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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 42 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 subsequentimplant treatment
and reduces the need for additional bone grafting procedures.

Keywords: osteoplastic material, socket augmentation, octacalcium phosphate, dental implantation, cone-
beam computed tomography, VEGF
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PesioMe

BBEOEHUVE. B coBpeMeHHOW XMpypruieckoii CToMaTonorum npoaoixaetTcs nonck Hambonee appekTums-
HbIX KOCTHO3aMeLLLaLWKMX MaTepmanos, obecneynsanLmx NpeackasdyemMyo pereHepaumnio Koct B o6nactu
aNbBEONSPHOr0 OTPOCTKA U aNbBEOASPHOM YaCTN YeNoCTEN. B 9TOM KOHTEKCTE OTE4YECTBEHHbI OCTeoNnna-
cTuyeckmn matepuan «fmcrtorpadT» Ha OCHOBE rpaHyn okTakanbumesoro ¢pocdarta, NnpeaHasHa4YEeHHbIN AN
ayrMeHTauuu NyHkKu yaaneHHoro 3yba, npeactaBnseT 3Ha4YnTeNbHbI MHTepec 6naroaaps UCMnosib30BaHUIO
HYKJTIEMHOBBIX KMC/IOT B KQYECTBE MOJIEKYSAPHBLIX TPUITEPOB penapaTmuBHbIX nNpoueccoB. OCHOBHbIM Npea-
rnosaraeMblM MexaHM3MOM OeNCTBUS ABNSAETCHA CTUMYNALNS SKcnpeccun ¢akTopoB pocTa, Cpean KOTopbIX
KJIlO4EBYIO POSib UrpaeT pakTop pocta aHpoTenus cocynos (VEGF, Vascular Endothelial Growth Factor).
LLEJIb. OueHnTb COCTOSAHME KOCTHOM TKaHM NOCie ayrMeHTauum NyHKM OCTEeOoNnIacTUYecknmMm Mmatepmanom
Ha OCHOBE rpaHysn okTakanbumesoro pocdara no gaHHbIM KOHYCHO-Ty4EBO KOMMbIOTEPHOM TOMOrpadun.
MATEPUAJIbI N METO/bI. B nccnepoBaHue BkoyeHsbl 15 naumeHToB B Bo3pacTe oT 18 oo 45 net ¢ ana-
rHo30oM no MKB-10 K04.5 «XXpoHn4eckuii nepmoaoHTUT» 63 TSXXEbIX CONMYTCTBYIOLLMX U XPOHUYECKNX 3a60-
nesaHuin. MaumeHTbl bV paHAOMU3MPOBAHLI HAa ABe rpynnbl. B nepBoit rpynne (8 nauneHToB) nocne yna-
neHuns 3yb6a NpoBOAVN ayrMEHTALNIO TYHKM CUHTETUYECKUM OCTEOMIaCTUYECKMM MaTePMaioM Ha OCHOBE
rpaHyn okTakanbumesoro ¢docdara. Bo BTopon rpynne (7 naunMeHToB) ayrMeHTaLMIO HE BbIMOMHANN, 3aXNB-
JIeHne npoTekasno Nof KPOBAHbIM CrycTKOM. OUEeHKY COCTOSHUSA KOCTHOW TKaHW OCYLLECTBASAN MO AaHHLIM
KOMMbIOTEPHOM TOMOrpadunn 0o onepaumm n yepes 6 MecsiLes Nocse BMeLlaTenscTea. CTtaTucTnyeckyto 06-
paboTKy AaHHbIX MPOBOANIN C UCMOJSIb30BaHNEM NakeTa Statistica 6.0, cTaTMCTMYECKM 3HAYUMBIMU CHUTAN
pasnuynsa npun p < 0,05.

PE3YJIbTATDI. Y naumeHToB NepBoii rpynnel No gaHHbiM KJIKT yepes 6 MecsaLeB Nocne onepauum oTMmevanm
BbIPAXXEHHYIO MONIOXUTENbHYIO ANHAMMKA C NPM3HaKaMn MUHepann3aumn n HTerpauumn rpaHyn oktTakasnb-
umeBoro gocdara B OKPYXaloLLLYO KOCTHYIO TkaHb. CpeaHsas BbiIcOTa KOCTHOM TKaHu B 30He aedekTa yBe-
nnumeanacek ¢ 13,4 mm 1o 16,5 MM, LWIMpKHA anbBeONSPHOro rpebHs ocTaBanacbk CTabubHOM (0KO0 5 MMm).
Bo BTOpOW rpynne oTMeyanu ybblfib BbICOTbI afbBEONSPHOIro rpebHs B cpegHeEM Ha 4+ 2 MM: BbICOTa YMEHb-
wanack ¢ 8,0 mm o 6,4 mm, wnpuHa — ¢ 4,0 mm go 3,3 mm. CTaTUCTUYECKMIA aHANNS BbISIBU JOCTOBEPHbIE
pasnuunsa mexay rpynnamm (p < 0,05).

