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ABSTRACT

Numerous publications have addressed gingival and bone augmentation involving both the alveolar processes of the jaws and
the floor of the maxillary sinuses. In some cases, patients require not only dental restoration but also complex reconstruction
of facial skeletal regions damaged by trauma, radiation exposure, cancer surgery, and other factors. Dental implantation is an
essential component in the correction of extensive defects not only of the jaws but also of the paranasal sinuses. Additionally,
various techniques have been described for covering the outer part of dental implants immediately after insertion to enhance
integration. At the same time, certain disagreements remain regarding gingival manipulation during dental implantation and
preparatory procedures. Some sources recommend covering implants with a flap of autologous soft tissue, whereas others
support flapless approaches. Reports also differ on the source of soft tissue used for coverage: ranging from autologous grafts
to allogeneic transplants, such as porcine-derived monolayer collagen matrices. There is no consensus on the optimal bone
augmentation method for implant placement. Morphological data on the processes of lysis, replacement, or consolidation of
autologous bone fragments that are placed into or left within tissues damaged during preparation and implantation are clearly
insufficient, and existing publications lack detailed descriptions of these processes. All of this indicates that none of the chal-
lenges in dental implantation have been definitively resolved, including the need for a step-by-step understanding of the patho-
morphological processes involved in bone graft consolidation or resorption.
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AHHOTALMA

WMeeTcs MHoXecTBO NybnmKaumii 06 ayrMeHTaLmUy (MNacTuke) AeCHbI M KOCTHBIX TKaHEeM KaK asibBEOsISPHbIX OTPOCTKOB Yeslio-
CTeW, TaK W 1Ha BEPXHEYENIOCTHBIX MasyX. B HEKOTOPbIX C/ly4asx NALMEHTbI HYXAAIOTCA He TONbKO B BOCCTAHOBNEHUM 3Y6HBIX
psanoB. CywiecTByeT npobiemMa KOMN/IEKCHON PEKOHCTPYKLMM OTAE/bHbIX YacTeli IMLEBOrO CKeNeTa, NOBPEXKAEHHbIX NpY TpaB-
MaXx, Jly4eBbIX BO3ZEMCTBUSAX, ONepaLmax Npy OHKONAToNorvm U T. N. [leHTanbHas MMNNaHTaLmMs ABNAETCA He0BX0AUMBIM KOM-
MOHEHTOM NPV KOPPEKLMM 3HAUMTENbHBIX Ae(EKTOB He TONbKO YENKOCTEM, HO M NMPUAATOYHBIX Nasyx. KpoMe Toro, ectb onucaxme
PasfIM4HbIX COCOOOB 3aKPbITUS HAPYXKHO YacTH AEHTabHbIX UMNAHTATOB AN1S YyYLLEHUS MHTErpaLuv HemocpeacTBEHHO
nocnie UX BHeAPEeHUs B KOCTb. BMecTe ¢ 3TUM UMetoTcs onpefenéHHble Pa3HOrIacksl OTHOCUTENIbHO MaHUNYNALMIA C [eCHOM
MpW AeHTaNbHO! MMMNTaHTaLMK U NOATOTOBUTENbHBIX NpoLieaypax. [pUBOAATCA Kak peKoMeHAaLMM 3aKpbiBaTb BHEAPEHHbIE 13-
[LeNNs NIOCKYTOM COBCTBEHHbIX MAMKMX TKaHEM, TaK U MHEHMe, YTO MMMN/IaHTaLMA MOXKET ObiTb OCYLLeCTBNeHa 6e3 nockyTa. Takke
PasHOpOAHbI CO06LLEHNA 06 MCTOYHMKE MAMKUX TKaHEeW 1S 3aKpbITUA UMMaHTaTa: OT ayToNOrUyYHbIX TKaHeit 40 anioreHHom
TPaHCN/aHTaLMK, HanpuUMep, UCMO/b30BaHUe MOHOCIIOHOTO KOMIareHOBOr0 MaTpuKca CBUHLW. HeT eiHOT0 MHEHMS 0 caMoM
ONTUMa/IbHOM METO/e HapaLLMBaHUS KOCTHBIX TKaHel A1f YCTaHOBKM MMN/aHTaToB. fIBHO HeaoCTaTouHbl Mopdonoruyeckme
CBE/IeHMSA 0 NMpoLieccax JM3nca, 3aMeLLEeHUs WM KOHCONMAALMM hparMeHTOB ayToreHHOM KOCTU MpY NOMELLEHWM UX UM 0CTaB-
NIEHUN B TKaHAX, NOBPEKAEHHBIX NPY MOLATOTOBKE W B X0fie CaMoii NpoLeaypbl UMMNaHTaLMK, CTaTbu He CoAepIKaT noapobHoro
onMcaHKA 3Toro npoecca. Beé BbiluensnoxeHHoe CBUAETENbCTBYET, YT HY 0AHa NpobeMa eHTabHOI MMNIaHTaLMK OKOHYa-
TE/IbHO He PeLUeHa, B TOM YUCIIe HET NOLLAroBOro NPeACTaBeHns NatoMophonorieckux NpoLECcoB KOHCONMAALMM UM NU3uca
KOCTHbIX TPaHCMaHTaToB.

