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Abstract
INTRODUCTION. Modern surgical dentistry is searching for the most effective bone-substituting materials 
that ensure predictable bone tissue regeneration in the alveolar ridge area. In this context, the domestically 
produced osteoplastic material “Gistograft” based on octacalcium phosphate granules for socket augmenta-
tion is of significant interest due to its use of nucleic acids as molecular triggers for reparative processes. The 
primary proposed mechanism of action is the stimulation of growth factor expression, among which vascular 
endothelial growth factor (VEGF) plays a key role.
AIM. To assess bone tissue condition following socket augmentation with an osteoplastic material based on 
octacalcium phosphate granules using cone-beam computed tomography (CBCT) data.
MATERIALS AND METHODS. The study included 15 patients aged 18 to 45 years with ICD-10 diagnosis K04.5 
“Chronic periodontitis” without severe comorbidities. Patients were randomized into two groups. In the first 
group (8 patients), socket augmentation with synthetic osteoplastic material based on octacalcium phos-
phate granules was performed after tooth extraction. In the second group (7 patients), no augmentation was 
performed, and healing occurred under blood clot. Bone tissue condition was assessed by CBCT before sur-
gery and 6 months post-intervention. Statistical analysis was performed using Statistica 6.0 software, with 
differences considered statistically significant at p < 0.05.
RESULTS. In the first group, CBCT data at 6 months post-surgery showed marked positive dynamics with 
signs of mineralization and integration of octacalcium phosphate granules into surrounding bone tissue. 
Mean bone height in the defect area increased from 13.4 mm to 16.5 mm, while ridge width remained stable 
(approximately 5 mm). In the second group, ridge height decreased by an average of 4 ± 2 mm: height de-
creased from 8.0 mm to 6.4 mm, width from 4.0 mm to 3.3 mm. Statistical analysis revealed significant differ-
ences between groups (p < 0.05).
CONCLUSION. The use of synthetic osteoplastic material based on octacalcium phosphate granules for 
socket augmentation allows formation of sufficient bone volume and height for subsequent implant treatment 
and reduces the need for additional bone grafting procedures.
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Резюме
ВВЕДЕНИЕ. В современной хирургической стоматологии продолжается поиск наиболее эффектив-
ных костнозамещающих материалов, обеспечивающих предсказуемую регенерацию кости в области 
альвеолярного отростка и альвеолярной части челюстей. В этом контексте отечественный остеопла-
стический материал «Гистографт» на основе гранул октакальциевого фосфата, предназначенный для 
аугментации лунки удаленного зуба, представляет значительный интерес благодаря использованию 
нуклеиновых кислот в качестве молекулярных триггеров репаративных процессов. Основным пред-
полагаемым механизмом действия является стимуляция экспрессии факторов роста, среди которых 
ключевую роль играет фактор роста эндотелия сосудов (VEGF, Vascular Endothelial Growth Factor).
ЦЕЛЬ. Оценить состояние костной ткани после аугментации лунки остеопластическим материалом 
на основе гранул октакальциевого фосфата по данным конусно-лучевой компьютерной томографии.
МАТЕРИАЛЫ И МЕТОДЫ. В исследование включены 15 пациентов в возрасте от 18 до 45 лет с диа-
гнозом по МКБ-10 К04.5 «Хронический периодонтит» без тяжелых сопутствующих и хронических забо-
леваний. Пациенты были рандомизированы на две группы. В первой группе (8 пациентов) после уда-
ления зуба проводили аугментацию лунки синтетическим остеопластическим материалом на основе 
гранул октакальциевого фосфата. Во второй группе (7 пациентов) аугментацию не выполняли, зажив-
ление протекало под кровяным сгустком. Оценку состояния костной ткани осуществляли по данным 
компьютерной томографии до операции и через 6 месяцев после вмешательства. Статистическую об-
работку данных проводили с использованием пакета Statistica 6.0, статистически значимыми считали 
различия при p < 0,05.
РЕЗУЛЬТАТЫ. У пациентов первой группы по данным КЛКТ через 6 месяцев после операции отмечали 
выраженную положительную динамика с признаками минерализации и интеграции гранул октакаль-
циевого фосфата в окружающую костную ткань. Средняя высота костной ткани в зоне дефекта уве-
личивалась с 13,4 мм до 16,5 мм, ширина альвеолярного гребня оставалась стабильной (около 5 мм). 
Во второй группе отмечали убыль высоты альвеолярного гребня в среднем на 4 ± 2 мм: высота умень-
шалась с 8,0 мм до 6,4 мм, ширина – с 4,0 мм до 3,3 мм. Статистический анализ выявил достоверные 
различия между группами (p < 0,05).
ЗАКЛЮЧЕНИЕ. Применение синтетического остеопластического материала на основе гранул окта-
кальциевого фосфата при аугментации лунки удаленного зуба позволяет сформировать достаточный 
объем и высоту костной ткани для последующего имплантологического лечения и уменьшить необхо-
димость дополнительных костнопластических вмешательств.

