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Summary 

Borissov, I., N. Uzunov and M. Paskalev, 2004. Clinical and radiological studies upon a 
combined method for guided bone regeneration in experimental mandibular defects in dogs 
−−−− a preliminary communication. Bulg. J. Vet. Med., 7, No 1, 35−44.  
 
Investigations were carried out on 12 mixed-breed dogs aged 18−−−−24 months with an uniform body 
weight and gender, put under similar conditions of housing and feeding. In all dogs, 36 mandibular 
bone defects were produced by extraction of the second premolar and the first molar. Thus, 3 bone 
defects were created in each dog: one from the first premolar alveolus and two −−−− corresponding to 
alveoli of both roots of the second molar. The defects were randomly assigned to 4 groups (groups А,
В, С and D). Groups C and D were further divided into subgroups (С1,С2 and D1,D2). The first group 
of defects (group А) were covered only with mucoperiosteal flaps (MPF) whereas in groups В, С and 
D, several modifications of the combined method for guided bone regeneration were applied.   

The treated bone defects were compared clinically and radiologically. After a 3-month period of 
survey, the best results were obtained in the group treated with partially demineralized bone matrix 
(pDBM), enzymatically processed and lyophilized dura mater (EPLDM) and mucoperiosteal flap 
(MPF). The placement of titanium screw (TS) dental implants did not impair the guided bone regen-
eration, that was confirmed by their good osteointegration. 
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INTRODUCTION 

The terms “guided bone regeneration” and 
“osteopromotion” are used for designation 
of the application of physical means over 
an anatomical zone in order to prevent the 
ingrowth of other tissues (especially new 
connective tissue) and their involvement 
in reparative bone regeneration (Linde et 
al., 1991). 

The concept of guided bone regenera-
tion (GBR) is known since the 50-ties of 
the last century (Murray et al., 1957). It is 

generally accepted that the formation of a 
new bone requires three factors: 1) a 
blood clot; 2) vital osteoblasts and 3) con-
tact with vital tissues. The various fenes-
trated plastic membrane are used for GBR 
to cover and protect the blood clot, whose 
inside is filled with new bone.  

The efficacy of the membrane tech-
nique was confirmed in rats and monkeys 
(Dahlin et al., 1988, 1990). In those ex-
periments, expanded polytetrafluoroethy-
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lene (ePTFE) is used as membrane mate-
rial. Linde et al. (1991) and Schmidt et al. 
(1991) suggested that the osteopromotive 
technique had the capacity to create new 
bone in anatomical zones where it was not 
present, i.e. to induce neoosteogenesis. 
Dura mater is a natural material charac-
terized with a slow resorption (over 6 
months) and good fibroblastic adhesion 
and epithelial inhibition. It is dense 
enough and could be used for providing 
an extra space and increasing the alveolar 
ridge dimensions (Tsvetkov and Mechkar-
ski, 1988). 

Now, the membrane technique is used 
for bone formation around screw dental 
implants, for alveolar ridge restoration 
and in reconstructive cranioplastics (Hop-
per et al., 1996; Eppley, 1997).  

The most efficient method for reci-
pient zone augmentation in screw dental 
implantation is the use of fresh autografts 
(Buser et al., 1995; Fowler et al., 2000). 
During the last years, however, their ap-
plication is restricted due to several dis-
advantages and the implementation of 
osteoconductive and osteoinductive tech-
niques for bone regeneration via applica-
tion of allo- and xenografts.  

The immediate application of screw 
dental implants in fresh postextraction 
alveoli, combined with osteopromotive 
technique, has considerable advantages 
from a clinical point of view. Thus, the 
alveolar ridge is protected from resorp-
tion, that would probably allow the later 
implantation of longer dental implants and 
the adjacent supporting bone is increased. 
Moreover, the immediate placement of 
screw dental implants with barrier mem-
branes shortens the treatment time.  

All those facts suggest that the appli-
cation of methods based on the combina-
tion of the osteoinductive, osteoconduc-
tive and osteopromotive features of vari-

ous transplants and implants is a valuable 
approach for the treatment of jaw defects 
and missing teeth restoration. Neverthe-
less, their practical implementation is not 
developed enough and not fully eluci-
dated. That is why our study aimed to 
compare the effect of application of vari-
ous elements of the combined technique 
for guided bone regeneration on experi-
mental mandibular defects in dogs via 
radiography. 

MATERIALS AND METHODS 

The experiments were performed on 12 
dogs weighing 16−−−−18 kg, at the age of 
18−−−−24 months. Two weeks prior to the 
experiment they were treated against para-
sitic infections, housed and fed in individ-
ual cages under uniform conditions. In all 
animals, the second mandibular premolar 
and the first mandibular molar were uni-
laterally extracted. Thus, 3 post extraction 
bone defects were created in each dog: 
one from the first premolar alveolus and 2 
−−−− corresponding to alveoli of both roots of 
the second molar. The defects in all dogs 
(a total of 36 defects)  were assigned to 4 
groups (groups А, В, С and D).  