KntoueBble cnoBa: AeHTaNbHasA MMMNAHTALMS; TPaHCN1IaHTaUNA KOCTK; ayrMeHTaunA AeCHbl; N1aCTUKA JHA BEPXHEYETHOCTHbIX
nasyx; ayrMeHTauua 4encTn.
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BACKGROUND

The use of dental implants has grown significantly in contem-
porary dentistry. Implants are employed in treating both com-
pletely and partially edentulous patients. Key factors influen-
cing the success of implantation include anatomical conditions,
the patient’s overall health, the clinician’s expertise, and the
chosen surgical technique. Achieving optimal outcomes re-
quires effective interdisciplinary collaboration, involving peri-
odontists, prosthodontists, and maxillofacial surgeons [1].

Replacing missing teeth presents ongoing challenges for
implant surgeons due to factors such as bone volume and
quality, the anatomy of the posterior maxillary sinus, and li-
mited surgical access. Frequently, the available hard and soft
tissue at the beginning of treatment is inadequate. A range of
implantation techniques is now available, each with distinct
advantages and limitations. A clear understanding of these
methods, along with thorough diagnosis and careful case se-
lection, is essential to ensure appropriate treatment for each
patient. Several surgical approaches, such as bone augmen-
tation and sinus floor elevation, are commonly used in pa-
tients with hard and soft tissue deficiencies [2]. Additionally,
selecting the appropriate implant material is crucial, parti-
cularly when using prosthetic bars, and must be guided by
a careful assessment of relevant indications and contraindi-
cations [3-5].

This paper presents a review of studies focused on the
morphological assessment of bone graft consolidation and
resorption in the context of dental implantation. A search of
the PubMed database was conducted using the keyword com-
binations dental + implant + own + bone, dental + implanta-
tion + bone + fragments, and lysis + bone + fragments, cove-
ring the period from 2015 to 2024. A total of 129 publications
were identified during this time frame. Studies that addressed
the mechanisms of bone fragment degradation or integration
into surrounding tissues were selected for inclusion. In addi-
tion, foundational earlier works were consulted, resulting in
a total of 35 studies being included in the review.

SOFT TISSUE AUGMENTATION DURING
DENTAL IMPLANTATION

There are two commonly used techniques for placing dental
implants. The conventional method involves elevating a mu-
coperiosteal flap, while the alternative, flapless approach
does not include flap elevation. Each technique has specific
advantages and disadvantages [6].

Kumar et al. [6] investigated tissue changes surrounding
endosseous implants placed using either the flap or flapless
method. After 12 months, the average peri-implant probing
depth was lower in the flapless group compared to the flap
group. Both techniques showed a significant reduction in bone
height around the implants during the follow-up period; how-
ever, the decrease was less marked in the flapless group. The
study concluded that flapless implant placement resulted in
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a significantly lower peri-implant probing depth and bone loss
than flap surgery. Nonetheless, the clinical relevance of these
differences remains unclear.

