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The alveolar process is a tissue that develops as the 
teeth grow. The volume and shape of the alveolar pro-
cess mainly determines the shape of the teeth, their axis 
of eruption and inclination (27). Periodontal disease is 
the most common indication for tooth extraction in ca-
nine dentistry. Epidemiological studies show that 80% 
of dogs over two years of age suffer from periodontal 
and dental disease (1). On clinical examination, in 
stage IV periodontal disease, there is vertical atrophy 
of the alveolar bone, severe gingivitis and periodonti-
tis, loosening of stage II and III teeth, development of 
numerous pathological pockets and formation of stage 
II and III furcations. On radiographic examination, 
alveolar bone atrophy, numerous pathological pock-

ets and numerous periapical lesions within the roots 
of the teeth are observed. The only way to treat such 
advanced periodontal disease is a numerous extrac-
tion of a large number of teeth. Increasingly, alveolar 
bone atrophy is observed in clinical practice after 
extractions performed on young patients (26). This is 
particularly evident in small and miniature breeds of 
dogs, although we can also encounter it in large breeds 
showing predisposition (e.g. Labradors – about 57%) 
(36). After complete extraction of the dentition in dogs, 
the alveolar bone is not prosthetically supplied, as it is 
in human dentistry. After the procedure, owners often 
feed the dog only soft food, so that the animal is not 
forced to chew the food. Thus, the bone does not work 
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The purpose of the study was to demonstrate bone regeneration and the time of formation of new alveolar 
bone based on implanted FlexiOss®Vet bone substitute material. The study attempted to determine the time 
taken to fill bone defects with newly formed osseous bone compared to alveoli with a standard method of 
filling the post-extraction alveolus with a collagen sponge. The study was conducted on a group of 12 dogs 
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border between the alveolus and alveolar bone. On the left side, the alveoli were clearly penetrable to X-rays, 
and hollow alveoli filled mainly with connective tissue were observed. The study also showed a significant 
reduction in bone healing time in alveoli with implants compared to self-healing alveoli. These results suggest 
that the implanted material is significantly beneficial in the process of bone regeneration in large bone defects 
in dogs and notably shortens the process of bone regeneration after tooth extractions. It is presumed that this 
could reflect a model for the treatment of large bone defects in not only the maxilla and mandible, but also 
long bones, and that it could be a model for alveolar healing in humans.
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and begins to undergo slow lysis – this is known as 
functional atrophy.

Clinical and radiographic studies conducted to date 
have shown that pronounced changes in the height and 
width of the alveolar process occur after both single 
and multiple tooth extractions (5, 16). The process 
leading to bone reduction is more pronounced in the 
initial phase of wound healing than in later periods af-
ter tooth extraction. Most of the dimensional changes, 
both horizontal and vertical of the alveolar process, 
take place during the first three months of healing (19). 
The greatest atrophy occurs in the buccal wall of the 
alveolus, due to the loss of its physiological function. 
The buccal alveolar compact lamina, whose function 
is to anchor the tooth, is no longer needed and reduces 
in size when the tooth is removed. Data available in the 
literature report atrophy of the alveolar bone vertically 
by 11-22% and from 26.7 to as much as 62.4% of the 
alveolar width in the first period after tooth extrac-
tion, i.e. 2-7 months. Afterwards, the rate of atrophy 
decreases to about 1% per year (26). For this reason, 
cases of pathological fractures after tooth extraction 
have been reported in dogs with moderate to advanced 
periodontitis. Previous studies have shown that the 
incidence of pathological mandibular fractures in dogs 
is related to the first mandibular molars.

To prevent pathological fractures after extraction, 
if possible, the extraction should be performed with 
a technique that is as minimally traumatic to the tissues 
as possible, and additional procedures such as bone 
grafting or filling the alveolus with bone substitute 
material should be performed. To make sure that the 
bone after tooth extraction does not continue to recede, 
the alveolus after tooth extraction should be regener-
ated. Developments in veterinary dentistry should 
prompt veterinarians to think more deeply and take 
additional measures to both protect and further preserve 
all elements of the oral cavity. The restoration of the 
alveolus and alveolar process after tooth extraction 
should therefore in fact be a mandatory procedure to 
preserve the height and width of the alveolus. Collagen 
sponge is a commonly used material for filling post-
extraction alveoli. It is a highly effective, resorbable, 
natural porcine-derived type 1 collagen that provides 
rapid absorption and high biocompatibility. The strong 
haemostatic effect allows for shorter treatment times 
and promotes wound healing by stabilising the clot, 
accelerating epithelialisation and revascularisation. 
However, the use of a collagen sponge does not inhibit 
alveolar bone atrophy, so the use of a bone substitute 
material is necessary to prevent it.