Ключевые слова: остеопластический материал, аугментация лунки зуба, октакальциевый фосфат, 
дентальная имплантация, конусно-лучевая компьютерная томография, VEGF
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INTRODUCTION
Modern oral surgery places considerable empha-

sis on the development and implementation of effec-
tive bone regeneration techniques, which are of criti-
cal importance for treatment planning and execution 
of dental implant rehabilitation [1–4]. Following tooth 

extraction, bone remodeling processes are initiated 
within the alveolar process and the alveolar part of 
the jawbones, accompanied by physiological resorp-
tion of the alveolar bone and subsequent changes in 
its volume and architectural structure [3–6]. Resto-
ration of adequate bone volume and quality is a key  

https://orcid.org/0000-0001-8595-8864
https://orcid.org/0000-0003-4388-8911
https://orcid.org/0000-0003-0585-4518
https://orcid.org/0000-0002-3844-0082
https://orcid.org/0009-0007-9699-8555
https://orcid.org/0009-0008-5917-284X
https://orcid.org/0000-0003-1546-5129
https://doi.org/10.36377/ET-0207


439

Том 24, № 2 / 2026

determinant of successful dental implant placement, 
while preservation of the alveolar ridge through soc- 
ket preservation is regarded as one of the principal 
strategies for preventing pronounced post-extraction  
atrophy [2–5; 7].

One of the most widely applied surgical proce-
dures aimed at maintaining bone volume and preven- 
ting resorptive changes is socket augmentation using 
various osteoplastic materials [2; 4; 6; 8]. In recent 
years, increasing attention has been directed toward 
both autogenous and allogeneic, xenogeneic, and 
synthetic biomaterials for socket preservation, in-
cluding β-tricalcium phosphate, hydroxyapatite, col-
lagen-based composites, and novel nanostructured 
systems [3; 5; 6; 8; 9]. Within this spectrum, materials 
based on octacalcium phosphate (OCP) are of par-
ticular interest, demonstrating promising outcomes 
in maxillofacial surgery and ridge preservation proce-
dures [9–11].

The domestic material “Histograf” belongs to 
a  class of synthetic osteoplastic compositions based 
on octacalcium phosphate granules and is character-
ized by the use of nucleic acids as molecular triggers 
of reparative processes. It is hypothesized that this 
material stimulates the expression of growth factors, 
including vascular endothelial growth factor (VEGF), 
thereby enhancing angiogenesis and, consequently, 
bone tissue regeneration [10–13]. VEGF is a key regu-
lator of vascularization, promoting capillary network 
formation and improving perfusion of regenerating tis-
sues; its role in osteogenesis and bone defect repair 
has been demonstrated in both experimental and clini-
cal studies [10–13].