Zafiropoulos and John [7] assessed the effectiveness of
using a monolayer porcine collagen matrix as an alterna-
tive to autologous connective tissue for soft tissue augmen-
tation in conjunction with immediate implant placement. A
total of 27 implants were placed immediately in 27 patients,
with soft tissue augmentation performed simultaneously
using the porcine collagen matrix. The patients were random-
ly assigned to two groups. In group 1, an envelope flap was
created, leaving the coronal portion of the matrix exposed.
In group 2, a coronal flap was raised, fully covering the ma-
trix with mucosa. After 6 months, both groups, as well as
the overall patient group, showed significant soft tissue hy-
pertrophy. The reduction in the volume of the grafted matrix
was also similar in both groups. The use of a monolayer por-
cine collagen matrix increases soft tissue thickness around
implants regardless of the flap design and may be consid-
ered a substitute for autologous grafts. In a study involving
12 adult beagle dogs, implants were placed immediately af-
ter tooth extraction along with guided bone regeneration. Af-
ter 25-45 weeks, the animals were randomly assigned to re-
ceive soft tissue augmentation using either a stable-volume
collagen matrix or a subepithelial connective tissue autograft.
A control group consisted of sham-operated animals. Impres-
sions were taken before and after augmentation, as well as at
4, 8, and 24 weeks postoperatively. Both the collagen matrix
and the connective tissue autografts resulted in an increase
in alveolar tissue volume following surgery. However, by the
end of the observation period, bone volume had returned to
near-baseline levels across all three groups. In both treat-
ment groups, the increase in tissue volume at the apex of the
alveolar ridge was inconsistent during follow-up.

There is still a lack of consensus regarding gingival handling
during dental implantation and related preparatory procedures.
Some studies recommend covering implants with an autolo-
gous soft tissue flap, while others favor flapless techniques.
There is also variation in the reported sources of soft tissue
used for coverage, ranging from autologous grafts to alloge-
neic materials such as monolayer porcine collagen matrices.

BONE AUGMENTATION GRAFTING

During the healing process following bone grafting, grafted
bone fragments are partially resorbed and replaced by autol-
ogous tissue [9]. Although autografts (autologous bone) pos-
sess strong osteogenic, osteoinductive, and osteoconduc-
tive properties, their clinical use is limited by the potential
for perioperative and postoperative complications, including
pathological conditions at the donor site and the restricted
availability of graft material. Allogeneic bone, used as an al-
ternative, has shown good effectiveness in promoting healing
without the risk of donor site complications. Demineralized
bone matrix has proven to be a useful supplement to bone
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healing, either as an extender or enhancer when used with
allografts. The choice of bone grafting technique may depend
on the extent of pathological condition, the clinical experience
and preferences of the orthopedic surgeon, and the severity
of donor site involvement [10].

Li et al. [11] and Um et al. [12] explored the development
and clinical application of demineralized dentin matrix scaf-
folds derived from patients’ extracted teeth for use in den-
tal implantation. This autologous demineralized dentin matrix
exhibits both osteoinductive and osteoconductive properties,
along with favorable safety and efficacy, making it a viable al-
ternative to conventional bone grafts.

Li et al. [11] assessed the clinical efficacy of autologous
demineralized dentin matrix compared to Bio-Oss granules in
the periodontal region after tooth extraction, in the context of
guided bone regeneration combined with immediate implant
placement. The study involved 40 patients (45 implants), ran-
domly assigned to receive either the autologous dentin ma-
trix from extracted teeth or Bio-Oss granules, both with im-
mediate implant placement. After 1 year of implant loading,
there were no significant differences between the groups in
terms of implant stability quotient or marginal bone resorp-
tion. Autologous dentin matrix granules represent an effective
and readily available alternative to bone grafts in guided bone
regeneration, including for patients with advanced periodon-
tal disease. Other studies have also confirmed the strong re-
generative potential of tooth-derived materials [13].

Sapoznikov et al. [14] compared the clinical efficacy of vo-
ry Dentin Graft™, composed of porcine dentin particles, with
that of commerecially available porcine bone grafts for bone
regeneration following tooth extraction, with alveolar ridge
preservation and titanium implant placement after 4 months.
The dentin graft led to a significant increase in the volume of
newly formed bone, improved integration of the graft materi-
al, and higher average bone density at the surgical site. Tita-
nium implants were successfully placed in 95% of patients in
the dentin graft group, compared to 81.25% in the bone graft
group. Both graft materials showed similar clinical safety and
tolerability, based on the incidence of side effects and local re-
actions. Dentin-based materials of animal origin may serve as
a broader substitute for autologous dentin in clinical practice.

