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ABSTRACT

Bone regeneration is a complex biological process crucial for healing bone damage that involves a coordinated
sequence of cellular and molecular events, including inflammation, stem cell recruitment, proliferation, differentiation,
and matrix deposition. Various surgical techniques have been developed to help bone regeneration and restore tissue
damaged by infections, tooth loss, neoplasms, or local trauma. The use of xenografts and alloplastic bone substitutes takes
advantage of eliminating the restricted source and morbidity rate of the donor site of autologous and allogeneic grafts. In
vitro, studies could help to evaluate the effectiveness of these products and can help to test the biocompatibility and
biological characteristics of biomaterials. In this investigation, we studied if OsteoBiol, an animal-derived collagenated
bone matrix, can promote osteoblast differentiation of adipocyte stem cells cultured in vitro. The expression levels of
markers of bone differentiation were monitored at different time points by real-time Polymerase Chain Reaction. After
24 h of treatment, SPP1 was up-regulated, as were FOSL1, COL4A1l, and MMP14. After 4 days of treatment, FOSL1
and COL4A1 remained increased, and COL1A1 was up-regulated. OsteoBiol promotes the expression of several
important genes of osteoblast differentiation. Additional research could provide deeper insights into the underlying
mechanisms and enhance the practical application of these findings in clinical settings.
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INTRODUCTION

Bone regeneration is a complex biological process crucial for healing bone fractures, repairing defects, and
restoring bone tissue lost due to injury or disease. It involves a coordinated sequence of cellular and molecular events,
including inflammation, cell recruitment, proliferation, differentiation, and matrix deposition (1).

Immediately following the trauma, the injury site is rich in blood cells from ruptured vessels and bone marrow
cells, which could include both hemopoietic and adipose cells. Inflammatory cells release cytokines and growth factors
that stimulate the recruitment of mesenchymal stem cells (MSCs) to the injury site (2, 3). MSCs differentiate into
osteogenic cells, which synthesize and deposit new bone matrix, leading to callus formation and, eventually, bone
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remodeling. Osteoblasts and osteocytes originate from the periosteum, bone marrow, and endosteum, indicating that these
three tissues contribute simultaneously to bone repair (4).

Several strategies are employed to enhance bone regeneration, including autografts, allografts, bone
morphogenetic proteins (BMPs), growth factors, and tissue engineering techniques (5, 6). Autografts, harvested from the
patient's own bone, remain the gold standard due to their osteogenic potential and low risk of rejection (7). Allografts,
derived from cadaveric donors, provide an alternative but carry risks of immunogenicity and disease transmission. BMPs
and growth factors, such as BMP-2 and platelet-derived growth factor (PDGF), promote osteogenesis and angiogenesis,
accelerating bone healing (2). Tissue engineering approaches involve the use of scaffolds, cells, and sighaling molecules
to create biomimetic environments that facilitate bone regeneration (5).

Using xenograft bone substitutes represents a valuable and safe technique that takes advantage of availability,
avoiding the need for a donor site for autologous graft retrieving (7). The animal bone can be treated with different
techniques to provide a scaffold for new bone formation, which after transplant is gradually resorbed over time, allowing
for integration with host bone tissue (8, 9). OsteoBiol biomaterials consist of heterologous cancellous bone produced by
a process that avoids the ceramization of the hydroxyapatite crystals and preserves collagen. OsteoBiol is utilized in a
variety of dental and orthopedic surgeries for bone augmentation, ridge preservation, sinus lifting, and periodontal
regeneration procedures. It functions as a filling material for bone defects and contributes to the stability and success rates
of dental implants by promoting osseointegration (10).

Adipose-derived stem cells (ADSCs) represent a type of mesenchymal stem cell that can be harvested from
adipose tissue and possess the potential to differentiate into various cell types, including adipocytes, osteoblasts,
chondrocytes, and other mesodermal cells (11). As a result of their ability to be obtained through minimally invasive
methods, ADSCs have been recognized as a valuable resource in the fields of tissue engineering and regenerative
medicine (12, 13). In vitro, osteogenic differentiation can be simulated by supplementing the medium with ascorbic acid,
b-glycerophosphate, dexamethasone, 1,25 vitamin D3, and BMP2 (14, 15). ADSCs cultured in the presence of these
factors express genes that characterize osteoblast differentiation, including alkaline phosphatase, collagen type I,
osteopontin, osteonectin, and Runx2 (16).

In this investigation, ADSCs were cultured in vitro with OsteoBiol, a hard biomaterial from animal bone matrix
usually used in bone regeneration surgery, to verify if the biomaterial can promote stem cell differentiation toward
osteogenic lineage.

MATERIALS AND METHODS

Adipocyte Stem Cells (ADSCs) isolation

Adipose tissue was extracted from the buccal fat pad (also called Bichat's fat pad) during the intervention to close
oro-antral communication. It was digested for 1 h at 37°C in a solution containing 1 mg/ml collagenase type I and 1 mg/ml
dispase, then dissolved in phosphate-buffered saline (PBS) supplemented with 100 U/ml penicillin, 100 pg/mi
streptomycin, and 500 pg/ml clarithromycin. The solution was filtered using Falcon strainers with 70 um pores (Sigma
Aldrich, St Louis, Mo, U.S.A.) to separate mesenchymal stem cells. Stem cells were cultivated in a-MEM culture medium
(Sigma Aldrich, St Louis, Mo, U.S.A.) supplemented with 20% Fetal Bovine Serum (FBS), 100 uM 2P-ascorbic acid, 2
mM L-glutamine, 100 U/ml penicillin, and 100 pg/ml streptomycin (Sigma Aldrich, St Louis, Mo, U.S.A.). The culture
flasks were incubated at 37 °C and 5% CO, and the medium was changed twice per week.

ADSCs were characterized by immunofluorescence for the cytoskeletal component vimentin, positive
mesenchymal stem cell markers CD90 and CD73, and the negative marker CD34 as described in Sollazzo et al. (17).

Cell treatment

ADSCs were seeded at a concentration of 1.0 x 10° cells/ml with a mechanically fragmented OsteoBiol sp-block
(Tecnoss Dental SRL, Torino, Italy) at the concentration of 3 mg in 9 cm? (3 ml) wells in a DMEM culture medium
supplemented with 10% serum and antibiotics. Another set of wells containing untreated cells was used as a control. The
treatment was carried out at two time points: 24 h and 4 days.

The cells were maintained in a humidified atmosphere containing 5% CO- at 37°C. At the end of the treatment
period, the cells were lysed and processed for total RNA extraction.
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RNA isolation and gene expression quantification

Total RNA was isolated from the cells using RNeasy Mini Kit (Qiagen, Hilden, Germany) according to the
manufacturer’s instructions. The pure RNA was quantified using a NanoDrop 2000 spectrophotometer (Thermo Fisher
Scientific).

cDNA synthesis was performed starting from 500 ng of total RNA using the PrimeScript RT Master Mix (Takara
Bio Inc., Kusatsu, Japan). The reaction mixture was incubated at 37 °C for 15 min and inactivated by heating at 70°C for
10 s. cDNA was amplified by real-time quantitative PCR using an ABI PRISM 7500 (Applied Biosystems, Foster City,
CA, USA). All PCR reactions were performed in a 20 pL volume. Each reaction contained 10 pl of 2x gPCRBIO SYGreen
Mix Lo-ROX (PCR Biosystems, Ltd., London, UK), 400 nM of each primer, and cDNA.

Custom primers belonging to the “extracellular matrix, adhesion molecule” pathway, “osteoblast
differentiation,” and “inflammation” pathway were purchased from Sigma Aldrich. The selected genes grouped by
functional pathways are as follows: osteoblast differentiation [SPP1 (Osteopontin), SPARC (Osteonectin), RUNX2
(Runt-related transcription factor 2), ALP (Alkaline phosphatase), BGLAP (Osteocalcin), FOSL1 (FOS-like antigen 1),
SP7 (Osterix), ENG (Endoglin)], extracellular matrix, adhesion molecule [COL1A1 (Collagen type | alphal), COL4A1l
(Collagen type 1V alpha 1), MMP14 (Matrix Metallopeptidase 12), MMP15 (Matrix Metallopeptidase 15)], inflammation
[IL6 (Interleukin 6), IL6R (Interleukin 6 Receptor)] and RPL13 (Ribosomal protein L13) as reference gene.