One of the most appreciated bone fillers due to its 
biocompatibility, lack of carcinogenic properties and 
high resistance to sterilisation processes is hydroxyapa-
tite. There are many commercially available bone graft 
materials based on biological and synthetic hydroxyap-
atite (29). Hydroxyapatite in porous form can not only 
serve as a bone filler, but can also be used as a carrier 

for active substances such as antibiotics (33). The use 
of hydroxyapatite alone due to its poor resorption, low 
resistance to fracture and long-lasting bonding to host 
cells made it necessary to find a solution to improve 
the properties of hydroxyapatite and its remodelling 
in bone tissue (23). This result was achieved by using 
polymers and ceramics. The disadvantage of ceramic-
containing materials is their shape. They often come 
in the form of granules, which are difficult to implant 
in bone defects, and in the form of hard pellets, which 
are difficult to fit into the implant site. (10) The solu-
tion to improve these properties of hydroxyapatite is to 
combine it with a polymer, which significantly reduces 
this disadvantage. The polymers used are mostly of 
animal origin, so the need for thorough purification 
(due to the high risk of transmitting infections such 
as viruses) necessitates a high product price. To solve 
the above-mentioned problems, B-glucan, which is 
a relatively cheap and non-animal-derived substrate, 
was used as the polymer phase.

The formulation used in the study, FlexiOss®Vet, is 
a mouldable biomaterial produced from calcium phos-
phate (hydroxyapatite of synthetic origin) and curdlan 
(a glucan polysaccharide composed of glucose). It has 
no cytotoxic or carcinogenic effects, and due to its bio-
activity it bonds directly to bone and stimulates osteo-
genesis. The purpose of this study was to determine the 
time of bone reconstruction of the alveolar processes 
based on the implanted bone substitute FlexiOss®Vet 
and to demonstrate the effectiveness of the tested mate-
rial in the healing process of extensive alveolar lesions, 
thereby preventing alveolar bone atrophy after tooth 
extraction. FlexiOss®Vet has previously been used in 
animals, but the studies carried out did not provide 
a detailed answer to the question of the time taken for 
the bone defect to fill after implantation of the material 
and were merely a confirmation of the effectiveness of 
the biomaterial tested. The second preparation tested, 
Surgispon, is commonly used in dentistry.

Material and methods
Animals participating in the study. The study involved 

12 patients – mixed breed dogs between 3 and 8 years of age, 
weighing between 5 and 20 kg (Average age of patients was 
6.5 years, average weight of patients was 9.58 kg), healthy, 
without systemic chronic diseases. Given the minimal size 
of the study group, it was determined that 12 patients with 
similar oral lesions treated at comparable times would be 
a sufficient number to be able to draw reliable conclusions 
from the research. The animals involved in the study came 
from private owners who gave written consent for their pets 
to participate in the study. The procedures carried out are 
routinely performed on the animals and therefore no addi-
tional approval from the ethics committee was required. 
Patients were qualified for the procedure on the basis of 
a  clinical examination and an oral X-ray. The two main 
circumstances excluding a patient from taking part in the 
study were medical conditions and radiological evaluation. 
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Concerning the first circumstance, patients were disquali-
fied because of the presence of chronic diseases due to the 
impossibility of comparing healing in healthy patients with 
patients who may have impaired healing due to, for example, 
kidney, liver or heart disease, or those taking medications 
that alter calcium and phosphate absorption or metabolism. 
Chronic diseases were also a contraindication to subject-
ing patients to subsequent anesthesia for radiological 
follow-up. Therefore, only patients whose physical status 
level according to the American Society of Anesthesiolo-
gists (ASA status) was not equal to or higher than ASA III 
were qualified for the procedure. The second disqualifying 
circumstance was derived from the condition of the oral 
cavity: if based on the clinical and radiological evaluation 
there was no requirement to remove the same teeth both 
on the right and left side, then this would make it impos-
sible to compare the healing process of the two sides. The 
group of patients qualified for the study therefore included 
those whose lesions on both sides of the oral cavity were 
at a similar stage, which largely allowed observation of the 
time and quality of wound healing. The animal owners were 
informed of the procedure, but they did not know which 
side was being treated with bone substitute material and 
which side was being treated in the conventional manner. 
They were tasked with observing the animals (the way they 
took their food and any pain reactions) and were asked to 
make their own assessment of both sides each week after 
surgery (they were asked to mark the manifested symptoms 
in the provided table: swelling of the mucosa, bleeding on 
touch, congestion, whether it was covered with secretion, 
pain reaction to touch). The table adopts the 0-1 system; 
i.e. if there was discharge, it should have been marked with 
a “+”, regardless of what its nature was. If there was no 
discharge, it had to be marked with a “–”; sign. The same 
principle applied to the evaluation of other observations. In 
the study, there was no need to hide information from the 
attending physicians, since the clinician (AMK) carried out 
the observation according to the established scheme (right 
side – examination, left side – follow-up) and evaluated 