Enzymatically processed and lyophili-
zed dura mater (EPLDM) was used as 
membrane material, and partially demine-
ralized bone matrix (pDBM) −−−− as bone 
replacing material. They were prepared 
according to the original technologies of 
Tsvetkov and Mechkarski (1988) and 
Mechkarski (1991) in the Laboratory of 
Biopreparations for the Medical Practice 
at the Institute of Nutritional Technologies 
and Lyophilization, Sofia. The transplants 
were of human origin and xenogeneic for 
the experimental animals. Twelve stan-
dard titanium screw implants,Tapper-Lok 
type (Paragon - Sulzer-Dental, USA) were 
also used. 
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The different groups were treated as 
followed:  
• Group A (n=6): untreated (control) 

post extraction dental alveoli. After 
the clotting of blood, the mucope-
riosteal flap (MPF) was replaced and 
hermetically sutured.  

• Group B (n=6): experimental defects, 
filled with pDBM and covered with 
MPF (pDBM+MPF). 

• Group C (n=12): experimental defects, 
isolated with EPLDM and MPF, su-
tured over it. In half of those defects, 
the interradicular septum was evened 
out and a titanium screw (TS) was im-
planted. Thus, two subgroups were 
formed: С1 (n=6) −−−− treated with 
EPLDM+MPF and С2 (n=6) −−−− treated 
with EPLDM+MPF+TS. 

• Group D (n=12): Experimental defects 
treated by the combined method of 
GBR. This group was also divided into 
two subgroups: D1 (n=6) −−−− where the 
defects were filled with pDBM and 
covered with EPLDM. The MPF was 
replaced and hermetically sutured 
(pDBM+EPLDM+MPF). Into the de-
fects of the D2 subgroup (n=6), tita-
nium screws  were placed into the al-
veolus or into the interradicular sep-
tum, then filled with pDBM, covered 
with EPLDM. The MPF was replaced 
and hermetically sutured (TS+pDBM+ 
EPLDM+MPF). 
During the postoperative period, the 

animals were fed with soft food 
“Pleasure”- BG for a week, and thereafter 
– with commercial dry food ”Canil Social 
Gouomarc H” – Brasilia and water ad 
libitum. The physical examinations (chan-
ges in body temperature, heart and respi-
ratory rates) were performed daily. The 
local changes were observed via inspec-
tion and palpation. The changes in man-
dibular bone and bone defects were fol-

lowed out through lateral radiography by 
post operative weeks 2, 4, 8 and 12 with a 
TUR – 800 X-ray unit. 

RESULTS  

General condition of experimental ani-
mals during the post operative period  

From all 12 animals, 11 had no complica-
tions during the postoperative period. 
During the first week, the dogs accepted 
voluntarily the soft food and the water and 
afterwards – the dry food. During the first 
3−−−−4 days, the body temperature varied 
from 39.1 to 39.5 oC but the differences vs 
baseline values were not statistically sig-
nificant. The heart and respiratory rates 
were within the normal ranges. In one dog 
from group D2, mandibular osteomyelitis 
occurred.  

Evaluation of operative wound status and 
the recovery  

Hyperaemia and oedema. As early as the 
first post operative day, moderate to se-
vere hyperaemia and oedema were ob-
served. They persisted for 5-9 days, then 
gradually decreased and disappeared 
completely. The surrounding soft tissues 
and the gingiva were with a normal colour 
and structure.  

Dehiscences. The overall number of 
dehiscences was 7 (19.4%). All dehis-
cences were partial. They were treated 
with conservative methods and healed 
secondarily within the 27th post operative 
day. Two of them were in the control 
group A. One dehiscence was observed in 
group B (pDBM+MPF); 2 −−−− in group С2
(TS+EPLDM) and 3 – in group D (2 in 
subgroup D1 and 1 in subgroup D2).  

Six of all dehiscences epithelized 
completely. In one, a small fistula in the 
region of the implanted titanium screw 
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occurred following the secondary epitheli-
zation (group D2). 

Suppurations. One suppuration was 
observed in group D2. It appeared on the 
4th post operative day and was present up 
to 18th day after the operation.  

Osteomyelitis. Clinically, osteomyeli-
tis was seen in one of defects from group 
D2. It was confirmed by the pathoana-
tomical and histopathological study.  

Rejection of the bone xenograft. A 
partial rejection of the xenograft was ob-
served in one post extraction alveolus 
from group D2, where the osteomyelitic 
focus has then  developed.  