All experiments were performed using non-template controls to exclude reagent contamination. PCR was
performed using two analytical replicates.

The amplification profile was initiated by incubation for 10 min at 95 °C, followed by a two-step amplification
for 15 s at 95 °C and 60 s at 60 °C for 40 cycles. In the final step, melt curve dissociation analysis was performed.

Statistical analysis

The relative gene expression was quantified with the delta/delta Ct calculation method (18), using the reference gene
RPL13 to normalize gene expression levels. The gene expression levels change of treated cells were calculated as fold-
changes relative to untreated cells; fold change was considered biologically relevant when the expression doubled, i.e.
fold changes > 2, or halved, i.e. fold changes < 0.5.

RESULTS
ADCSs were phenotypically characterized using immunofluorescence. Fig. 1a shows cytoskeletal filaments

stained with vimentin. The cell surfaces were positive for mesenchymal stem cell markers CD90 (Fig. 1b) and CD73 (Fig.
1c) and negative for markers of hematopoietic origin CD34 (Fig. 1d).

a b
¢ d

Fig. 1. DPCSs by indirect immunofluorescence (Rhodamine). Immunofluorescence staining of vimentin (a), mesenchymal
stem cell marker CD90 (b), CD73 (c), and hematopoietic markers CD34 (d). Nuclei were stained with DAPI. Original
magnification x40.
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The expression level of genes involved in osteoblast differentiation was monitored in ADSCs grown with
OsteoBiol xenograft biomaterial by quantitative real-time PCR and compared with untreated cells. The expression level
variation of transcription factors, extracellular matrix, and inflammation pathways was measured after 24 h and 4 days of
treatment as fold change levels. Several genes showed more than a two-fold increase in expression level. Indeed, after 24
h of treatment, SPP1, FOSL1, and COL4A1 and MMP14 were up-regulated. After 4 days of treatment, FOSL1 and
MMP14 were further increased, and COLL1A1 was up-regulated.

DISCUSSION

ADSCs possess self-renewal capacity and can differentiate into multiple cell lineages, including adipocytes,
osteoblasts, chondrocytes, and myocytes. Multipotent differentiation potential, together with their abundance in the easily
accessible fat tissue, has been granted to ADSCs by the scientific community because they represent a promising tool in
regenerative medicine and tissue engineering.

In this study, we utilized an in vitro ADSC culture to assess the osteoinduction capacity of OsteoBiol, a
commonly used biomaterial in bone regeneration surgery. OsteoBiol is a collagenated bone matrix derived from animal
cancellous bone, employed by surgeons as a filling material for bone defects or as a scaffold to facilitate bone growth.
Our aim was to determine whether exposure to OsteoBiol can stimulate osteoblast differentiation of ADSCs. To test this,
we monitored the expression levels of a selected panel of genes at 4 hours and 4 days post-treatment. It was observed that
collagen type | and type 1V, two structural extracellular matrix proteins, were over-expressed in ADSCs cultured on the
OsteoBiol biomaterial.

The SPP1 gene was overexpressed early, only 4 hours after OsteoBiol administration. The SPP1 gene encodes
for Osteopontin, which is recognized as a marker of bone differentiation due to its expression during the early stages of
osteoclast and osteoblast progenitor differentiation (19). Osteopontin is a phosphorylated glycoprotein secreted by
osteoblasts into the mineralizing extracellular matrix during bone development (20). The highest expression of this protein
is seen in mature osteoblasts at sites of bone remodeling (21).

Osteopontin plays a crucial role in bone mineralization and the attachment of osteoclasts to the mineral matrix
(22, 23). Osteoclast integrins binding to osteopontin activates signaling pathways that enhance osteoclast activity (24).
Through this mechanism, OPN facilitates the resorption phase of bone remodeling, essential for removing old or damaged
bone and regulating bone density. Osteopontin is also involved in various physiological and pathological processes, such
as immune response and inflammation (25).

Collagen Type | is the primary structural protein in the extracellular matrix of bone. Type | collagen is not
exclusively expressed by osteoblasts but is also produced by fibroblasts; however, collagen Type | remains a useful
marker for osteoblast differentiation when expressed together with other bone markers (26). Collagen Type IV is a major
basement membrane component that separates epithelial and endothelial cells from connective tissue (27). Several
experimental evidences suggest that collagen type 1V is not only produced by epithelial cells, but it is expressed in other
tissues, where is involved in tissue genesis, differentiation, homeostasis, and remodeling (28). For example, collagen type
IV appears to play a significant role in the differentiation of stem cells towards osteoblasts and adipoblasts. In these cells,
the inhibition of miR-214-5p promotes the survival of osteoblasts and extracellular matrix production by targeting
COL4A1 (29). Another investigation showed that miR-214-5p may weaken bone marrow stem cells' osteogenic
differentiation by downregulating COL4Al. Additionally, miR-214-5p may promote adipogenic differentiation by
downregulating the TGF-B/Smad2/COL4A1 signaling pathway (30).

Another line of evidence associates COL4Al to different skeleton pathologies. A genomic region at 13934,
including COL4A1 and COL4A2 (collagen type IV alpha-1 and alpha-2 subunits), was significantly linked with forearm
bone mineral density in a genome-wide linkage scan (31). A significant COL4A1 gene expression level was found in
human osteoporosis fracture bone compared to bone from individuals with osteoarthritis or no bone pathology (32).

The Matrix metalloproteinase family of proteins (MMP) is involved in the digestion of extracellular matrix
proteins during normal physiological processes such as embryonic development and tissue remodeling. Since MMP14
appears to play a multifaceted role in regulating various signaling pathways and cell fate decisions critical for bone
formation and remodeling, this protein could be considered an additional marker of osteoblast differentiation (33).
Research has shown that deleting the membrane-anchored MMP14 in mesenchymal progenitors redirects cells’ fate from
osteogenesis to adipo- and chondrogenesis (34). The same treatment did not have the same effect in committed osteoblasts
(34). Interestingly, MMP14 seems to regulate the differentiation of mesenchymal stem cells into bone-producing
osteoblasts in 3-dimensional collagen matrices (35). Moreover, MMP14 is essential for osteoblast survival during the
osteoblast-to-osteocyte transition and is required for proper lacunae formation (36). Parathyroid hormone stimulates
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osteocyte proliferation by activating the Wnt pathway and increasing MMP14 expression levels, which in turn appear to
regulate soluble RANKL production, thus controlling bone resorption (37). Finally, MMP14 can regulate
osteoclastogenesis. Suppressing MMP14 expression in osteoblasts had the effect of increasing the numbers and activity
of osteoclasts (37, 38).

CONCLUSIONS

Xenografts are considered valid alternatives to autografts. Indeed, animal-derived biomaterials are available in
large quantities, while advancements in processing techniques have significantly lowered the risk of immunogenic
reactions and infection transmission. OsteoBiol is a collagenated exogenous bone-derived biomaterial successfully used
in regenerative medicine. In this investigation, we showed that ADSCs cultured in vitro with OsteoBiol increased the
expression levels of genes considered markers of osteodifferentiation. Indeed, these undifferentiated cells over-expressed
SPP1, COL1A1, COL4A1, and MMP14 at different time points when cultured with OsteoBiol. However, additional
research is necessary to clarify the specific mechanisms involved in the cell signaling pathways underlying the current
results.
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ABSTRACT

Computer-aided dental implant planning increases the success and predictability of replacing missing teeth in
fully and partially edentulous cases. Immediate loading techniques have raised the issue of dealing with it even in severe
bone atrophy, in which the situations are characterized by numerous technical difficulties. It is known that each implant
immediately loaded must be protected from excessive micro-movements, which can be deleterious in the healing phase
and negatively influence the reparative processes of bone remodeling in the first weeks. The purpose of this paper is to
evaluate a protocol for immediate loading with a one-piece implant with integrated MUA and computer-aided planning.
The study involved 20 patients with 160 implants that were immediately solidified with a provisional prosthesis without
reinforcement, made immediately after the surgery. Each patient received eight Uniko implants per arch. All implants
subjected to immediate loading have resulted in a success rate of 100% over the 36 months that have occurred without
fracture of the provisional. This technique, supported by computer-assisted design, has allowed the implementation of
immediate loading in full edentulous patients.