It has been shown that precise regulation of VEGF 
dose and local concentration is critical for the coordi-
nated progression of angiogenesis and osteogenesis, 
as both deficiency and excessive levels of this factor 
may impair bone matrix formation and vascular network 
development [12–14]. Accordingly, the use of osteo-
plastic materials capable of inducing controlled VEGF 
expression and supporting angiogenesis within the de-
fect site is considered a promising direction in bone tis-
sue engineering and regenerative dentistry  [5;11–14]. 
Thus, a comprehensive evaluation of the clinical ef-
ficacy and radiological characteristics of octacalcium 
phosphate granule-based materials in post-extraction 
socket augmentation remains a relevant task in con-
temporary oral and maxillofacial surgery.

MATERIALS AND METHODS
The study was conducted at the Department of 

Oral Surgery, Borovsky Institute of Dentistry, Seche- 
nov First Moscow State Medical University. A total of 
15 patients of both sexes, aged 18 to 45 years, without 
decompensated systemic diseases or severe chronic 
conditions, were included in the study. All patients 
were diagnosed with ICD-10 code K04.5 (“Chronic api-
cal periodontitis”), which served as an indication for 
tooth extraction.

Patients were allocated to study groups using a ran-
domization method.

Group 1 (n = 8) included patients in whom socket 
preservation was performed following tooth extraction 
using a synthetic osteoplastic material based on octa-
calcium phosphate granules enriched with vascular en-
dothelial growth factor (VEGF).

Group 2 (n = 7) included patients in whom no socket 
augmentation was performed, and healing occurred 
under a blood clot.

All patients underwent cone-beam computed to-
mography (CBCT) prior to surgery and at 6 months post-
operatively to assess bone tissue status and changes in 
alveolar ridge height and width in the defect area. Linear 
measurements (ridge height and width) were obtained 
from standardized CBCT sections. Statistical analysis 
was performed using Statistica 6.0 software. Norma- 
lity of data distribution was assessed, and appropriate 
parametric or non-parametric tests were applied for 
intergroup comparisons. Differences were considered 
statistically significant at p < 0.05.

SURGICAL PROCEDURE
All surgical interventions were performed under local 

anesthesia using conduction and infiltration techniques 
with 4% articaine solution with epinephrine 1 : 100,000 
(Articaine 4% with epinephrine 1:100,000, 1.7 mL).

Atraumatic tooth extraction was performed, inclu- 
ding root sectioning using a dental bur when necessary, 
followed by meticulous curettage of the socket until the 
appearance of pinpoint bleeding.

In Group 1, after socket preparation, augmentation 
was performed using an osteoplastic material based 
on octacalcium phosphate granules combined with 
VEGF. Immediately prior to application, the granules 
were mixed with sterile saline solution to obtain a mol- 
dable consistency, after which the socket was carefully 
filled with the prepared material. A hemostatic sponge 
(Alvance) was placed over the graft material and se-
cured with interrupted sutures using Vicryl 4/0 (mean: 
3 sutures per case).

Patients in both groups received standard postope- 
rative pharmacological management, including:

– antibiotic therapy (amoxicillin / clavulanate 625 mg 
twice daily for 7 days);

– non-steroidal anti-inflammatory drugs as needed 
(nimesulide);

– antihistamine therapy (chloropyramine 25 mg, 1 tab-
let at night for 3 days).

Clinical follow-up was performed dynamically with 
assessment of wound healing, presence of inflamma-
tory signs, pain intensity, and patient-reported symp-
toms. Radiological evaluation was repeated at 6 months 
to assess the volume and structural characteristics of 
the regenerated bone tissue (Fig. 1–8).