The predictability of procedures to correct remodeling and
bone resorption in extraction sockets with severely resorbed
edges due to periodontal disease is currently unclear. In a pa-
tient with severe periodontal disease, the maxillary right la-
teral and central incisors were extracted. The area around
the central incisor showed complete buccal bone loss and
a 9-mm vertical bone deficiency from the palatal side. The
extraction sockets were filled with a collagen sponge and
covered with a nonresorbable high-density polytetrafluoro-
ethylene membrane. While primary closure was not achieved,
no rigid scaffolding material was used. Twelve months later,
cone beam computed tomography showed sufficient bone vo-
lume for the placement of two standard dental implants along
with horizontal bone augmentation [15].
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Jones [2] used a palatine bone plate to reconstruct a de-
ficient alveolar ridge (lack of the buccal wall) in the maxillary
central incisor area after the extraction of an ankylosed tooth.
An implant was placed 3 months later, along with soft tissue
augmentation using a connective tissue graft. The dental res-
toration was successful, with a satisfactory esthetic outcome.
The short healing time and excellent tissue quality were par-
ticularly notable.

Preoperative physical, clinical, and imaging assessments
of a 23-year-old patient revealed slight mobility of the ma-
xillary central incisor (tooth No. 8) due to severe cervical re-
sorption. The treatment included atraumatic tooth extraction,
followed by immediate implant placement and temporization.
Due to a very thin maxillary bone plate caused by a thin gin-
gival biotype, two grafts (bovine bone and connective tissue)
were used. The extracted crown was utilized for immediate
implant placement, resulting in a favorable long-term esthetic
outcome. Anterior tooth extractions typically require the cre-
ation of monolithic dentures made from synthetic materials,
which may not always achieve the expected esthetic or func-
tional results [16].

Covering the implant surface with a full-thickness flap in
patients with peri-implant defects or fenestration was found
to be significantly less effective than using a combination of
resorbable membranes and bone grafts. Treatment using both
graft and membrane/periosteum showed slightly better re-
sults compared to graft or membrane treatment alone. Al-
logeneic grafts proved to be more effective than autologous
bone tissue. A combination of nonresorbable membrane and
autologous periosteum resulted in a greater increase in buc-
cal bone thickness than a combination of resorbable materi-
al and bone graft.

Osteotensors® bone matrix activates autologous multipo-
tent stromal cells (MSCs) through targeted flapless bone dis-
traction before implant placement and/or bone grafting, stim-
ulating new bone formation. Maxillary and mandibular bones
were activated for 21 days (type | bone) to 45 days (type IV
bone) before implant placement and/or bone grafting. After
new bone formation, tapered and disk implants were placed.
Three years later, all implants showed successful clinical and
radiological osseointegration, with excellent functional and
esthetic outcomes. Flapless distraction osteogenesis with Os-
teotensors, performed for several weeks before surgery, en-
hances the quality and volume of the implant bed [18].

The rate and extent of dental implant osseointegra-
tion were compared between autologous cortico-cancellous
bone grafts and freeze-dried cancellous bone grafts. The ili-
ac bone was used as the model site. Forty-five implants were
placed in 15 dogs and removed after 1, 2, and 3 months. After
1 month, there was no significant difference in osseointegra-
tion between the two bone grafts. After 2 months, autolo-
gous cortico-cancellous bone grafts showed significantly bet-
ter osseointegration compared to freeze-dried grafts. After 3
months, the osseointegration in the two groups was 70% and
33%, respectively [19].
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Alveolar ridge reconstruction during dental implant prepa-
ration can be done using autologous bone grafts, such as den-
tin or autologous demineralized dentin matrix from extracted
teeth, allogeneic materials like allogeneic dentin, or poly-
mers such as Teflon. Some researchers recommend auto-
grafting, while others prefer allogeneic materials or synthetic
grafts. There is no consensus on the most effective method for
alveolar bone augmentation during implant placement.