KEYWORDS: computer-aided dental implant, one-piece implant, integrated MUA, multi-unit abutment
INTRODUCTION

The initial premise in implantology fervently maintained that the osseointegration process of a dental implant
required three to six months to achieve complete bone healing in the absence of load and with a submerged technique (1-
3). Over time, there has been increasing interest in transmucosal techniques and, subsequently, in the early or immediate
loading of implants (4, 5). The push towards immediate loading originates from the consideration that during the healing
phase of implants in edentulous jaws, providing the patient with removable temporary prostheses is not without
disadvantages, such as the need for frequent relining and reduced stability with the risk of implant load on non-stabilized
implants.
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The quality and precision of the interface between the fixture and abutment are undoubtedly strategic elements
in remodeling the crestal bone, the success, and the maintenance of the health of peri-implant hard and soft tissues (6).
Schwartz et al. (7) described in great detail the events leading to bone formation around implants, highlighting that during
the healing phases, the implant requires maximum stability relative to the bone. Being a dynamic entity, bone tissue
modifies its characteristics in response to mechanical, bioelectric, and biohumoral stimuli (8, 9). It has been demonstrated
that immediate loading does not impede osseointegration but can accelerate bone repair if implemented with appropriate
techniques and rigorous clinical protocols (10).

The key is to counteract the loads that can produce micromovements at the interface between the implant and
bone, which could interfere with the bone healing process and damage osteogenetic repair processes, preventing
osseointegration and leading to the formation of fibrous tissue and encapsulation of the implant (11). According to Brunski
et al. (11), implants can be loaded early or immediately if micromovements do not exceed the threshold of 100-150 pm,
emphasizing that movements beyond this limit must be neutralized during the healing phase. Degidi et al. (12), in a
clinical study involving and analyzing a significant number of implants, demonstrated the predictability and a high success
rate of functional and non-functional immediate loading.

For many years, it was thought that the success of an immediately loaded implant rehabilitation depended on the
large number of implants involved to distribute occlusal loads, limit the distance between pillars, and avoid the fracture
of the temporary prosthesis. Subsequently, the criteria of careful pre-surgical diagnosis, a correct treatment plan, and the
application of techniques capable of eliminating or reducing the possibility of micro-movements and the consequent risks
to the surrounding bone prevailed. Protecting the bone-implant interface from micromovements is a strategic element of
the success and survival of implants. In recent years, various techniques have been described to improve the predictability
of immediate loading: bars as support for overdentures (13), the use of previous prostheses to achieve implant stability,
or the use of acrylic temporaries by combining transition implants and standard ones (14-17).

Longoni et al. (18), described a method to reduce prosthetic misfit with an implant-supported prosthesis using a
technique that involved intraoral bonding with composite material and laser welding of the framework in the laboratory.
In the early 80s, Mondani et al. (19) and Ar et al. (20) described a method to reduce the misfit or lack of adaptation of
complete prostheses on implants, proposing an intraoral welding technique that avoided laborious laboratory procedures.

Szmukler-Moncler et al. (21), described an intraoral welding technique to join implants using a preconstructed
round titanium wire, followed by an immediate acrylic provisional application immediately post-surgery directly in the
oral cavity. The present work aims to evaluate a protocol of immediate loading using a one-piece implant with integrated
MUA and Computer-aided planning.

MATERIALS AND METHODS

Twenty patients with at least one completely edentulous arch (average age of 61.4 years) requiring prosthetic
rehabilitation were selected. Exclusion criteria included severe systemic diseases, patients irradiated less than a year ago
or undergoing chemotherapy, patients with severe periodontal disease, and heavy smokers. After a careful preliminary
oral examination, the general health status and necessary information regarding the immediate loading technique
procedure were assessed. In each case, the patient prepared and signed an informed consent form. The study was
conducted in accordance with the ethical standards outlined in the 1964 Declaration of Helsinki.

A total of 160 Uniko implants (Isomed System, Due Carrare, Padova, Italy) of varying diameters were placed
depending on clinical conditions (Fig. 1). Each patient received eight Uniko implants. All 160 implants were splinted
through resin prostheses without reinforcement and immediately loaded. None of the selected patients required additional
techniques to increase bone volumes concurrently with implant insertion. Patients were prescribed appropriate pre- and
post-surgical pharmacological therapy: amoxicillin (1 g twice daily for 5 days) and analgesics for 1 week (lbuprofen
600 mg), as needed. Before surgery, all patients performed rinses with 0.2% chlorhexidine digluconate for 2 minutes.
Local anesthesia was administered with Articaine® (Ubistesin 4% - Espe Dental AG Seefeld, Germany) combined with
epinephrine 1:100,000.
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1
'g, The superimposition of STL and DICOM files allowed the virtual planning of one-piece implants in
—  the ideal prosthetic implant position using the dedicated software Isoguide (Isomed System, Due Carrare,

S=——" Padova, Italy) (Fig. 2-4).
— The stackable guides were then realized and composed of a fixed base template and additional

4==—  removable components (Fig. 5). Initially secured with anchor pins to the bone, the fixed template was no
4= |onger removed. The removable components, which were screwed to the base template, were used to perform

implant surgery and immediate prosthetic loading.
A CBCT scan was performed to evaluate the bone height and thickness, and standard

Fig. 1. The m-orphology.of triangulation language (STL) files obtained from the digital scan were aligned with the digital
f';‘ one-piece |mplz?1nt W't_h imaging and communication in medicine (DICOM) data retrieved from the CBCT scan.
integrated Multi  Unit

Abutment (MUA).

Vista frontale

Vista sinistra

Fig. 2. Steps of guided computer planning.

Fig. 3. Steps of guided computer planning with 3D visualization of implant position.
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Fig. 4.

Fig. 5. Structure containing implants and position of the prosthesis.

A Transmucosal Implant (Isomed System, Due Carrare, Padova, Italy) was placed as a natural extension through
the gingival thickness using a surgical guide. The software is also able to assess the quality of bone tissue. The provisional
restoration was delivered 6 hours after surgery or the next day, depending on the complexity of the cases, the duration of
the surgeries, and the patient's psycho-physical condition. The completed fixed provisional prosthesis was placed in the
patient's mouth and fixed with retention screws appropriate for each MUA. The screw access holes were then sealed by
placing a Teflon followed by a light-curable temporary composite (Fermit®, Ivoclar Vivadent), finishing the closure,
and polishing the provisional restoration to a mirror finish to reduce bacterial plaque formation and ensure satisfactory
aesthetics.

Before discharging the patient, radiographic examinations with intraoral radiographs were performed using a
parallel technique to evaluate the adaptation of the titanium structure to the transmucosal collars (Fig. 6). After delivering
the immediate prosthesis, the patient was followed up after 7 days and subsequently every 30 days.

Fig. 6. Post-operative x-ray demonstrating perfect prosthesis congruence on UNIKO implants.
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No intraoperative complications, such as soft tissue lacerations, profuse bleeding, template fractures, or implant
misplacement with consequent dehiscences or fenestrations, occurred during the procedure. All implants achieved a range
insertion torque range of 35-50 Ncm, so immediate prosthetic loading could be performed safely. The presence of a one-
piece implant with integrated MUA and computer-aided planning and the provisional prosthesis has shown a significant
impact on the health of peri-implant tissues in immediate loading, as it reduces mechanical stress on each implant and
allows for excellent healing and quality of peri-implant tissues.