the state of healing according to the above scheme and on 
the basis of cyclic X-ray examinations. The results of the 
clinical evaluation of the patients; oral condition and x-ray 
examination are shown in Table 1. Dogs with significantly 
advanced periodontal disease – stomatitis grade IV (accord-
ing to AVDS, i.e. American Veterinary Dental Society), in 
which a large number of extractions were necessary, were 
eligible for the study, so that it was possible to compare 
mirrored alveoli (Fig. 1, 2). Following the clinical evalua-
tion and X-ray examination of the teeth (photos in oblique 
head projection and dental X-ray of the teeth), the teeth 
were qualified for necessary extraction (Fig. 5).

Preparation of bone substitute material. In the test 
sample, FlexiOss®Vet was placed into the alveoli after tooth 
extraction (based on the data in the drug product information 
leaflet). The FlexioOss®Vet biomaterial is packaged sterile, 
and is plasticized with sterile saline solution to achieve 
plasticity and formability during implantation. For this pur-
pose, after opening the package, the shaper was placed in 
a sterile container containing saline solution in an amount 
that completely covers the shape of the biomaterial.

Due to soaking before placing the preparation in the 
alveolus, it becomes malleable: it can be cut and shaped 
as desired. Using sterile scissors and tweezers, triangular 
moulds were cut and implanted in the alveoli. Taking into 
account the physical properties of the formulation, includ-
ing its expansion and increase in volume by about 30% 
in 48 h, elements were used in the size of a maximum of 
50% of the alveolar volume. A Surgispon collagen sponge, 
which was also soaked in saline and placed to fill 50% of 
the alveolus, was placed in the alveolus of the other treated 
side of the patient (considered as a control trial). This is 
a  material commonly used in dentistry, both in humans 
and animals that has a haemostatic effect, and its role is to 
maintain the clot in the alveolus, preventing the formation 
of a dry alveolus. It is an agent in the form of lyophilized 
tampons of various sizes. It is non-toxic, anti-allergenic, 
non-immunogenic and non-pyrogenic. Its uniform porosity 
guarantees positive haemostasis.

Tab. 1. Clinical evaluation of the oral tissues and X-ray after surgery at a specific time

% of X-ray impermeability in 
alveolar sockets after extractions Number of dogs showing the symptoms tested (% of study group)

Canine 
tooth Incisors Premolar 

and molar
Sweeling of 
the mucosa

Congestion/
bleeding on touch

Wound edges spreading, 
fistula formation

Exudation from 
the wound

Pain reaction 
to touch

3rd 
week

Right side   90%   90% 100%   2 (16.7%)   4 (33.3%) 0 (0%) 0 (0%)   0 (0%)

Left side   10%     0%     0% 10 (83.3%) 10 (83.3%) 2 (16.7%) 4 (33.3%) 10 (83.3%)

4rd 
week

Right side   90% 100% 100%   1 (8.3%)   2 (16.7%) 0 (0%) 0 (0%)   0 (0%)

Left side   20%   30%   50%   8 (66.6%)   8 (66.6%) 2 (16.7%) 4 (33.3%)   8 (66.6%)

5rd 
week

Right side 100% 100% 100%   0 (0%)   0 (0%) 0 (0%) 0 (0%)   0 (0%)