Maxillary sinus floor elevation

Sinus issues often arise when placing dental implants in the
lateral regions of the maxilla, particularly after early tooth
loss. In cases of severe atrophy of the posterior maxilla, ver-
tical sinus floor augmentation may be required for success-
ful implant placement. Grafting techniques aimed at reducing
the volume of these pneumatic cavities focus on restoring the
necessary viable bone volume at the sinus floor using various
bone substitutes. The wide variety of commercially available
bone substitute biomaterials reflects significant advance-
ments in this area of implantology. Autologous bone, espe-
cially in combination with calcium- and phosphorus-based
materials, remains the most effective all-purpose biomate-
rial. Synthetic biomaterials have specific uses based on their
stability (non-resorbable) or resorption (resorbable), as well
as their metabolic adsorption rate. Bone materials from tis-
sue banks, treated by different methods, behave similarly to
autologous bone, provided they are free from contamination
and immunologically compatible [20, 21].

Autologous bone is typically the most reliable material for
augmentation and precise implant placement in the atrophic
posterior maxilla, despite a 40% resorption rate, due to its
high osteoconductivity and reduced risk of endosseous mig-
ration along the sinus floor. Incorporating animal-derived mi-
nerals into autologous bone can enhance grafting success, as
allogeneic materials serve as slowly resorbing fillers. Porous
hydroxyapatite can also be combined with autologous bone to
improve bone tissue formation and bone-to-implant contact
in enlarged sinuses. Morphological assessments suggest that
demineralized freeze-dried bone is less effective than other
materials. Histological findings indicate that the biomaterial
used for augmentation does not impact the early stages of
implant osseointegration [22].

A total of 82 maxillary sinus floor elevation procedures
were performed in 63 patients. In 39 cases, iliac crest au-
tografts or osteoinductive allogeneic bone powders were
used for augmentation, including autolyzed antigen-extract-
ed allogeneic bone, demineralized freeze-dried bone allograft,
and/or Grafton (demineralized bone matrix gel) in 43 cas-
es. X-ray examination approximately 4—6 months after im-
plant placement revealed bone formation equivalent to that
seen with osteoinductive allogeneic bone grafts. Histological
analysis showed that the osteoinductive materials had ful-
ly transformed into autologous bone tissue. Both histologi-
cal and X-ray findings indicated no significant differences in
bone quality between the two augmentation materials. Four
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of 67 implants placed with bone autografts and 2 of 74 den-
tal implants placed with allogeneic materials failed to achieve
osseointegration. The average duration of postoperative dis-
comfort was 19+9 days for patients with bone autografts and
345 days for those with allogeneic materials. Osteoinductive
bone grafts are preferred over iliac crest autografts in maxil-
lary sinus augmentation [23].

Patients with missing posterior teeth and a maxillary si-
nus floor bone height of 4-10 mm underwent internal sinus
floor elevation using autologous bone mixed with B-tricalcium
phosphate ceramics, followed by immediate implant place-
ment. Permanent crowns were placed 4—6 months later. A to-
tal of 21 implants were placed in 16 patients, with an average
bone tissue gain of 4.2 mm (ranging from 2 to 6 mm). All im-
plants were loaded for 32 months, maintaining good stability
and osseointegration [24].

Bone tissue quality was assessed during maxillary sinus
augmentation using autologous bone alone or combined with
platelet-rich plasma (PRP). In group 1, five patients under-
went sinus augmentation with autologous bone and implant
placement after 6 months. In group 2, 10 patients received si-
nus augmentation with autologous bone mixed with PRP from
autologous blood, with implant placement after either 4 or
6 months (5 patients in each group). Group 1 showed signifi-
cantly better average bone density at the time of implantation
and 3 months later. However, 6 months after implant place-
ment, group 2 exhibited the highest average bone density [25].

Patients in group A underwent internal sinus floor eleva-
tion and implant placement without a bone graft. In group B,
conventional internal sinus floor elevation was performed
using bovine bone particles, followed by implant placement.
Six months after surgery, group A exhibited greater biome-
chanical stability of the implants compared to group B. How-
ever, group B had a significantly higher bone volume. Internal
sinus floor elevation without a bone graft encourages bone
formation due to the osteogenic potential of the sinus lining.
The quality of newly formed bone is crucial for successful im-
plant placement, and the neoformed bone quality was signifi-
cantly better in group A, where no exogenous bone graft was
used [26].