All 160 implants in the study achieved a 100% success rate over 6 months. During the observation period, there
were no fractures of the provisional prosthesis or loosening of the screw of the abutments, and radiographic checks were
performed to evaluate the peri-implant bone levels.

DISCUSSION

A one-piece implant with integrated MUA and computer-aided planning can increase the passivity of the
prosthesis, which is crucial in the immediate loading rehabilitation of fully edentulous patients. Another advantage of
integrated MUA is eliminating the micro gap between the implant and abutment, which is responsible for crestal bone
resorption (22, 23). It is now established that micromovements exceeding 100-150 microns (11) lead to fibrous tissue
formation, preventing implant osseointegration (21).

Various protocols have been described in recent years, but they have not proven effective in routinely achieving
a passive structure while reducing chairside costs and time (18). Acrylic resin bridges with significant distances between
the abutments tend to “warp” as they are subject to flexion and often fracture under occlusal forces; this is particularly
true for the edentulous mandible, which presents a biomechanical elastic complex particularly sensitive to functional
loads. This is due to the “U” shape of the mandible, the posterior insertion of the masticatory muscles, and the complex
elastic structures that make up the bone (24). During the mandibular opening, the lateral pterygoid muscles exert a lateral
protrusion, contract simultaneously, and exert downward traction on the condyles. Consequently, there is elastic flexion
of the mandible, with the distance at the mandibular ramus level of both sides reducing on the frontal plane. Additionally,
there is flexion at the mandibular symphysis, reducing the width of the posterior segment of the mandible (25).

In the past, it has been observed that the fragility of acrylic resin prosthetic restorations was able to redistribute
occlusal loads physiologically only by introducing a greater number of implants to reduce mobility during the first weeks,
where initial primary stability is lost before achieving secondary stability (25-27). Conversely, Degidi et al. (28)
demonstrated the importance of rigid splinting in the mandible, indicating it as the most favorable condition for immediate
loading, even with a reduced number of implants.

Creating a titanium splinting structure directly in the mouth highlights the advantages of immediate loading. It
allows for verifying its real passive adaptation in the patient’s mouth. Moreover, it avoids delegating the structure’s
fabrication to the laboratory, which would require subsequent in-mouth trials, increasing the cost and extending the wait
time for verifying the structure’s adaptation to the implants and fabricating the provisional prosthesis. Degidi et al. (28),
demonstrated the utility of intraoral welding using synchro-welding to achieve rigid splinting of implants subjected to
immediate loading. The solution described in this work helps counteract jaw flexions so that they do not impact the
provisional prostheses, causing fractures and destabilizing the ongoing osteogenic process.

This technique consists of a one-piece implant with integrated MUA, which distributes the occlusal loads over
multiple implants. With reduced costs, this protocol enables the fabrication of immediate-load prostheses in the short
term, gaining greater patient acceptance. Further investigations on a larger sample of clinical cases will validate the
procedure described here as a routine and predictable solution for immediate loading through stabilizing the provisional
prosthesis.

CONCLUSIONS
In the cases examined, no provisional fractures occurred. The one-piece implant with integrated MUA supported
(Uniko) by careful computer-assisted planning has demonstrated clinical efficacy and reliability. It also enabled the

implementation of sufficiently predictable immediate loading protocols, even in challenging cases.
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ABSTRACT

Rehabilitation of the edentulous maxilla in the molar region is a challenging problem. In several cases, there is
a scarce quantity of residual sinus floor bone, and the alveolar ridge high is reduced, carrying an increased inter-arches
distance. In these cases, applying a single maxillary sinus lift technique for implant insertion is inappropriate since it
requires constructing high crowns for prosthetic rehabilitation. High crowns are inappropriate not only from an aesthetic
point of view but also functionally uncorrected since they determine the wrong crown/ratio proportion. In these cases, a
sinus lift, implant insertion, and alveolar-guided bone regeneration can be performed in one operation. Here a case report
is described and literature reviewed.

KEYWORDS: sinus, alveolus, ridge, bone, fixture
INTRODUCTION

A maxillary sinus lift (1-14), also known as a sinus augmentation or sinus elevation, is a surgical procedure
performed to increase the amount of bone in the posterior maxilla. This procedure is undertaken when there is insufficient
bone height in the back of the upper jaw, often due to the natural expansion of the maxillary sinus. During a maxillary
sinus lift, a dental surgeon accesses the sinus cavity through a later window in the upper jawbone and lifts the sinus
membrane, creating a space between the sinus membrane and bone. This space is then filled with bone graft material,
which can be obtained from the patient (autograft), a donor (allograft), or a synthetic source (alloplast). The bone graft
serves as a scaffold for new bone formation, promoting the growth of additional bone inside the sinus. Dental implants
can be inserted after a period of 6-8 months of bone healing (two-stage procedure) or in the same operation of sinus lift
(one-stage procedure). Maxillary sinus lifts are crucial for individuals who require dental implants in the upper jaw but
lack sufficient bone volume. This procedure has become a routine and successful method for addressing bone deficiencies
in the posterior maxilla, enabling more patients to benefit from dental implant-supported restorations.

Guided Bone Regeneration (GBR) is a dental surgical technique designed to enhance the growth of new bone in
areas where bone loss has occurred, typically in preparation for dental implant placement or other restorative procedures
(15-20). The goal of GBR is to create a stable environment that encourages the natural regeneration of bone tissue. During
a GBR procedure, a barrier membrane is placed over the deficient bone area to protect it from soft tissue invasion and to
create a secluded space for bone regeneration. This membrane acts as a barrier, preventing the infiltration of non-bone-
forming tissues and allowing bone cells to populate and regenerate in the protected space. The barrier membrane may be
made of biocompatible materials such as resorbable or non-resorbable membranes, and it serves as a scaffold for bone
growth. Additionally, bone graft materials, often sourced from the patient (autograft), a donor (allograft), or synthetically
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produced (alloplast), may be placed beneath the membrane to provide additional support and stimulate the formation of
new bone. Over time, the body's natural healing processes integrate the bone graft material and promote the development
of new bone, effectively restoring lost bone volume. GBR is commonly employed in cases where there is insufficient
bone for successful dental implant placement or where bone loss has occurred due to periodontal disease, trauma, or other
factors.

The success of GBR depends on factors such as the patient's overall health, the quality of the bone graft material,
and the proper placement of the barrier membrane. This technique has proven effective and reliable in implant dentistry,
restoring adequate bone structure and facilitating the long-term success of dental implants and other restorative
procedures.

In several cases, there is a scarce quantity of residual sinus floor bone, and the alveolar ridge high is reduced,
carrying an increased inter-arches distance. In these cases, applying a single maxillary sinus lift technique for implant
insertion is inappropriate since it requires the construction of high crowns for prosthetic rehabilitation. High crowns are
inappropriate not only from an aesthetic point of view but also functionally uncorrected since they determine the wrong
crown/ratio proportion. In these cases, a sinus lift, implant insertion, and alveolar-guided bone regeneration can be
performed in one operation.

CASE REPORT

A 61-year-old female patient presented requesting implant-prosthetic rehabilitation of the maxilla. The patient
presented a severe bone atrophy in the maxilla. In agreement with the patient, it was decided to replace upper removable
prostheses with implant-prosthetic rehabilitation. The patient underwent an orthopantomography and cone-beam
computed tomography scan (Fig. 1, 2).
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Fig. 1. Pre-operative orthopantomography. Fig. 2. Pre-operative cone-beam computed tomography scan.

The left maxillary sinus appeared opaque. Before surgery, the patient was informed about the operative risk and
complications, and written consent was obtained from the patient for publication of this case report and accompanying
images. After local anesthesia with articaine, the vestibular and palatine mucosa was incised and detached until the maxilla
was completely skeletonized (Fig. 3).

Fig. 3. Vestibular and palatine mucosa was incised and detached until the maxilla was skeletonized entirely.
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A bilateral maxillary sinus lift was performed, and six implants were placed in the maxillary residual bone.
Guided bone regeneration was performed with the placement of heterologous bone (Geistlich Bio-Oss® Thiene VI, Italy)
and reinforced membranes (Geistlich Bio-Gide®, Thiene VI, Italy) fixed to the maxilla with mini-screws (Fig. 4). Three
implants were inserted into the palate to stabilize the denture while waiting for bone regeneration and implant
osteointegration (Fig. 5). Finally, the mucosa was sutured and a control orthopantomography was performed. The 3
implants emerge from the palatine mucosa (Fig. 6, 7).