Left side   30%   40%   80%   7 (58.3%)   7 (58.3%) 2 (16.7%) 4 (33.3%)   7 (58.3%)

6rd 
week

Right side 100% 100% 100%   0 (0%)   0 (0%) 0 (0%) 0 (0%)   0 (0%)

Left side   50%   70% 100%   3 (25%)   0 (0%) 0 (0%) 4 (33.3%)   3 (25%)

7rd 
week

Right side 100% 100% 100%   0 (0%)   0 (0%) 0 (0%) 0 (0%)   0 (0%)

Left side   80%   90% 100%   0 (0%)   0 (0%) 0 (0%) 0 (0%)   0 (0%)

8rd 
week

Right side 100% 100% 100%   0 (0%)   0 (0%) 0 (0%) 0 (0%)   0 (0%)

Left side 100% 100% 100%   0 (0%)   0 (0%) 0 (0%) 0 (0%)   0 (0%)
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Surgical procedures. Surgical procedures were per-
formed under general anaesthesia with all principles of 
surgical asepsis. Patients were put under general anaesthesia 
based on the anaesthesia protocol developed for performing 
this type of procedure.

In the first stage of the procedure, the oral cavity was 
thoroughly cleaned of tartar and plaque using an ultrasonic 
scaler and polishing erasers and then rinsed with chlorhexi-
dine solution. Tooth extraction was carried out using an open 
method, i.e. an incision was made in the mucosal flap, the 
periosteum was stripped and the bony process was removed 
from the buccal side, leaving the lingual/palatal wall intact. 
After removal of the tooth, the alveoli were lysed. On the 
right side, FlexiOss®Vet material was placed into the alveoli, 
while on the left side, the alveoli were protected in the tra-
ditional manner, i.e. with Surgispon haemostatic sponge.

The right side of the patient was considered the test group, 
while the left side was considered the control group of post-
extraction alveoli. Lastly, enough tissue was released so that 
a flap could be placed over the alveolus without spontaneous 
retraction. The wound was sutured with 4–0 monofilament 
material using single sutures so that there was no tension 
within the healing tissue (which could result in the flap 
opening and the material falling out of the alveolus). As 
the post-surgery treatment the animals received standard 
antibiotic therapy and pain prevention.

Clinical and radiological evaluation. To demonstrate 
the timing of bone coverage of the alveoli based on the fill-
ing used, the study animals were divided into 3 groups of 
4 individuals each. The first group underwent radiological 
follow-up at 3 and 6 weeks after surgery, the second at 4 
and 7, and the third at 5 and 8 weeks after surgery.

The standard bone healing time reported in the literature 
assumes healing within 8 weeks (11, 17). It was assumed 
that alveoli that were not implanted with FlexiOss®Vet, but 
filled with the routinely used Surgispon collagen sponge, 
would also be healed at 8 weeks to allow for comparison. 
The bone-filling material was subjected to radiographic 
evaluation of healing; in addition, radiographic images of 
the mirrored alveoli were compared. Radiographic evalu-
ation is used to indirectly assess bone structure and its 

mechanical properties. The oral cavity was subjected to 
clinical evaluation (mode of alveolar healing, degree of 
gingival atrophy, macroscopic evaluation of healing of 
post-extraction wounds).

Macroscopic examination of the oral cavity was per-
formed with a periodontometer (otherwise known as a peri-
odontal probe): a blunt-ended, graduated instrument used 
to assess the periodontium, or gums and peri-gingival tis-
sues. The scale of the periodontal probe (from 1 to 10 mm, 
graduated in 1 or 2 mm increments depending on the peri-
odontometer) makes it possible to determine the depth of 
the pathological pocket and the degree of gingival recession. 
Using the probe, it is also possible to determine the degree 
of furcation in multi-rooted teeth and assess the state of 
healing of post-extraction tissues. Finally, both oral cavity 
sides treated differently were compared.

Results and discussion
Clinical examination on the right side, which was the 

test sample, revealed a marked strengthening of the mu-
cosal structure and showed no signs of inflammation or 
surgical wound dehiscence. On the control (left) side, 
the gingiva was visibly reddened, the mucosa was soft 
and sensitive to touch, bleeding on touch until 5 weeks 
after surgery. In the follow-up sample, periodontal 
examination with a periodontometer showed impaired 
bone and gingival healing with granulation forma-
tion in many areas, which was not noted in the study 
sample. The bone graft material persisted throughout 
the study period, forming mineralized bone tissue 
extending from the inner implant area to the buccal 
and palatal sides, which represented the area of bone 
loss created after extraction. On the left (control) side, 
granulation formation and resorption of alveolar bone 
in the buccal area were observed.