RESULTS
The study evaluated the clinical course of the post-

operative period and radiological outcomes in patients 
who underwent socket augmentation using an osteo- 
plastic material based on octacalcium phosphate 
granules (Group 1) and in patients with spontaneous 
socket healing under a blood clot (Group 2).
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Fig. 3. Patient K (Group 2) diagnosed with chronic apical 
periodontitis of tooth 3.6
Рис. 3. Пациент К (группа 2), диагноз – хронический 
периодонтит зуба 3.6

Fig. 4. Patient K (Group 2) after extraction of tooth 3.6 
without subsequent socket augmentation
Рис. 4. Пациент К (группа 2): проведено удаление 
зуба 3.6 без последующей операции аугментации 
лунки

Fig. 5. Patient M (Group 1): CBCT-scan of prior to tooth extraction and socket augmentation 
(bone height is 14.5 mm to the inferior alveolar nerve)
Рис. 5. Пациент М (группа 1): КЛКТ-снимок пациента до удаления зуба и операции аугментации лунки 
(костная ткань составляет 14,5 мм до нижнелуночкового нерва)

Fig. 2. Patient M (Group 1) after extraction of tooth 3.6 
with subsequent socket augmentation procedure
Рис. 2. Пациент М (группа 1): проведено удаление 
зуба 3.6 с последующей операцией аугментации 
лунки

Fig. 1. Patient M (Group 1) diagnosed with chronic apical 
periodontitis of tooth 3.6
Рис. 1. Пациент М (группа 1), диагноз – хронический 
периодонтит зуба 3.6
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Fig. 6. Patient M (Group 1): CBCT-scan of 6 months after socket augmentation
Рис. 6. Пациент М (группа 1): КЛКТ-снимок спустя 6 месяцев после операции аугментации лунки

Fig. 7. Patient K (Group 2): CBCT-scan of prior to tooth extraction without subsequent socket augmentation
Рис. 7. Пациент К (группа 2): КЛКТ-снимок до операции удаления зуба без последующей аугметации

Fig. 8. Patient K (Group 2): CBCT-scan of 6 months after tooth extraction without socket augmentation  
(healing occurred under a natural blood clot)
Рис. 8. Пациент К (группа 2): КЛКТ-снимок спустя 6 месяцев после удаления, без проведения операции 
аугментации (заживление под собственным сгустком)
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In the overall study cohort, the postoperative period 
was uneventful in the majority of cases. Mild inflammato-
ry reactions at the surgical site, manifested as soft tissue 
hyperemia and edema, were observed in three patients 
and resolved following standard therapy. In one patient 
from Group 1, graft material rejection occurred due to 
significant non-compliance with postoperative instruc-
tions; this case was excluded from the final analysis.

In Group 1, CBCT evaluation at 6 months postopera-
tively demonstrated a pronounced positive radiological 
response, characterized by signs of mineralization and 
integration of octacalcium phosphate granules into the 
surrounding bone tissue. The graft particles appeared 
as areas of increased radiodensity, which gradually be-
came less distinguishable within the newly formed bone 
matrix, a finding interpreted as evidence of successful 
osseointegration.

The mean alveolar bone height in the defect re-
gion in Group 1 increased from 13.4 ± 1.2 mm to 
16.5 ± 1.5 mm, while the alveolar ridge width remai- 
ned stable (5.0 ± 0.5 mm). The mean vertical bone gain 
was 3.1 ± 0.8 mm.

In Group 2, in which spontaneous healing occurred 
under a blood clot, CBCT data at 6 months demonstra- 
ted a reduction in alveolar ridge height of 4.0 ± 2.0 mm 
on average. Bone height decreased from 8.0 ± 1.5 mm 
to 6.4 ± 1.8 mm, while ridge width decreased from 
4.0 ± 0.8 mm to 3.3 ± 0.9 mm. In several cases, the re-
sulting bone volume was insufficient for subsequent 
dental implant placement without additional bone aug-
mentation procedures.

Statistical analysis revealed significant differences 
in newly formed bone parameters between the aug-
mentation group and the spontaneous healing group 
(p < 0.05), indicating more favorable conditions for 
subsequent implant rehabilitation when an octacalcium 
phosphate–based osteoplastic material was used.