Fig. 4. A reinforced membrane is visible on the right maxilla, while a resorbable membrane is on the left side. They cover
bone grafts and are stabilized with pins.

Fig. 5. Three implants were inserted into the palate to stabilize the removable denture while waiting for bone regeneration
and implant osteointegration.

Fig. 6. Mucosa is sutured, and 3 implants emerge from the palatal mucosa.
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Fig. 7. A control orthopantomography showing the inserted implants and pins stabilizing membranes.

Six months after surgery, the maxillary mucosa was again incised and dissected to remove the 3 temporary
fixtures inserted in the palate, uncover submerged implants and place the healing screws (Fig. 8-10). In the following
month, the mucosa appeared completely healed, and the implants could be loaded for prosthetic implant rehabilitation
(Fig. 11-14). Follow-up at 2 years showed successful implant placement. (Fig. 15).

Fig. 8-10. Six months after surgery, the maxillary mucosa was again incised and dissected to uncover the implants and
place the healing screws.

Fig. 11, 12. One month later, the mucosa appeared completely healed, and the implants were loaded for prosthetic

implant rehabilitation.
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Fig. 15. X-ray at 2-year follow-up.

DISCUSSION

For the last twenty years, sinus lift and GBR has been applied to rehabilitate the posterior upper jaw. Several
systematic reviews focus on the indication, contraindication, and outcome of these surgical techniques (1-20).

In 2010, Esposito et al. (1-3) investigated whether and when augmentation of the maxillary sinus is necessary
and which are the most effective augmentation techniques for rehabilitating patients with implant-supported prostheses.
The authors concluded that 5 mm short implants can be successfully loaded in maxillary bone with a residual height of 4
to 6 mm, but their long-term prognosis is unknown. Elevating the sinus lining with 1 to 5 mm of residual bone height
without adding a bone graft may be sufficient to regenerate new bone and allow rehabilitation with implant-supported
prostheses. Bone substitutes might be successfully used as replacements for autogenous bone. If the residual alveolar
bone height is 3 to 6 mm, a crestal approach to lifting the sinus lining to place 8 mm implants may lead to fewer
complications than a lateral window approach to place implants at least 10 mm long.

There is no evidence that PRP treatment improves the clinical outcome of sinus lift procedures with autogenous
bone or bone substitutes. In 2014, Pinchasov et al. (4) reviewed the scientific literature with respect to bone formation in
the sinus after the membrane elevation procedure without using any bone substitutes. It shows that 100% of the reviewed
articles presented increased bone formation and high implant survival rates resulting from the graft-free technique. In
2014, Ali et al. (5) found that a thorough knowledge of conventional augmentation procedures such as bone augmentation
techniques, guided bone regeneration, alveolar distraction, maxillary sinus elevation techniques with or without grafting,
and contemporary techniques of implant placement provide effective long-term solutions in the management of the
atrophic maxilla. In 2015, Fugazzotto et al. (6) and Kao et al. (7) showed that maxillary sinus lift is a predictable procedure
to provide adequate bone height for implant placement.

However, complications are encountered during or after the execution of the sinus lift procedure. In 2016, Kelly
et al. (8) focused on the effectiveness of recombinant human bone morphogenetic protein-2 (thBMP-2) as a viable
alternative to bone graft substitute in localized alveolar ridge augmentation and maxillary sinus floor augmentation. They
show that for localized alveolar ridge augmentation, hBMP-2 substantially increases bone height. However, rhBMP-2
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does not perform as well as the autograft or allograft in maxillary sinus floor augmentation. In 2019, Ragucci et al. (9)
reported that membrane perforations represent the most common complication. Consequently, their review aimed to
elucidate the relevance of this phenomenon on implant survival and complications. The authors found that the overall
survival rate of the implants into the sinus cavity was 95.6%, without statistical differences according to the penetration
level. The clinical and radiological complications were 3.4% and 14.8%, respectively. The most frequent clinical
complication was epistaxis, and the radiological complication was the thickening of the Schneiderian membrane without
reaching a statistically significant difference according to the level of implant penetration inside the sinus.

In 2020, Iwanaga et al. (10) review the reported anatomy and variations of the maxillary sinus septa, greater
palatine artery/nerve, and posterior superior alveolar artery and discuss what has to be assessed preoperatively to avoid
iatrogenic injury. They stated that to determine the risk of injury of surgically significant anatomical structures in the
maxillary sinus and hard palate, the operator should have preoperative three-dimensional images in their mind based on
anatomical knowledge and palpation. The same year, Bernardi et al. (11) examined the properties of the platelet
concentrates harvested bone and dentin-derived materials, reporting favorable results.

In 2021, Bhalla et al. (12) reviewed the traditional lateral sinus lift maxillary approach to achieve vertical
augmentation and the trans-crestal osteotome intraoral approach. The same year, Diaz-Olivares et al. (13) proposed a
treatment protocol for repairing intraoperative perforation of the Schneiderian membrane during maxillary sinus floor
augmentation procedures with a lateral window technique. After that, the authors assessed subsequent implant survival
rates placed below repaired membranes compared with intact membranes, determining whether membrane perforation
constitutes a risk factor for implant survival. They concluded that Schneiderian membrane perforation during maxillary
sinus floor augmentation procedures with a lateral approach is not a risk factor for dental implant survival. The knowledge
of the exact size of the membrane perforation is essential for deciding on the right treatment plan.

Regarding alveolar ridge augmentation, Cordaro et al. (15) evaluated a surgical approach for 3D reconstruction
of the posterior maxilla with autogenous mandibular bone in 16 patients. Bone blocks were harvested from the mandible
and used as lateral or vertical block grafts (onlay); they were also partially milled and used for sinus elevation (inlay). In
4 cases, an organic bovine bone was added at the periphery of the blocks. Four months after grafting, implants were placed
in a second operation and loaded after 12 weeks. Lateral and vertical augmentations were measured immediately after
grafting and re-entry for implant placement. The mean lateral augmentation performed was 5.5mm, reduced to 4.3mm
(p<0.01) after 4 months' healing. Mean vertical augmentation was 3.2mm, reduced to 2.1mm (p<0.01) after healing. The
amounts of lateral and vertical graft resorption were similar (1.2mm vs. 1.1mm) but were different when compared with
the original graft (22% vs. 34%). Forty-nine implants were placed 4 months after grafting. Implant parameters were
evaluated after 32-48 months of follow-up and demonstrated 100% survival rates. The authors concluded that the use of
mandibular bone grafts for 3D augmentation of the posterior maxilla has shown promising results and minor
complications.

In 2016, Mestas et al. (16) systematically reviewed the survival rates of titanium dental implants placed using
split crest procedures for alveolar ridge expansion. They found that using split crest techniques appears to provide
predictable alveolar ridge augmentation and high survival rates in the short and long term for implants placed in the
maxilla or mandible. The same year, Baj et al. (17) reviewed not only bone graft and guided bone regeneration for
rehabilitation of alveolar ridge but also sinus floor elevation and bone osteogenesis distraction, a process of bone
generation between two bone segments in response to tensile stress. In 2019, three studies were reported (18-20). Starch-
Jensen et al. (18) tested the hypothesis of no difference in implant treatment outcome after maxillary alveolar ridge
expansion with split-crest technique compared with lateral ridge augmentation with autogenous bone block graft. They
found that the split-crest technique is helpful for horizontal augmentation of maxillary alveolar deficiencies with a high
survival rate of prostheses and implants.