Loosening and rejection of titanium 
screws were not observed.  

Radiological results 

The radiographs obtained  by post opera-
tive weeks 2, 4 and 8 did not exhibit any 
significant differences. By the 3rd post 
operative month, the radiological picture 
was as followed: 

Group A (MPL). Three months after 

the operation, the defects in the MPF 
group were present or were filled with 
fibrous tissue, had irregular borders and 
were characterized with an insignificant 
new bone ingrowth from the interradicular 
septum (Fig. 1 and 2).  

Group B (pDBM+MPF). Here, 90% 
of the defects were filled with newly 
formed bone tissue. The boundary betwe-
en the interradicular septum and the new 
bone was hardly visible (Fig. 3).  

Group C1 (EPLDM+MPF). Seventy 
percentages of the postextraction defects 
were  filled  with a well visible connection 
of the new bone with the interradicular 
septum, both cranially and caudally (Fig. 
4).   

Group C2 (EPLDM+MPF+TS). In this 
subgroup, the placement of TS did not 
result in any considerable difference in 
osteogenesis. Into the defects, an osteoin-
ductive factor was lacking. 

Group D1 (pDBM+EPLDM+MPF). 
The defects, isolated with EPLDM were 
completely filled with newly formed bone. 

 

Fig. 1. Radiograph of the mandible in dog No 
1, 3 months following the operation. The defect 
(arrow) is covered only with mucoperiosteal 
flap. No significant amount of newly formed 
bone is visible. 

Fig. 2. Radiograph of the mandible in dog No 
2, 3 months following the operation. The de-
fect (arrow) is covered only with mucoperio-
steal flap. No significant amount of newly 
formed bone is visible. 
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The boundary between the host bone and 
the pDBM transplant was hardly visible. 
The alveolar ridge was well delineated 
and aligned to the adjacent one (Fig. 5). 
At the same time, the defects without 

EPLDM were with irregular alveolar ridge 
and were filled almost entirely with bone 
tissue (Fig. 3 and 6). 

Group D2 (TS+pDBM+EPLDM+ MPF). 
The placement of titanium screws imme-

Fig. 4. Radiograph of the mandible in a dog, 3 
months following the operation. The defect 
(arrow) is covered with enzymatically proc-
essed lyophilized dura mater and mucoperio-
steal flap. The newly formed bone tissue is 
visible inside the defect. 
 

Fig. 5. Radiograph of the mandible in dog No 
9, 3 months following the operation. The defects 
are treated with partially demineralized bone 
matrix, enzymatically processed and lyophilized 
dura mater and  mucoperiosteal flap (arrows). 
They are entirely filled with new bone and the 
alveolar ridge is flattened. 
 

Fig. 6. Radiograph of the mandible in dog No 
3, 3 months following the operation. The post 
extraction defects are treated with partially 
demineralized bone matrix and  mucoperio-
steal flap (arrows). They are filled almost en-
tirely with new bone tissue.  

Fig. 3. Radiograph of the mandible in dog No 
4, 3 months following the operation. The 
defect is treated with partially demineralized 
bone matrix and  mucoperiosteal flap (upper 
arrow) and is almost entirely filled with 
newly formed bone tissue. Lower arrows 
show defects covered only with MPF with no 
signs of osteogenesis inside. 
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diately after the teeth extraction and de-
fect formation did not influence the new 
bone ingrowth regardless of the place of 
its implantation −−−− into the alveolus or into 
the interradicular septum (Fig. 7 and 8).  
The osteointegration of the implant into 
the new bone could not be differentiated 
from that in the host bone (Fig. 8). The 
boundary between bone regenerate and 
the host bone was not visible.  

On the basis of the clinical and radio-
logical studies we established a good 
compatability of both screws and trans-
plants in 11 of all dogs (91.6%). 

DISCUSSION 

Considering the general condition and the 
local clinical signs in the early and the late 

post operative period, the dogs supported 
well the surgical intervention. Despite that 
the experimental model for the formation 
of mandibular bone defects was very of-
fensive, serious complications were not 
observed. The partial dehiscences and 
suppurations of buccal wounds were easi-
ly overcome, evidenced from the high 
percentage of successful results after the 
application of our combined method for 
GBR and TS implantation. The occuring 
complication in one dog from group D2
(osteomyelitis) could be due to operative 
manipulations. This inflammation has not, 
however, resulted in screw loosening. 
Similarly, Persson et al. (2001) reported 
that after experimentally provoked peri-
implantitis, titanim implants did not lose 
their stability. Therefore, our results 
showed a high efficacy of the treatment of 

Fig. 7. Radiograph of the mandible in dog No 
11, 3 months following the operation. The 
defects are treated with titanium screws, par-
tially demineralized bone matrix, enzymati-
cally processed and lyophilized dura mater 
and  mucoperiosteal flap (arrows). Implants are 
well integrated into the newly formed bone 
tissue. 