StemVie™ resorbable posts, made of hydroxyapatite and
B-tricalcium phosphate, are a modification of the sinus floor
elevation technique. This method can increase bone height
by 4-10 mm in severely atrophic alveolar ridges, especial-
ly when the lateral approach is challenging. The procedure is
minimally invasive, simple, and predictable, with less post-
operative pain due to a smaller flap and minimal osteoto-
my. If sufficient alveolar bone volume is present for stabi-
lization, implants can be placed at the same time as sinus
floor elevation and grafting. StemVie posts are fully resorbed
and replaced by autologous bone. Adding bone marrow as-
pirate and/or peripheral venous blood to the StemVie posts
can accelerate healing. The graft absorbs blood or bone mar-
row through its pores. Bone marrow aspirate enhances heal-
ing by providing osteoblast precursors, cytokines, and growth
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factors, while peripheral blood mainly offers cytokines and
growth factors [27].

Various techniques can be employed to increase the thick-
ness of the sinus floor, often yielding positive results. The
quality of newly formed bone is critical for the success of im-
plant placement. In addition to autologous bone grafts, al-
lografts (such as demineralized freeze-dried bone) and os-
teoinductive materials, which are fully resorbed and replaced
by autologous bone, can also be used. Several studies have
examined the pros and cons of different methods. Some re-
searchers recommend using osteoinductive materials instead
of autologous bone, noting that bone materials obtained from
tissue banks and processed in various ways behave similarly
to autologous bone. Others contend that demineralized freeze-
dried bone is less effective than other materials. Moreover,
some studies suggest that sinus floor elevation, which sti-
mulates the osteogenic potential of autologous tissue without
using a graft, may be more effective than grafting approaches.

BONE TISSUE LYSIS AND REMODELING
DURING DENTAL IMPLANTATION

Screw implants were placed into the proximal condyles of
tibias in outbred rabbits. Bone damage caused during implant
preparation and placement led to the formation of detritus, in-
cluding bone chips, which were pressed into the surrounding
bone structures. Three days after implant placement, signi-
ficant amounts of bone detritus (non-viable bone fragments
of various sizes and shapes) were observed between the im-
plants and the intact bone. By Day 7, some viable bone frag-
ments had consolidated into bone rods, while necrotic bone
fragments were being lysed in other areas. By Day 10, almost
all the debris had either been lysed (except for very large bone
fragments) or incorporated into the newly forming bone tis-
sue. The prolonged presence of debris at the implant site,
causing extended inflammation and delayed tissue regene-
ration, may negatively affect implant survival [28, 29].

On Day 3 after surgery, non-viable bone fragments and
chips resulting from the drilling process for screw implant
placement were found in the soft tissues on the surface of
the proximal condyle of the tibia, adjacent to the metal im-
plant in all animals. Larger bone particles were either sur-
rounded and infiltrated by macrophages at the edges or bro-
ken down into smaller fragments by phagocytes. The smaller
fragments had already been fully infiltrated and destroyed by
multinucleated macrophages through cytoplasmic fusion. Af-
ter 7 days, necrotic bone fragments of up to 300 ym in diam-
eter, in various stages of destruction, were observed. Some
bone particles were surrounded by concentric layers of newly
formed connective tissue and infiltrated by leukocytes, while
in other areas, bone destruction occurred through the forma-
tion of multinucleated macrophages with cytoplasmic fusion.
By Day 10, the bone fragments were nearly completely lysed.
Thus, bone detritus gradually disappears from the surround-
ing tissues following implant placement [28].
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Histological changes in the alveolar bone tissue were ob-
served in all 21 cases of apical infection when the alveolar
tissue remained attached to a tooth. The pathomorphological
findings included an altered trabecular structure, increased
osteoclast activity, and scalloped bone areas within the thick-
ened attached periodontal ligament [30].