Khoury et al. (19) use a tunneling approach to evaluate the long-term outcome of the split bone block technique
for vertical bone augmentation in the posterior maxilla in combination with sinus floor elevation. Patients were treated
for extensive vertical and horizontal alveolar bone defects without simultaneous implant placement and followed up for
at least 10 years postoperatively. Autogenous bone blocks were harvested from the mandibular retromolar area. The
harvested bone blocks were split longitudinally. Implants were inserted and exposed after every 3 months, and prosthetic
restoration was performed. They found that the combination of thin autogenous bone blocks and bone particles allows an
acceleration of transplant revascularization and, thus, of graft regeneration, shortening the patient treatment time and
long-term three-dimensional volumetric bone stability. Finally, Cha et al. (20) investigated whether or not alveolar ridge
preservation reduces vertical changes in the posterior maxilla compared to spontaneous healing following tooth
extraction.
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For this research, forty subjects requiring extraction of maxillary posterior teeth with root apices protruding into
the maxillary sinus floor were consecutively enrolled. Patients were randomly assigned to one of two surgical
interventions: an alveolar ridge preservation procedure using collagenated bovine bone mineral and a resorbable collagen
membrane (test) or no grafting (control). Cone-beam computed topographies were taken immediately and 6 months after
surgery, before dental implant placement. The authors found that alveolar ridge preservation in the posterior maxilla
maintained the vertical bone height more efficiently and resulted in less need for sinus augmentation procedures at 6
months compared to spontaneous healing.

Our case report demonstrated that performing a one-shot sinus lift, implant insertion, and alveolar-guided bone
regeneration is possible in cases with a reduced quantity of residual sinus floor bone and increased inter-arches distance.
Major attention should be paid to several complications associated with maxillary bone augmentation and implant
dentistry. These complications can be broadly categorized into intraoperative, early postoperative, and late postoperative
complications. Intraoperative complications include perforation of the sinus membrane, damage to neurovascular
structures, and inadequate bone graft stability. Early postoperative complications encompass infection, hematoma
formation, and graft failure. Late postoperative complications involve implant failure, peri-implantitis, and soft tissue
complications.

Complications in maxillary bone augmentation and implant dentistry can arise due to various factors, including
surgical technique, patient-related factors, and anatomical considerations. Preoperative evaluation, careful treatment
planning, and meticulous surgical execution are crucial to minimize complications. Additionally, prompt recognition and
appropriate management of complications are vital to achieve successful outcomes.

Maxillary bone augmentation and implant dentistry offer practical solutions for patients with missing teeth.
However, it is important to be aware of the potential complications associated with these procedures. Understanding the
etiology, prevention strategies, and management techniques of these complications is essential for dental professionals to
provide optimal patient care. By staying updated with the latest research and advancements, clinicians can minimize
complications and improve the long-term success rate of maxillary bone augmentation and implant dentistry.

CONCLUSIONS

Our case report demonstrated that in cases with a reduced quantity of residual sinus floor bone and increased
inter-arches distance can be treated by performing a one-shot sinus lift, implant insertion, and alveolar-guided bone
regeneration. However, different groups should report more studies to establish this procedure's indications and
complications.
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ABSTRACT

The post-extraction alveolar defect could represent a clinical challenge for dental implant rehabilitation in the
aesthetic area. The aim of the present study was to investigate the effectiveness of heterologous bone lamina supported
by an umbrella screw for the prevention of bone defect collapse after tooth extraction in the maxillary aesthetic region. A
total of 2 male patients were treated in the present case series. The heterologous bone lamina supported by a screw was
applied at the level of the premolar region to maintain the bone peaks. After 6 months, a full flap thickness flap was
elevated, and the fixation screw was removed. A dental implant has been positioned to support a single crown fixed
rehabilitation. An excellent maintenance of the buccal and interproximal bone peaks was obtained. No signs of early
exposure and inflammation were reported during the healing period and dental implant positioning. Within the limits of
the present study, the heterologous bone lamina showed an optimal mechanical stability and space-maintaining capability.

KEYWORDS: regeneration, dental, implant, therapy, bone, lamina

INTRODUCTION

Treating single-tooth extraction in the aesthetic region of the jaws could represent a clinical challenge for
successful dental implant rehabilitation (1). As a consequence of the avulsion, compartmental bone resorption is
contemplated, considering both horizontal and vertical vectors that can determine an alteration of the bone volume balance
(2, 3). This condition could produce two critical points concerning the possibility of dental implant rehabilitation: the
positioning of an implant fixture adequate in length and diameter and maintaining the aesthetic impact of the crown
emerging profile in case of bone peak loss (4). Conversely, the correct prosthetic profile also determines prosthesis
maintenance and plaque biofilm control (5). Several techniques and biomaterials have been proposed for this scope,
including bone graft positioning, titanium mesh, and membrane bone regeneration procedure (6, 7). Autologous graft
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represents the gold standard for bone augmentation procedures due to the space-maintaining capacity and intrinsic
osteogenic capability (7).

On the other hand, the xenograft procedure takes advantage of the space-maintaining and scaffolding capability
of the biomaterial, which can create a favorable environment for blood clot stability (8, 9). Autologous bone graft use is
often limited by donor site accessibility and its healing period management (7). In the alternative literature, the socket
shield technique has also been proposed to preserve the buccal bone plate (10). The heterologous bone lamina is a
xenograft characterized by a dual-layer structure composed of a double cortical and cancellous side (11). This biomaterial
is characterized by a high wettability with the blood and body fluids that confer remarkable graft plasticity and adaptability
to the recipient site (11). The clinical rationale of heterologous lamina is associated with the creation of a regenerative
compartment through the stabilization of the blood clot. This technique has also been used to produce bone graft
augmentation without using graft materials in several clinical occurrences including sinus augmentation (11). The aim of
the present study was to evaluate the clinical efficacy of the heterologous lamina for preventing single-tooth alveolar
defect collapse after extraction in the aesthetic region.

CASE SERIES

The present study has been conducted in accordance with the Declaration of Helsinki and the Good Clinical
Practice Guidelines. Two patients were visited for the extraction of the upper premolar and delayed dental implant
positioning. The treatment planning considered a delayed approach for dental implant surgery and bone volume
preservation after the tooth extraction. The subjects underwent a clinical and occlusal examination at the initial visit, and
panoramic radiographs were evaluated. A radiographic scan was performed before the procedure to conduct the
preliminary assessment of the surgical site. Before the procedure, the chlorhexidine digluconate solution rinse 0.2% was
administered for 1 minute. The local anesthesia was conducted by Articaine® (Ubistesin 4%-Espe Dental AG Seefeld,
Germany) with epinephrine 1:100.000. A full-thickness mucoperiosteal flap was elevated, and the premolar was extracted,
preserving the bone level peaks. At the base of the palatal cortical wall, a specially designed bone fixation screw has been
applied (Ustomed, Tuttlingen, Germany) to support the heterologous bone lamina (Osteobiol, Tecnoss Dental S.R.L.,
Turin, Italy) during the healing period of 6 months. A second phase of surgical access has been realized at 6 months for
bone fixation screw removal and dental implant positioning. The surgical site has been prepared atraumatically in
accordance with the manufacturer protocol using a surgical motor (300 Plus Intrasurg, Kavo, Germany). The healing
abutment positioning and provisional phases were performed at six months, with the prosthetic finalization of a single
crown rehabilitation.

Case 1

A male patient with an age of 45 years old was visited for upper premolar 2.5 affected by periodontal probing
and teeth mobility with a mean PPD of 5.6+1.4. No significant pathologies and risk factor conditions were reported at the
anamnesis (Fig. 1-2).

Fig. 1. Occlusal view of the surgical site. Fig. 2. Lateral view of the surgical site.
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The bone fixation screw was positioned in accordance with the manufacturer protocol (Fig. 3-7) (Ustomed,
Tuttlingen, Germany).

- e |
Fig. 3. Detail of the post-extraction site. Left: A periapical radiograph was taken after the procedure. Right: Occlusal
view of the surgical site.

Fig. 4. Fixation screw positioned in the Fig. 5. Heterologous lamina segment
palatal region of the residual defect. morphologically adapted.

Fig. 6. Lateral view of the site after the Fig. 7. Occlusal view of the site after the
healing period. dental implant positioning.

