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ABSTRACT 
The aim was to study the nature of the morphological changes over time in the bone tissue around 
the implants under the influence of low-intensity pulsed ultrasound in the experiment. Materials and 
methods. Experimental studies were carried out on rabbits of the chinchilla breed, with dental implants 
installed in the tibia – two experimental groups with ultrasound and one control group. The animals were 
withdrawn from the experiment at 1, 2, 4 and 8 weeks and histological examination of the sections of peri-
implant tissues was carried out. Results. The processes of osseointegration of dental implants in all groups 
of animals occurred without disrupting the normal process sequence. In the early stages granulation 
tissue is formed, later it is replaced by fibrous-reticular and coarse-fibrous bone tissue, and at the end – 
by a more mature lamellar bone tissue. However, the timing and degree of maturation of bone tissue, as 
well as osseointegration of implants in groups using low-frequency low-intensity pulsed ultrasound and 
without it differed significantly. The study showed that ultrasound exposure to implants and surrounding 
tissues induces osteoreparation processes, stimulating neoangiogenesis in granulation and newly formed 
bone tissue. Conclusion. Application of ultrasound to implants and subsequent application to the peri-
implant tissues during and after dental implantation promotes the formation of bone tissue, identical by 
the histostructure to the maternal bone.

РЕЗЮМЕ
В проведенном исследовании стояла цель – изучить природу морфологических изменений 
в костной ткани вокруг имплантатов под воздействием импульсного ультразвука низкой 
интенсивности в эксперименте с течением времени. Материалы и методы. Экспериментальные 
исследования проводились на кроликах породы шиншилла, в большеберцовую кость которым 
устанавливали дентальные имплантаты – две экспериментальные группы с ультразвуковым 
воздействием и одна контрольная. Животных выводили из эксперимента через 1, 2, 4 и 8 недель и 
проводили гистологическое исследование срезов периимплантных тканей. Результаты. Процессы 
остеоинтеграции дентальных имплантатов во всех группах животных происходили без нарушения 
последовательности этапов. На ранних стадиях формируется грануляционная ткань, позднее она 
заменяется фиброретикулярной и грубоволокнистой костной, а в конце – более зрелой пластинчатой 
костной тканью. Однако сроки и степень созревания костной ткани, а также остеоинтеграции 
имплантатов в группах с использованием низкочастотного импульсного ультразвука низкой 
интенсивности и без него существенно различались. Исследование показало, что воздействие 
ультразвука на имплантаты и окружающие ткани индуцирует процессы остеорепарации, стимулируя 
неоангиогенез в грануляционной и новообразованной костной ткани. Заключение. Озвучивание 
имплантатов и последующее ультразвуковое воздействие на периимплантные ткани при дентальной 
имплантации способствует формированию костной ткани, приближенной по гистоструктуре 
к материнской кости.
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Dental implants can significantly im-
prove the ability to restore chewing 
efficiency in patients with dentition 
defects, improve the fixation of re-

movable dentures or replace them with non-re-
movable dentures, and today dental implanta-
tion is a well-studied and widely used treatment 
method all over the world. However, there is a 
continuous search for opportunities to improve 
the surface properties and geometry of implants, 
surgical techniques and possible influences on 
the complex of tissues surrounding the implant 
to optimize the osseointegration processes and 
reduce the risks of peri-implantitis, which will 
prolong the functioning of implants. Since the 
beginning of the 1990s, studies of the potential 
therapeutic effects of ultrasound on the bones of 
the maxillofacial region were being performed, 
and most of these studies have reported positive 
results. Researchers have shown that the applica-
tion of ultrasound increases the synthesis of an-
giogenesis-related cytokines such as interleukin 
8, fibroblast growth factor, and vascular endo-
thelial growth factor. Studies have confirmed the 
ability of ultrasound therapy to improve healing 
of mandibular fractures and osteoradionecro-
sis, enhance the proliferation of fibroblasts and 
osteoblasts. With its unique ability to accelerate 
bone repair, low-intensity pulsed ultrasound may 
be a promising new method to improve the qual-
ity of osseointegration of dental implants [1–26].

zz THE AIM OF THE RESEARCH
To study the nature of morphological changes 

in the peri-implant bone tissues under the influ-
ence of low-intensity pulsed ultrasound in the 
experiment over time.

zz MATERIALS AND METHODS.
Experimental studies were carried out on 77 

Chinchilla rabbits divided into three groups: 
1st  – the comparison group (27 rabbits), 2nd 
and 3rd – the experimental groups – also 25 
rabbits each. All implants were inserted into the 
tibial bone under general and local anaesthesia.