A randomized, double-blind, placebo-controlled clini-
cal study compared the effects of oral vitamin D3 (5,000 IU)
with calcium (600 mg) versus a calcium-containing place-
bo on bone formation and remodeling following maxillary si-
nus wall augmentation. Bone samples for histological ana-
lysis were collected during implant placement (6—8 months
later). Vitamin D3 and calcium significantly increased serum
25-hydroxyvitamin D levels. However, no significant differenc-
es were found in bone formation or graft resorption between
the groups. The group receiving vitamin D3 showed a signifi-
cant positive correlation between higher vitamin D3 levels and
increased osteoclast counts around the graft particles, sug-
gesting that elevated serum vitamin D3 levels may promote
local bone remodeling [9].

Macrophages are among the first immune cells to migrate
after dental implant placement, exhibiting various pheno-
types, ranging from classically activated (M1) to alternative-
ly activated (M2). Bone remodeling following dental implant
placement (as studied in rats) resembles a typical response
to tissue damage, such as tooth extraction, but with delayed
bone regeneration phases. Macrophage activation in both
groups shifted from a predominant M1 phenotype to a pre-
dominant M2 phenotype, though M1 macrophages persisted.
Further in vitro studies showed that M1 macrophages regulat-
ed osteoclast activity, acted as their precursors, and recruited
bone marrow MSCs. In contrast, M2 macrophages promoted
osteogenesis during the later stage due to their ability to pro-
duce and release osteogenic proteins. However, osteogenic
MSC differentiation was inhibited in high-concentration me-
dia after cultivating each macrophage phenotype, suggesting
that immune response strategies are regulated to some ex-
tent. Bone remodeling requires the coordinated involvement
of both M1 and M2 macrophages [31].

POSSIBLE FATAL COMPLICATIONS
OF DENTAL IMPLANTATION

Pulmonary embolism, although typically caused by venous
thrombosis, has been reported in the context of total joint
replacement surgery [32, 33]. There have also been isolated
instances of pulmonary embolism caused by bone marrow
structures, including both hematopoietic and yellow marrow
[34]. A study by Maiborodin et al. [35] investigated the hearts
and lungs of rabbits at various time points following titanium
dental implant placement into the proximal condyles of the
tibia. This study found that after implant placement, or any
manipulation of bone structures, fibrin, detritus, and even red
marrow structures could enter the right heart chambers, as
evidenced by the presence of blood clots and various blast
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forms of hematopoietic cells. These thrombi and emboli then
travel through the heart and into the lungs, potentially causing
arterial occlusion. Moreover, detritus transfer from the surgi-
cal site may contribute to thrombogenesis in the right atrium
and ventricle, as well as in the pulmonary arteries.

Thus, it is important to implement measures that prevent
debris from entering the circulation and the potential develop-
ment of pulmonary embolism during any bone tissue implan-
tation, including those involving small implants.

CONCLUSION

Dental implantation plays a crucial role in correcting signifi-
cant defects not only in the jaws but also in the paranasal si-
nuses. Additionally, various techniques have been proposed
for covering the exterior of dental implants immediately af-
ter insertion to improve integration. However, the literature
on implantology often presents conflicting and contradictory
views. There are still disagreements regarding gingival ma-
nipulation during dental implantation and preparatory proce-
dures. Some studies suggest covering implants with a flap
of autologous soft tissue, while others advocate for flapless
techniques. Reports also vary on the source of soft tissue
used for coverage, ranging from autologous grafts to alloge-
neic transplants, such as porcine-derived monolayer collagen
matrices. Autologous bone grafts can be utilized for alveo-
lar ridge reconstruction and maxillary sinus floor augmenta-
tion when preparing for dental implant placement. In addition
to autologous bone grafts, allografts and osteoinductive ma-
terials can be used, which behave similarly to autologous tis-
sues. Some sources suggest that sinus floor elevation with
stimulation of autologous tissue osteogenic potential, with-
out bone grafting, may be more effective than various graft-
ing methods. Therefore, there is no agreement on the optimal
bone augmentation technique for implant placement. Mor-
phological data on the processes of lysis, replacement, or
consolidation of autologous bone fragments placed into or left
within damaged tissues during preparation and implantation
are insufficient. It is important to note that after augmentation
using bone grafts, the bone fragments are partially resorbed
and replaced with autologous bone, although this process is
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