Fig. 8. Radiograph of the mandible in dog No 
12, 3 months following the operation. The 
upper arrow shows a titanium implant placed 
into the interradicular septum and the lower 
arrow −−−− a titanium implant placed into the 
dental alveolus. All defects are treated with 
partially demineralized bone matrix, enzy-
matically processed and lyophilized dura 
mater and  mucoperiosteal flap. A good os-
teointegration (without peri-implant osteolysis 
zones) is visible. 
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mandibular bone defects with combined 
method of guided bone regeneration. 

The best studied artificial membrane 
material is expanded polytetrafluoroethyl-
ene (ePTFE) (Dahlin et al., 1990; Dahlin, 
1993; Buser et al., 1995; Nyman et al.,
1995, 2001). Its principal disadvantage is 
that it is not absorbable. This necessitated 
the development of synthetic (Becker et 
al., 1996; Etienne et al.,1996; lu et 
al.,1996; Caffesse et al.,1997) or natural 
absorbable materials (Zhang et al., 1999;  
Bohning et al., 1999; Barboza, 1999; 
Fowler et al., 2000; Giardino et al.,
2002). A disadvantage of natural mem-
branes is their rapid absorption that does 
not allow enough time for bone tissue 
ingrowth in the empty space.  

The human dura mater used by us was 
a good membrane material for guided 
bone regeneration of canine mandibular 
defects. In all defects where dura mater 
was placed under the mucoperiosteal flap, 
it provided the time required for new bone 
ingrowth. When the membrane was com-
bined with pDBM, this occurred more 
rapidly and more efficiently.  

The combined method for guided bone 
regeneration, applied by us, resulted in 
filling of bone defects and preservation of 
mandibular shape and dimensions. The 
newly formed bone tissue was of good 
quality and allowed a good osteointegra-
tion of titanium screws.  

The loading of oral implants in dogs, 
when they are used as anchors of ortho-
dontic materials results in a significant 
increase in hardness and density of alveo-
lar bone ridge near the implants. The de-
gree of osteointegration according to our 
studies however seemed not to be related 
to the load degree. According to Melsen 
and Lang (2001) and Gotfredsen et al. 
(2001) unloaded implants often preserve 
the bone features of the alveolar ridge. 

Electron microscopic studies of tita-
nium implants in dogs did not exhibit a 
statistical difference in the peri-implant 
bone volume due to compression and ten-
sion influences. This is an evidence for 
the maintenance of a rigid osteointegra-
tion that makes titanium implants suitable 
for orthodontic units (Saito et al., 2000).  
The studies of Gotfredsen et al. (2001) 
hoever showed a better mineralization 
around the loaded titanium implants com-
pared to unloaded ones. In our studies, the 
implants were not submitted to any load, 
but the results suggest that the good os-
teointegration would probably justify their 
application as a base of dental prostheses 
and orthodontic materials.  

The titanium implants used by us, 
showed a good stability even in cases with 
clinically manifested inflammation. In 
none of them, loosening and rejection was 
observed. The placement of absorbable 
and non-absorbable biological membranes 
after surgical debridement and bone graft-
ing in induced peri-implantitis with bone 
defect do not play a significant role upon 
bone-to-implant contact (Nociti et al.,
2001a). 

In peri-implant bone defects, the verti-
cal bone fill is better when treatment 
methods are combined with bone grafting 
(Nociti et al., 2001b). Our studies also 
confirmed this fact. As to the osteointe-
gration of titanium implants in newly 
formed bone, there is no difference be-
tween ceramic transplant-induced bone fill 
and that, induced by other forms of bone 
grafting −−−− the osteoinductive properties of 
the graft and the fill of mandibular defects 
is thought to be sufficient (von Arx et al.,
2001). In all cases, the defects were filled 
more rapidly and with superior quality bo-
ne after isolation via biological membra-
nes, with the exception of xenogeneic de-
mineralized bone matrix (Cho et al.,
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1998). The bone graft, tested in our expe-
riment −−−− pDBM, although xenogeneic, 
resulted in a good osteointegration of im-
plants. 

In conclusion, the approach of guided 
bone regeneration, applied independently 
or in combinations with implantation of 
titanium screw in dogs with experimental 
mandibular bone defects, tested in our 
studies, was efficient, well tolerated by 
animals, stimulated the osteogenesis and 
was characterized with an excellent osteo-
integration of implants in newly formed 
bone. It is promising and could be applied 
in veterinary dentistry and maxillo-facial 
surgery. 
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