In the 1st group (control) the laboratory an-
imals had the implants installed in tibiae us-
ing «traditional» method recommended by the 
manufacturer (without the use of low-intensity 
pulsed ultrasound). In the 2nd (experimental) 
group dental implants were subjected to low-in-
tensity low-frequency pulsed ultrasound during 
the process of insertion (10–15 seconds). The 
3rd group of laboratory animals had ultrasound 
applied to dental implants during their insertion 
plus subsequent contact exposure of peri-im-
plant area with low-intensity low-frequency 

pulsed ultrasound (for 7 days 10 minutes a day). 
The histological and histomorphometric assess-
ment was performed at 1st, 2nd, 4th, and 8th 
week after implantation.

Rabbit tibiae bone blocks containing dental 
implants were fixed in 10% neutral formalin 
for 48 hours. Decalcification was performed 
using EDTA with obligatory control of the pro-
cess completeness with calcium oxalate. The 
implants were removed from the bone after 
decalcification. Then washed in running water 
for 24 hours, dehydrated in alcohols of increas-
ing concentration (70, 80, 96, absolute alcohol). 
The material carried through the alcohol-chlo-
roform, chloroform, chloroform-paraffin and 
embedded in paraffin. From the paraffin blocks 
were sectioned 5.4 microns thick, which were 
stained with hematoxylin and eosin. Study of 
micropreparations was performed using DMLS 
microscope and software («Leica», Germany).

zz RESULTS AND DISCUSSION.
In 1 week after implantation in the first group 

of animals at the perimeter of the implant cav-
ity areas of lamellar maternal bone, necrotic 
structureless masses and zones of bone matrix 
resorption could be defined (Fig. 1).

Small areas of granulation and fibroreticular 
tissue were identified. Inter-trabecular spaces 
were filled with yellow bone marrow and small 
areas of red bone marrow with foci of necrosis. 
Necrotic death of single-parent bone osteocytes, 
inflammatory infiltration in the periosteum and 
low blood vessels density were observed.

In the second group of animals, the gap be-
tween the implant and regenerate was filled 
with connective tissue. Granulation tissue was 
more mature than in the control group and was 
dominated by a fibrous component and blood 
capillaries (Fig. 2).

In the maternal bone resorption areas were 
filled with fibroreticular tissue with a high den-
sity of osteogenic cells. Osteoblasts were sin-
gle-row, compact, maternal bone matrix had 
normal structure, osteocytes lie freely in bone 
lacunae, the number and shape of the Haversian 
canals were not changed.

In the third group of animals a connective 
tissue capsule formation, comprising of areas 
of fibroreticular and granulation tissue, was ob-
served throughout the implant cavity perimeter. 
Granulation tissue was replaced by fibroreticu-
lar at considerable length of the perimeter of the 
implant cavity (Fig. 3).

Granulation tissue was characterized by the 
presence of different diameter blood capillaries 
containing endothelial layer. Trabecular cavities 
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were filled with bone marrow with a high den-
sity of cells of fibroblastic type. There were no 
necrotic areas.

In 2 weeks after implantation in the first group 
of animals, peri-implant space was mostly occu-
pied by a newly formed bone tissue. Also, small 
areas of granulation and dense fibrous tissue 
were determined (Fig. 4).

Bone trabeculae were oriented at different an-
gles and parallel to the surface of the implant. 
Inter-trabecular spaces were filled with fibrore-
ticular tissue with high osteoblastic density on 
the trabeculae surface. Not in all areas of new-
ly formed bone osteogenic cells were observed, 
and coarse fibrous tissue dominated.

In the second group 2 weeks after implanta-
tion connective tissue capsule around implants 
formed mostly fibroreticular newly formed 
bone and small areas of mature granulation tis-
sue. The newly formed bone trabeculae were 
oriented for the most part parallel to the surface 
of the implant (Fig. 5).

On the trabeculae surface, single osteocytes 
and compactly situated osteoblasts were deter-
mined. In the inter-trabecular space areas of fi-
broreticular tissue and red bone marrow with 
blood vessels was visualized.

In the third animal group, the perimeter of the 
implant cavity is determined by newly formed 
bone tissue consisting of osteoid trabeculae 
forming marrow spaces (Fig. 6).

Inter-trabecular spaces are filled with fibrore-
ticular tissue and red bone marrow. Well distin-
guished are active osteoblasts on the trabeculae 
surface and osteocytes in the bone matrix. This 
marks the beginning of lamellar bone formation.

In 1 month after implantation, the results of 
the first group were characterized by the pres-
ence of peri-implant fibroreticular tissue, wo-
ven bone tissue, but with remaining small foci 
of granulation tissue, quite immature, multicel-
lular and with low vascularity (Fig. 7).

Inter-trabecular spaces were filled with fi-
broreticular tissue, areas of maternal trabeculae 
bone resorption and osteoclasts were visualized.