SAKJTIOHEHME. MprMeHeHne CMHTETUYECKOro OCTEONIaCTUYECKOro MaTtepmana Ha OCHOBE rpaHyn OkTa-
KanbumeBoro gpocdata npu ayrMeHTaunm NyHKn yaaneHHoro 3yba no3BonseT chopMmMpoBaThb 4OCTATOUHbIN
006bEeM 1 BbICOTY KOCTHOM TKaHM AN NOCNeayoLLero UMNAaHTON0rMYECKOro Ie4eHUs U YMEHbLLINTb He0OX0-
OMMOCTb JOMONIHNTENbHbBIX KOCTHOMIACTUYECKNX BMELLATENBLCTB.

KnwoueBble cnoBa: 0OCTEONIACTMYECKMIA MaTepuan, ayrMeHTaums nyHku 3yba, okTakanbumeBbli docodar,
AeHTanbHaa MMNaaHTaums, KOHYCHO-y4eBas KomnbtoTepHas Tomorpadusa, VEGF

UHdopmauuma o ctaTbe: noctynuna — 29.03.2026; ncnpasneHa — 03.05.2026; npuHata — 20.05.2026
KoHGAUKT uHTepecoB: ABTOPLI CO0OLLa0T 06 OTCYTCTBUN KOHMIMKTA UHTEPECOB.
BnarogapHocTtu: ®rHaHCcHpoBaHMeE U MHAMBMOYabHbIE 6n1arog4apHOCTU ANS AeKIapMpPOBaHUs OTCYTCTBYIOT.

Ana umTupoBanma: TapaceHko C.B., ibsykoBa E.1O., lop N.A., Conowenkos N.M1., KazapaH A.A., 306a [.A.,
MpecHsikos E.B. OueHka apDeKTUBHOCTM NPUMEHEHNS MaTeEPMAioB HA OCHOBE OKTakanbumeroro docoa-
Ta Npu ayrMeHTauuun NyHKU yaaneHHoro 3yba no AaHHbIM ly4eBbIX METOO0B UCCNenoBaHnsa. OHA0AO0HTUS
Today. 2026;24(2):437-444. https://doi.org/10.36377/ET-0207

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
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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
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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 B-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.
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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. 1. Patient M (Group 1) diagnosed with chronic apical  Fig. 3. Patient K (Group 2) diagnosed with chronic apical

periodontitis of tooth 3.6 periodontitis of tooth 3.6
Puc. 1. MNMauyuneHTt M (rpynna 1), anarHos — xpoHnyeckmnn ~ Puc. 3. MauyueHT K (rpynna 2), AnarHo3 — XpOHUYeCKuin
nepuoaoHTUT 3yba 3.6 nepuoaoHTUT 3yba 3.6

PaX-i3D Smart - Auto Pano
PaX-i3D Smart - Auto Pano

)

Fig. 2. Patient M (Group 1) after extraction of tooth 3.6 ~ Fig. 4. Patient K (Group 2) after extraction of tooth 3.6

with subsequent socket augmentation procedure without subsequent socket augmentation

Puc. 2. MNaumeHT M (rpynna 1): npoBeaeHo yaaneHme Puc. 4. MNauymneHT K (rpynna 2): npoBeaeHo yganeHne
3yba 3.6 c nocnenyoLleii onepaumein ayrmeHTaumnm 3yba 3.6 6e3 nocneayoLlei onepaumm ayrmeHTaumnm
JIYHKM JIYHKM

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)

Puc. 5. NMauneHT M (rpynna 1): KJIKT-cHUMOK naumeHTa oo yaaneHus 3yba 1 onepaumm ayrmeHTaumm ayHKn
(kocTHaa TkaHb cocTtaBnseT 14,5 MM 40 HUXKHENYHOYKOBOIO HEPBA)
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Fig. 6. Patient M (Group 1): CBCT-scan of 6 months after socket augmentation
Puc. 6. NMaymeHt M (rpynna 1): KJIKT-cHMMOK cnycTs 6 MecsaLeB Nocne onepauum ayrMmeHTaumnmn JyHKn

Fig. 7. Patient K (Group 2): CBCT-scan of prior to tooth extraction without subsequent socket augmentation
Puc. 7. NMNaunenT K (rpynna 2): KJIKT-cHuMok 0o onepaumm yaaneHms 3yba 6e3 nocnenyioLlen ayrmetaumm

Fig. 8. Patient K (Group 2): CBCT-scan of 6 months after tooth extraction without socket augmentation
(healing occurred under a natural blood clot)

Puc. 8. NauymeHnT K (rpynna 2): KJIKT-cHuMoOK cnycTs 6 mecsiueB nocne yaaneHns, 6e3 NnpoBeaeHns onepauum
ayrMmeHTauunm (3axmnsneHne noa co6CTBEHHbIM CryCTKOM)
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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+1.2mm to
16.5x1.5 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-
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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.

Volume 24, no. 2/ 2026
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