacent soft tissues, thus producing a
new bone relatively early (Wippermann et
al., 1999; Touminen et al., 2000). The
isolation of defects from soft tissues with
dura mater, however, limits those oppor-
tunities. Furthermore, the ulna, being one

BJVM, 9, No 4



M. Paskalev, S. Krastev, Sv. Mechkarski, J. Philipov & Sv. Dyakova

of the thinner tubular bones, provided the
least contact of transplants with bone mar-
row elements of bone defect edges. This
hypothesis was confirmed in all groups
treated with CDM, compared to groups
without CDM. In the former, the osteo-
genesis was very low or lacking com-
pletely, with the exception of groups
where BC was added. In them, the oppo-
site effect was observed, but only with
regard to bone formation.

Demineralized bone tissue participates
in osteogenesis via osteoinduction (Cho et
al., 1998; Barboza, 1999). However, bio-
logical membranes (dura mater in our
case) restrict the contact of transplant and
mesenchymal cellular elements of soft
tissues. Those cells take an insignificant
part in bone ingrowth from the host bone
because in canine ulna the contact area is
very small (Itoh et al, 1998). Thus, this
explains the poorer results obtained in
groups where demineralized cancellous
allo- and xenografts combined with CDM
were applied. In jaw bone defects, this
phenomenon was not reported. In all re-
ported cases, jaw bone defects were filled
faster and with a better quality bone after
isolation with biological membranes
(Stentz et al., 1997; Caplanis et al., 1998;
Zhang et al., 1999), with the exception of
xenogeneic demineralized bone matrix
(Cho et al., 1998). In jaw bones, the site
of contact of transplants with fully cancel-
lous host bone is much larger, so the os-
teoinduction could occurs far more easily.

Hydroxyapatite ceramics is used as
bone replacement material and is reported
to stimulate osteogenesis via osteoconduc-
tion, to be compatible with host bone
(Johnson et al., 1996; Marcacci et al.,
1999) and not to induce inflammation
(Johnson et al, 1996; Marcacci et al.,
1999). Wippermann et al. (1999) ob-
served that the addition of hydroxyappa-
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tite granules to autogenous bone marrow
enhances bone ingrowth in a 3.5 cm defect
in ovine tibias. The mix of hydroxyapatite
bioceramics with autocancellous bone or
autologous bone marrow in the same
model of bone defects resulted in consid-
erable improvement of radiological and
biomechanical parameters of ingrown
bone (Johnson et al., 1996). In our stud-
ies, the combination of demineralized and
freeze-dried XeCB+BC showed that both
bone replacement materials did not com-
plement one another, although they par-
ticipated in osteogenesis via two different
mechanisms. Moreover, the results ob-
tained in the XeCB and XeCB+BC groups
suggested that hydroxyapatite BC inhib-
ited or slowed down osteoinductive prop-
erties of xenografts in our model of bone
defects.

It is known that dura mater is a good
membrane material. It is resorbed rela-
tively slowly and could be used for study
of guided bone regeneration in bone de-
fects where the processes occurred more
slowly. Canine dura mater is thinner than
human, but our technology, adapted from
human medicine, allowed its processing.
The end product permitted isolation of
tubular bone defects after rehydratation
and suturing. Being an allogenous graft, it
is well tolerated, without signs of inflam-
mation or rejection.

It could be summarized that in jaw
bones, the filling of defects isolated with
biological membranes occurred more rap-
idly and with a better quality bone (Zhang
et al., 1999). When guided bone regenera-
tion was applied in tubular bones, as in
our study, bone marrow must be allowed
to grow freely into the defect. It is a
source of polypotent cells (Nyman et al.,
2001). This condition was present in our
study, but the amount of canine ulnar bone
marrow was relatively low and thus it was
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probably one of the causes for worse re-
sults in groups, where the GBR technique
with dura mater tolerated was used. An-
other cause could be the granulated com-
position of transplants. In previous studies
of ours using the same experimental de-
sign, xenocancellous grafts were used
under the form of demineralized xenocan-
cellous pieces and the results observed for
the same time period were better (Paska-
lev, 1997). Most probably tolerated, in
bones with a larger bone marrow channel
the GBR technique would yield more
promising results. The application of
xenograft and GBR in segmental canine
ulnar defects in our studies corresponded
to the results of Cho ef al. (1998) in man-
dibular canine defects, where osteogenesis
was lacking or very weak.

In conclusion, it could be assumed that
guided bone regeneration using processed
dura mater impeded osteogenesis in seg-
mental non-fixed canine ulnar defects
regardless of the type of used osteoinduc-
tor graft.
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