Annals of Stomatology 2022 May-August; 2(2): 62-67 www.labpublishers.com ISSN 2975-1276


http://www.labpublishers.com/

F. Lorusso et al. 65

The post-operative period was uneventful, and no significant complications were reported after the 14-day
healing phase and 6 months from the first phase of surgery. The implant surgery was performed by elevating the total
thickness of the mucoperiosteal flap to expose the bone ridge. The buccal bone wall, as did the mesial and distal peak
profiles, appeared well preserved. A 3.5 diameter and 12mm length implant fixture (Isomed Implant, Due Carrare, Italia)
was positioned in accordance with the manufacturer protocol.

Case 2

A male patient (36 years old) was visited for an upper premolar 2.4 bone defect resulting from a tooth fracture
and previous bone regenerative procedure failure relapses. No significant diseases and risk factors were reported during
the initial visit. A buccal bone collapse was present, and the mesial and distal bone peaks were partially preserved. The
chlorhexidine digluconate solution rinses 0.2% was administered for 1 minute, and a total thickness mucoperiosteal flap
was elevated. A specially designed bone fixation screw has been applied on the top of the bone ridge (Ustomed,
Tuttlingen, Germany) to support the heterologous bone lamina (Osteobiol, Tecnoss Dental S.R.L., Turin, Italy) during
the healing period of 6 months (Fig. 8).

1

Fig. 8. Radiogram scans taken at the baseline (left) and after 6 months from the surgery.

The implant site has been prepared in accordance with the manufacturer protocol (Isomed Implant, Due Carrare,
Italia) using a surgical motor (300 Plus Intrasurg, Kavo, Germany). The prosthetic finalization has been obtained through
a single crown rehabilitation.

DISCUSSION

Dental implant rehabilitation in the aesthetic region of the jaws represents a challenge in operative dentistry,
considering the difficulties determined by the restoration of the emerging design of the prosthesis and the long-term
maintenance (12). The tooth loss could significantly impair the bone ridge profile, determining wall defect (13). In
addition, the position of the teeth could also play a role in post-extraction bone deficiency. The present investigation
aimed to report the use of heterologous bone lamina to prevent the bone defect collapse associated with tooth extraction
in the aesthetic region. Both clinical cases reported excellent maintenance of the bone peaks, creating a regenerative
compartment without using a bone graft. No marginal exposures and dehiscences were observed after the 6 months
healing period. On the other hand, the heterologous bone lamina stabilized with screws reported excellent integration and
adaptability. Also, the defect regenerates sites due to the biomaterial's mechanical properties and clinical stability. Yang
et al. proposed a classification of dehiscences based on the mesial-distal views (14).

Some reported a 5-8% incidence in the literature observed in cadaver and clinical studies (14-16). Guided bone
regeneration procedures are considered highly predictable techniques for this purpose, considering the biomaterials
biocompatibility, space maintenance, integration, and adaptability to the defect site (17, 18). Titanium mesh has been
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reported as a useful technique for horizontal and vertical bone ridge augmentation (19). The Ti-mesh is a hon-resorbable
device characterized by excellent mechanical properties and space-maintaining capability. Still, the disadvantage of low
flexibility represents a critical factor for its use (20, 21). The exposure tendency of T-mesh membranes is still debated in
the literature, and several authors correlate this event to the management of the prevention of sharp angles and consequent
mucosal irritation accompanied by bacterial contamination of the site that could produce a potential marginal volume
graft resorption of 15-25% (22). The bone lamina is a resorbable and highly biocompatible biomaterial used in several
clinical conditions, including treating residual bone defects after jaw cyst enucleation (23). Scarano et al. (23) reported a
volume reduction of the residual bone defect of 92.1% after 12 months from the treatment with no addition of bone graft.
The same authors reported excellent maintenance of the structure architecture and the anatomical profile of the bone
ridge.

CONCLUSIONS

Within the limitations of the present study, the heterologous bone lamina seems to be effective to prevent the
single tooth bone defect collapse with no exposures after the healing period. Further randomized investigations with
histologic analysis are necessary to confirm the findings observed by the present case series and to characterize the
regenerated bone microscopically.
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ABSTRACT

Imatinib Mesylate (IM), a tyrosine kinase inhibitor, is a first-line medication for treating chronic myeloid leukemia
and gastrointestinal stromal tumors. Clinical studies revealed excellent hematological responses without significant side
effects. Dermatologic side effects are ordinary, with rash and superficial edema the most recurring. Moreover, IM
treatment is often associated with hypopigmentation. Intraoral side effects are very infrequent. However, IM may lead to
mucosal pigmentation. This paper reports a patient with chronic myeloid leukemia treated with IM for seven years,
referred with diffuse solitary bluish-brown pigmentations in the hard palate.

KEYWORDS: pigmentation, oral cavity, leukemia, skin
INTRODUCTION

Oral pigmentations linked to excessive melanin production are characteristic clinical findings, and their etiology
varies, denoting a broad spectrum from physiologic pigmentations to manifestations of systemic diseases (1). Some
physiologic pigmentation is connected to ethnicity and is mainly found in dark-skinned populations (2). They are often
bilateral and found in buccal and gingival mucosa. (3). Systemic diseases such as Addison's disease, Peutz-Jehgers
syndrome, and other rare diseases, such as Nelson syndrome, polyostotic fibrous dysplasia, and hyperthyroidism, are
associated with oral melanotic pigmentation (4). Deposit of melanin in the connective tissue may even be found after
long-standing inflammation in conditions such as pemphigus, oral lichen planus, and pemphigoid (5).

Likewise, tobacco and several drugs, i.e., antimalarials, tetracyclines, chemotherapeutic drugs (doxorubicin,
bleomycin, 5-fluorouracil, cyclophosphamide), phenothiazines, quinidine, amiodarone, and clofazimine, may cause oral
pigmentation (6). Imatinib mesylate (IM - STI-571, Gleevec®; Novartis Pharma, Basel, Switzerland) is a tyrosine kinase
inhibitor that targets Bcr-Abl-protein, c-Kit, and platelet-derived growth factor receptors (7). The drug was initially
conceived for the therapy of chronic myeloid leukemia (CML) but is also considered the first-line treatment for patients
with metastatic gastrointestinal stromal tumors (GIST) (8). IM treatment correlates with side effects, such as diarrhea,
nausea, periorbital edema, and myelosuppression (7). Dermatologic side effects are not uncommon, with rash and
superficial edema as the most common; additional side effects are pruritic maculopapular exanthema, erythroderma, small
vessel vasculitis, graft-versus-host-disease, and lichenoid eruptions (9). In difference, intraoral side effects appear rare,
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with occasional dental hyperpigmentation and lichenoid reactions (10, 11). The present paper aimed to depict a patient
with similar solitary melanotic maculae in the palatal mucosa.

CASE REPORT

A 46-year-old woman was referred in March 2021 to the Unit of Oral Pathology and Medicine at the University of
Campania "Luigi Vanvitelli" to evaluate a pigmented lesion in the hard palate. She was a nonsmoker, and the lesion was
discovered at a routine examination by the patient's regular dentist. The patient had chronic myeloid leukemia (CML)
and, since 2015, was treated with IM 400 mg daily. The patient used no other medication. The palatal mucosa showed a
bluish-brown U-shaped pigmentation symmetrically distributed on both sides of the hard palate (Fig. 1). The lesion was
asymptomatic, and there were no other pigmentations or lesions in the oral mucosa. The patient refused a biopsy. A
follow-up in June 2021 confirmed that the pigmented lesion persisted and was clinically unchanged.

DISCUSSION

Solitary pigmented lesions in the hard palate associated with IM
treatment have been previously described in the literature (12-14).
The histopathologic examination in the literature indicated melanin
pigment in the lamina propria, consistent with melanotic
maculae—noninflamed palatal mucosa covered by normal
epithelium (13). Multiple pigment-laden cells with roundish or
spindled shapes were found in the lamina propria. A few pigmented
cells were also seen in the submucosal tissue (14).