The X-ray examination on the right side (with 
implanted FlexiOss® Vet) showed an X-ray imperme-
ability of 100% of the alveoli in the 3rd week after 
extraction, in the small alveoli after extraction of 
premolars and molars (mainly short and thin roots), 

Fig. 1, 2. Condition of the oral cavity before the treatment on the right side of the mouth – all the features of stage IV stoma-
titis can be found here – strong recession of the gums and bone, purulent discharge from the pathological pockets, III degree 
furcations in multi-rooted teeth, periodontitis
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which persisted until the end of the examination. On the 
control side, filling of the alveoli with bone (and thus 
reduced radiopaque permeability) did not occur until 
the 4th week of the examination, filling half of the alve-
oli and gradually filling the alveoli with newly formed 
bone in the following weeks. The incisors, although not 
considered by clinicians difficult to extract, are never-
theless wide and long teeth. Hence, filling the alveoli 
with bone took place later than in the case of premolars 
and molars. Filling of the post-extraction alveoli with 
bone, and thus increasing the impermeability to X-rays, 
takes place in the case of the incisors at this level in 
week 5 (gradually increasing the impermeability from 
week 3 of the study from 90% to 100%) of the study in 
the case of the side with the FlexiOss®Vet implanted, 
while on the left side, where the collagen sponge was 
implanted, the process was much slower. At week 3 on 

the left side, the alveolar bone was 100% transmissible 
to X-rays and an impermeability to X-rays of 90% did 
not occur until week 7 of the procedure. Full filling of 
the alveolus with bone did not occur until week 8 of 
the study. The largest tooth in the dog’s jaw – and thus 
the tooth that will leave the largest alveolus by volume 
is the fang. It is the alveolus after fang extraction that 
best demonstrates how much implantation of bone sub-
stitute material accelerates recovery after surgery. On 
the right side, 100% filling of the alveolus with newly 
formed bone took place at 5 weeks postoperatively, 
while on the left side, at 8 weeks postoperatively. The 
healing process on the right side started very quickly: 
at 3 weeks after extraction, 90% of the alveolus was 
already filled, while on the left side, the impermeability 
to X-rays was only 10% and increased very slowly with 
each successive week of the study (Fig. 3, 4, 6, 7, 8).

Fig. 3, 4. Oral condition 3 weeks after the procedure. On the left side – gums still reddened, tender, bleeding during periodon-
tometer examination. Macroscopic examination shows tooth extraction sites with tissue collapse at the alveolar site. On the 
right side of mounth -gums well adhered to bone, no bleeding during periodontometer examination. Bone on the right side 
is hard, the bone plate is expanded, on the left side – in clinical assessment, the bone is soft, thin, in some places (especially 
after extraction of large teeth) collapsed with a reduced steepness compared to the right side

Fig. 5. Radiological evaluation before surgery 
– visible numerous furcations, pathological 
pockets and periapical lesions in all teeth. 
Stomatitits IV

Fig. 6, 7. Radiological control at 3 weeks after surgery (6) and 4 weeks after 
surgery (7) – on the right side, white arrows mark areas of low X-ray perme-
ability suggesting bone expansion at the site with implanted FlexiOss®Vet bone 
substitute material. On the left side, the black arrows mark the alveoli filled 
with soft tissue, with no signs of ossification
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On the right side there was also no regression of the 
alveolar bone. On the opposite, left side, the alveoli 
were still penetrable to X-rays at day 21, and there 
was gradual atrophy of the alveolar bone. Radiological 
enhancement was not as strong as on the right side. 
Pet owners reported a significant improvement in their 
dog’s health and well-being within 1-3 days after the 
procedure. On macroscopic examination, clear dif-
ferences were observed between the right side of the 
patient, where hydroxyapatitepolymer (FlexiOss®Vet) 
was applied, and the left side, where only Surgispon 
collagen sponge was placed.