In the second group of rabbits at 1 month, a 
significant thickening of the periosteum on the 
border with the implant is observed. Also, in-
creasing proliferation of inner osteogenic layer 
of the periosteum and the formation of trabecu-
lar bone can be seen (Fig. 8).

In the newly formed bone, the abundance of 
osteocytes in bone matrix and osteoblasts com-
pactly arranged on the surface of bone trabecu-
lae is observed.

The third group of animals at 1 month was 
determined by newly formed predominately 

lamellar bone tissue throughout the implant 
cavity. (Fig. 9).

Bone trabeculae oriented mainly parallel to 
the surface of the implant. Clear border con-
nections are not traced to the parent bone. The 
Haversian cavities are filled with red bone mar-
row with functioning blood vessels.

After 2 months, in the second and third groups 
of animals, compact bone with woven trabecu-
lae and lamellar bone areas was observed. New-
ly formed osteons and areas of mature lamellar 
bone were identified. In peri-implant region, 
vascular network with erythrocytes in the lu-
men of the newly formed blood vessels could 
be seen. Areas of fibroreticular tissue were not 
present. In the first animal group, peri-implant 
bone area was visually less than in the second 
and third groups (Fig. 10).

Woven bone areas with low density of osteo-
genic cells and areas of fibroreticular tissue fill-
ing inter-trabecular spaces were observed. In the 
second group areas of lamellar bones prevailed 
over the newly formed woven bone (Fig. 11).

In the inter-trabecular spaces, red bone mar-
row with numerous blood capillaries is visual-
ized. The newly formed osteons and the border 
with matrix bone can be seen. The animals of the 
third group, for the most part, had formed lamel-
lar bone of normal histological structure around 
the perimeter of the implant cavity (Fig. 12).

There is a large number of osteocytes on the 
bone surface and red bone marrow in the inter-
trabecular spaces. There is no border observed 
between newly-formed and matrix bone.

zz CONCLUSION 
The processes of osseointegration of dental im-

plants in all groups of animals occurred without 
disrupting the normal process sequence. In the 
early stages granulation tissue is formed, later 
it is replaced by fibrous-reticular and coarse-fi-
brous bone tissue, and at the end - by a more 
mature lamellar bone tissue. However, the tim-
ing and degree of maturation of bone tissue, as 
well as osseointegration of implants in groups 
using low-frequency low-intensity pulsed ultra-
sound and without it differed significantly.

Thus, in the first group of rabbits, matura-
tion of bone tissue is observed, consisting of 
necrosis zones, immature granulation tissue, 
defects of the maternal bone in the early pe-
riod and the predominance of coarse fiber tis-
sue in later terms of osteosynthesis, there is 
no complete integration of bone regenerate 
with the implant. The ultrasonic effect on the 
implants in the second group of animals con-
tributes to a more complete integration of the 
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Fig. 2. The morphological features of peri-
implant tissues in experimental animals of the 
second group at 1 week (H & E stain, x200).

Fig. 5. The morphological features of peri-
implant tissues in experimental animals of the 
second group at 2 weeks (H & E stain, x200).

Fig. 8. The morphological features of peri-
implant tissues in experimental animals of the 
second group at 1 month (H & E stain, x200).

Fig. 11. Morphological signs of peri-implant 
tissues in experimental animals of the second 
group at 2 months (H & E stain, x200).

Fig. 3. The morphological features of peri-
implant tissues in experimental animals of the 
third group at 1 week (H & E stain, x200).

Fig. 6. The morphological features of peri-
implant tissues in experimental animals of the 
third group after 2 weeks (H & E stain, x200).

Fig. 9. The morphological features of peri-
implant tissues in experimental animals of the 
third group after 1 month (H & E stain, x200).

Fig. 12. Morphological signs of peri-implant 
tissues in experimental animals of the third 
group at 2 months (H & E stain, x200).

Fig. 1. The morphological features of peri-
implant tissues in experimental animals of the 
first group at 1 week (H & E stain, x200).

Fig. 4. The morphological features of peri-
implant tissues in experimental animals of the 
first group at 2 weeks (H & E stain, x200).

Fig. 7. The morphological features of peri-
implant tissues in experimental animals of the 
first group at 1 month (H & E stain, x200).

Fig. 10. Morphological signs of peri-implant 
tissues in experimental animals the first group 
after 2 months (H & E stain, x200).
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newly formed bone tissue with the implant 
surface than in the first group of animals. Den-
tal implantation with ultrasound application 
to implants and subsequent ultrasonic applica-
tion to peri-implant tissues in the third group 

induces osteoreparation processes, stimulat-
ing neoangiogenesis in granulation and newly 
formed bone tissue, contributes to the forma-
tion of bone tissue identical by histostructure 
to the maternal bone.
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