DISCUSSION
The obtained results demonstrate that the use of an 

osteoplastic material based on octacalcium phosphate 
granules for socket augmentation after tooth extraction 
contributes to the preservation and increase of alveolar 
ridge height compared with spontaneous healing under 
a blood clot. These findings are consistent with previ-
ously published data on ridge preservation techniques 
employing various synthetic and xenogeneic biomate- 
rials [2–4; 6; 8; 9]. A number of clinical and experimental 
studies have shown that socket filling with biomaterials 
reduces both horizontal and vertical ridge resorption 
and improves conditions for subsequent implant place-
ment [2; 3; 6; 8; 9].

The present results are in agreement with previ-
ously reported outcomes on octacalcium phosphate 
(OCP)-based materials, including OCP–collagen com-
posites, which have demonstrated the formation of 
highly vascularized bone tissue with a pronounced type 
H vascular network and favorable morphometric cha- 
racteristics  [9–11]. The observed increase in alveolar 
ridge height and maintenance of ridge width in the aug-
mentation group in the present study provide more fa-

vorable conditions for optimal implant positioning with-
out the need for additional bone grafting procedures, 
which is of significant clinical relevance [2–4; 8; 9].

The proposed mechanism of action of the “Histo-
graf” material, involving stimulation of VEGF expression 
and enhancement of angiogenesis, is consistent with 
the current concept of osteoangiogenesis coupling, ac-
cording to which successful bone regeneration is criti-
cally dependent on the coordinated formation of vascu-
lar and bone tissue compartments [10–13; 15]. Experi-
mental studies have demonstrated that local delivery of 
VEGF or the use of biomaterials capable of inducing its 
expression promotes accelerated neovascularization, 
increased bone mineral density, and improved struc-
tural organization of bone in defect sites [10; 12; 13; 15]. 
At the same time, it is emphasized that the dose and 
release kinetics of VEGF must be carefully controlled, 
as excessive angiogenic stimulation may lead to the for-
mation of immature or excessively vascularized tissue 
with impaired osteogenic potential [12; 13; 15].

In the present study, the superior clinical and ra-
diological outcomes observed in the augmentation 
group may be attributed to the combined osteocon-
ductive properties of OCP granules and an additional 
angiogenic effect mediated through VEGF-dependent 
mechanisms. Such a combination of osteoconduc-
tion and controlled osteoinduction is currently con-
sidered one of the key directions in the development 
of advanced bone substitute materials [5; 11–13; 15].  
Furthermore, the use of CBCT as a quantitative method 
for assessing bone volume and architecture is consis- 
tent with contemporary recommendations for stan- 
dardized radiological evaluation of alveolar ridge pre- 
servation procedures [3; 4; 6; 8; 16].

The main limitations of this study include the rela-
tively small sample size and the limited follow-up pe-
riod (6 months), which do not allow for assessment of 
long-term implant outcomes and the stability of alveo-
lar ridge parameters. Definitive validation of the clini-
cal efficacy of octacalcium phosphate–based materials 
requires larger randomized controlled trials with exten- 
ded follow-up periods, as well as inclusion of histo-
logical evaluation of regenerated bone, as reported in 
recent studies on OCP composites and growth factor-
releasing biomaterials [9–13; 15].

CONCLUSION
Based on clinical and radiological assessments, 

socket augmentation using a synthetic osteoplastic 
material based on octacalcium phosphate granules 
demonstrated a statistically significant advantage over 
spontaneous healing under a blood clot in terms of 
preservation and restoration of alveolar bone volume.

The material promotes a stable increase in alveolar 
ridge height, as confirmed by CBCT findings at 6 months 
postoperatively.

The use of an octacalcium phosphate-based osteo-
plastic material enriched with vascular endothelial growth 
factor (VEGF) optimizes conditions for subsequent im-
plant rehabilitation and, in selected cases, may eliminate 
the need for additional bone augmentation procedures.
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