Securing the alveolar bone after extraction is an 
essential part of an adequate treatment. In the spon-
taneous healing of an alveolar wound, the local ge-
ometry regulates the function of the cells during the 
healing process, the flow of fibroblasts organizes the 
formation of collagen fibers and collagen forms lines 
of tension in response to moving tissues. The forces 
involved in healing a post-extraction alveolus can be 
compared to the forces acting during the pulling of 
a rope: myofibroblasts pull from both the buccal and 
palatal/lingual edges toward the centre of the alveolus. 

Since the balance depends on the relative mass of the 
two edges, the buccal wall, due to its structure, will 
give way under the tension of the granulation tissue 
and begin to undergo gradual lysis (30). In the context 
of alveolar wound healing, the site of generating cell 
contraction force in the post-extraction wound is of 
great importance: it stabilizes the wound and serves 
as a matrix for bone formation (18, 31). In dentistry, 
a small percentage of cases involve an alveolar wound 
that has all four walls necessary for spontaneous bone 
healing. According to Vogel et al, the absence of one 
of the alveolar walls can result in impaired alveolar 
healing (35). Due to the loss of alveolar structure, there 
is also a loss of alveolar function, and this results in 
partial or complete resorption of the buccal alveolar 
bone wall after tooth extraction (13).

In dogs, post-extraction alveolar protection is most 
important in small and miniature breeds. In miniature 
breeds, periodontal disease occurs at a  young age 
and often requires numerous extractions. The thick-
ness of the alveolar bone in these dogs is often about 
1-1.5 cm in height of the entire mandibular alveolar 
bone. Considering the vertical bone recession of  
11-22% shown above, one should expect about  
0.8-1.3 cm of vertical bone in such a patient. Year after 
year, this atrophy will progress. With such extensive 
atrophy of the alveolar bone, extraction in a young dog 
of a small or miniature breed may result at a later time 
in complete atrophy of the mandibular bone and thus 
impaired food intake and chewing, as well as related 
problems (7, 28). In extreme cases, feeding an animal 
through a probe or by the owner may be necessary, as 
it will be impossible for the dog to take food from the 
bowl independently.

In medium and large breed dogs, this problem is not 
as severe, as the bone (especially of the mandible) in 
every dimension (height, width and thickness) is much 
larger than in miniature breeds. As a result, even at the 
highest percentage of bone atrophy, there will be no 
risk of jaw fracture. In medium and giant breeds, secur-
ing the post-extraction alveolus in periapical lesions 
presents a challenge. The removal, in particular, of such 
large teeth as the fang, the first molar of the mandible or 
the last premolar of the maxilla without protecting the 
alveolus with bone-replacement material can result in 
the formation of an oronasal fistula or impaired healing 
of the alveolus with the formation of a large amount 
of granulation tissue. Finding the simplest ways to 
protect the alveolar bone from atrophy and methods of 
bone restoration is therefore a key topic that modern 
veterinary dentistry needs to focus on.

Available literature data extensively describes vari-
ous methods of filling post-extraction alveoli (14, 20, 
21). In the present study, we considered the two most 
popular ways: the use of collagen sponge and hydroxy-
apatite in a polymeric form.

The main function of the collagen sponge is to have 
a haemostatic effect and to hold the clot in the alveolus 

Fig. 8. The condition of the alveoli 8 weeks after surgery. Bone-
-filled alveoli with a predominance of bone on the right side 
without features of bone recession. The state of recession can 
be seen particularly well by comparing incisor and canine ca-
vities on the right (white arrows) and left sides (black arrows)
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to prevent post-extraction complications, including 
impaired healing of the alveolus or the formation of 
a so-called dry alveolus. It is, however, not sufficient 
in the healing process especially in large alveoli, where 
the forces acting on the alveolus are greater than the 
compensatory forces of the absorbable material col-
lagen sponge. The clot undergoes remodelling into 
granulation tissue in a short period of time, and this 
can contribute to alveolar remodelling, fibrous tissue 
ingrowth and destructive effects on the alveolar bone 
(6, 8).

Hinz B. et al. in a 2001 study demonstrate its indi-
rect effect on the structural and mechanical support 
of the surrounding tissues by releasing tension in the 
coronal part of the wound, thereby blocking premature 
tissue collapse in the first phase of healing (12, 34). 
Hydroxyapatite is one of the best studied biomaterials 
in both human and veterinary medicine (37, 38).

With multiple or deep alveolar bone defects, as well 
as in patients with a thin periodontal biotype, not only 
dimensional changes in bone but also soft tissue reces-
sion may occur (22). According to Rothamel et al., the 
right choice for treatment therefore appears to be to 
protect the alveoli with bone substitute material, which 
has a positive effect on bone healing and prevents at-
rophy of peripheral alveolar bone fragments (25). The 
use of pure hydroxyapatite does not seem to be a good 
solution, as the increased amount of hydroxyapatite in 
the implant material decreases the degradation rate of 
the material as mentioned by Jung B. T. et al. Hence, 
it is necessary to use materials that contain a combi-
nation of hydroxyapatite with polymers or bioceram-
ics, which significantly improve their osteoinductive 
properties that promote cell proliferation (15). The 
available literature data show significant advantages of 
assimilating biodegradable materials, e.g. no scarring 
or hardening of the tissues around the implant, no risk 
of material rejection, full biocompatibility and reduced 
healing time. A detailed comparison of combinations of 
hydroxyapatite with substances intended to improve its 
properties was presented in their study by Rajewska J. 
et al. The data presented by the authors shows that 
biodegradable polymers can therefore be successfully 
used instead of conventional materials, depending 
on the properties needed in a particular case. Lactide 
polymers play a significant role in the future of bone 
regeneration due to their ease, cheapness and ethics of 
maintenance as well as their processability (24).

The innovation of combining the two components 
into a composite comprises carrying out curdlan into 
a triple helix structure: a conformation that does not 
stimulate pro-inflammatory processes and allows 
trapping of hydroxyapatite granules. It has proven 
biocompatible, able to stimulate bone growth through 
direct action on osteoblasts, non-toxic, and having 
properties that minimize inflammation through the use 
of the sugar polymer curdlan (2, 3). It is also worth 

noting that it is the only formulation available on the 
market that takes on a plastic form after soaking, so it 
can be easily moulded and fit three-dimensionally into 
the alveolus. The standard bone healing time reported 
in the literature assumes healing within 8 weeks (27, 
36). In this study, it was assumed that alveoli that were 
not implanted with FlexiOss®Vet, but filled with the 
routinely used Surgispon collagen sponge, would also 
be healed in 8 weeks, allowing a comparison between 
the two methods. Our study shows radiologically that 
the alveolus is filled with bone as early as 21 days 
after tooth extraction. This demonstrates accelerated 
osteogenesis based on the placed FlexiOss®Vet bone 
substitute material as early as week 3 of the study.

The study conducted, on one hand, is particularly 
aimed at drawing attention to the frequently overlooked 
problem of alveolar healing in dogs. After tooth ex-
traction, often no thought is given to alveolar bone in 
dogs in the long-term context and the consequences 
of not protecting the alveolus especially in small and 
miniature breeds of dogs. Hydroxyapatite in human 
dentistry is widely used particularly in periodontics 
and implantology (9). Publications relating to this topic 
indicate that there is no „gold standard” for alveolar 
preservation, and none of the techniques used so far 
are able to completely stop bone resorption. However, 
studies reporting on the use of hydroxyapatite note 
reduced alveolar bone resorption and better soft tis-
sue behaviour, including keratinization in the post-
extraction wound healing process. Considering the 
correlation between bone quality and quantity, there 
is a distinct advantage of using hydroxyapatite over 
collagen sponge (32).

The results of the study show that the formation of 
new bone in the alveolus after implantation of the poly-
meric formulation of hydroxyapatite (FlexiOss®Vet) 
is faster (21 days) than when the alveolus is protected 
with only collagen sponge (56 days). On macroscopic 
examination, there are noticeable differences between 
alveoli in which cavities were replaced with newly 
formed bone on the basis of FlexiOss®Vet, compared 
to alveoli filled with Surgispon, in which granulation 
was formed, and the process of bone reconstruction 
was much slower. There were no post-operative com-
plications in areas with implanted bone substitute  
material.

Thus, the observations show that the scaffold built 
on the basis of FlexiOss®Vet provides suitable condi-
tions for osteogenesis while inhibiting the forces that 
cause lysis of the buccal alveolar wall. It can be con-
cluded that it could also serve as an ideal way to fill 
large bone defects even in bones affected by severe 
inflammation associated with periodontal disease, 
along with concomitant anti-inflammatory therapy. 
Reducing bone resorption with a hydroxyapatite frame-
work is a modern, minimally invasive and promising  
concept.
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