The oral melanotic macula is a recurring lesion in the
population, with the palate being the most typical site (15). The
Fig. 1. Clinical presentation of the palatal lesions are generated by grown melanin production by
mucosa. melanocytes, and the deposited melanin is located within the basal

cell layer of the epithelium, the lamina propria, or both (16). Some
additional etiologic factors must be evaluated before handling the probable relationship between the observed melanotic
macules and IM therapy (5). The patient had no systemic conditions usually associated with melanosis development or
used other drugs associated with excessive melanin pigmentation; furthermore, she was a nhonsmoker. From a clinical
point of view, a differential diagnosis was pigmentation associated with bleeding and following degeneration of
hemoglobin, and palatal hyperpigmentation has also been reported in association with hemochromatosis (17). Regardless,
there was no history of trauma, and the patient had no laboratory findings indicating hemochromatosis.

IM has been associated with hyperpigmentation of fingernails and skin and hypopigmentation of skin, although such
cases are rare (18). It is not understood how IM can cause both losses of pigment and darkening of the skin in various
patients (13, 19, 20). IM is a specific protein kinase inhibitor approved by the Food and Drug Administration in 2001 for
treating CML (21). It blocks the activity of the mutated BCR-ABL tyrosine kinase of CML; IM also blocks the binding
of ligands to c-kit receptors on melanocytes, lowering the activity of melanocytes and leading to hypopigmentation (22).
Nonetheless, IM may even lead to hyperpigmentation of the skin or mucosa. It likely does this through a drug metabolite
chelated to iron and melanin, in a similar mechanism to minocycline and anti-malarial drugs (23). The diagnosis of IM-
related pigmentation hangs on a thorough medical history and distinctive clinical features (24). Fortunately, the
hyperpigmented lesions are benign, and no treatment is required (25).
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ABSTRACT

The term oroantral communication is used indiscriminately in literature as a synonym for ‘oro-antral perforation’,
‘antro-oral communication' (OAC), 'oroantral fistula' (OAF), 'antro-alveolar fistula'. Although these terms are synonyms,
OAF develops when the OAC does not close spontaneously, remains manifest, and becomes epithelialized. The
development of this epithelized tissue represents a pathological pathway for bacteria and is generally thought to be
generated soon, at least 48/72 h from the creation of the communication. The aim of this review was to provide a pictorial
review of incidence and treatment for oroantral communications and fistulas and to avoid the risk of recurrence. By
conducting an electronic search on the MEDLINE bibliographic database (Pubmed), 63 articles with a period from 1994
to 2021 were selected using the following algorithm: "sinus lift" OR "sinus augmentation™ OR "sinus graft" OR "maxillary
sinus floor elevation" OR "sinus floor augmentation” AND"oro-antral communication" OR "antro-oral communication"
OR " oroantral communication" OR "oro-antral fistula" OR "oroantral fistula" OR "oro-sinusal communication” OR
"antro-alveolar fistula” OR "fistula" OR "oro-sinusal fistula" OR "sinus-oral fistula" OR "sinus communication” OR
“OAF”. The electronic search yielded 63 articles. No language restrictions were applied, and only cohort studies were
considered, excluding case series, case reports, RCTs, and CCTs. Titles and abstracts were examined using the previously
defined inclusion and exclusion criteria. After thorough analysis, 21 articles were excluded, and 3 studies were included
in the qualitative and quantitative data synthesis. The incidence of AOC, regardless of the technique used, appears to be
a relatively rare complication. The surgical protocols used, the surgeon's experience, implant management, and intra-
operative complications could play an active role in post-operative complications. Further studies are needed to establish
a comparison between the techniques.

KEYWORDS: oroantral communication, sinus augmentation, sinus lift, sinus graft, maxillary sinus, floor elevation
INTRODUCTION

An oroantral communication (OAC) is defined as a pathological pathway that is created between the maxillary
sinus and the oral cavity as a complication of dental extraction surgery, trauma, sinus surgery, implant failures (i.e., peri-
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implantitis, infection of the graft material, migration of the implant into the sinus), osteomyelitis or removal of neoplasms
involving the posterior areas of the upper jaw (1).

The term oroantral communication is used indiscriminately in literature as a synonym for ‘oro-antral perforation’,
‘antro-oral communication’, 'oroantral fistula' (OAF), ‘antro-alveolar fistula'. Although these terms are synonyms, OAF
develops when the OAC does not close spontaneously, remains manifest, and becomes epithelialized.

The development of this epithelized tissue represents a pathological pathway for bacteria and is generally thought
to be generated soon, at least 48/72 h from the creation of the communication (2, 3). Symptoms are variable and can
occur even after a long time. Most commonly, epistaxis passage of fluid between the oral and nasal cavities, pain,
postnasal drip, altered vocal resonance, and difficulty in sucking or puffing out the cheeks are reported (4). In addition, if
left untreated, such preferential pathways can lead to numerous complications, such as secondary sinus infection with
sinusitis (acute or chronic) along with pseudopolyp formation or herniation of the sinus mucosa through communication.

Diagnosis represents a critical issue, especially in doubtful cases. Parvini et al. (5) illustrated a pragmatic and
useful decision-making process, i.e., the Valsalva maneuver, compressing the patient’s nostrils and blowing out air, could
be useful (6). The increase in endosinusal pressure leads to the formation of bubbles at the level of the communication,
unmasking the condition. However, a negative test does not automatically exclude the presence of an OAC. At the same
time, a check-blowing test with a hissing sound could be helpful for the diagnosis, even if the risk of spreading the
infection into the sinus is reported. The same risk is present when a probe is inserted into the communication to assess
the dimensions of the AOC.

Radiologically, 2D-dimensional imaging with a gutta-percha cone inserted inside the communication can
highlight the interruption and discontinuity in the floor of the maxillary sinus, indicating the presence of the
communication. Coronal sections of CT and CBCT are adjunctive diagnostic tools with particular care for sinus
abnormalities (7).

Multiple factors are to be considered while treating an OAC, i.e., the size of the perforation, the time of diagnosis,
the presence of inflammation, and the clinician’s experience, all of which have a critical role in managing these
complications. In the absence of sinus infections and limited lesions (< 2mm), the clot formation could lead to closure of
the OAC and spontaneous healing. During sinus infection and when extensive communication with epithelialized tissue
is present, flap mobilization surgery (buccal flap, palatal flap, buccal pad) associated with previous treatment for the sinus
pathology is mandatory for the complete healing of the condition (8, 9).

Immediate intervention generally has a very high success rate (around 95%), but if the condition is unproperly
treated, 50% of patients will develop sinusitis only 48h later. In addition, if not detected, sinusitis will develop in almost
90% of patients after only 2 weeks since the AOC creation (9). Some nontrasfusional hemocomponents are an effective
therapeutic option (10), especially when mechanical factors are considered for the closure of the communication and flap
management (11). Sinus augmentation techniques are widely used to increase the height of the residual bone ridge for
implant placement in the posterolateral areas of the upper jaw.

Implant insertion strictly depends on the bone amount between the sinus floor and the residual ridge. It can be
performed at the same time (one-stage technique) or delayed (two-stage technique) to ensure the primary stability
necessary for a successful osteointegration (12).

Sinus augmentation techniques, first developed in the late 1970s and later revised by Summers in the 1990s,
have undergone numerous modifications in terms of protocols and surgical instrumentation (Cosci&Luccioli, MISE,
CAS, Intralift, Reamer-Mediated TSFE, minimally invasive osteotome SFE, Sinus balloon technique). These techniques
are considered safe and predictable, and the most common intra-operative complication reported in the literature is
perforation of the Schneiderian membrane.

Some postoperative complications are reported, including sub-antral artery bleeding, hematoma, dehiscence,
epistaxis, nasal congestion, infraorbital neurovascular bundle injury, implant migration into the sinus, fistulae, and
sinusitis. In the literature, postoperative complications of sinus augmentation surgery appear to be relatively rare
compared to intraoperative complications (13).

Perforation of the Schneiderian membrane has been investigated in numerous studies as a factor influencing
implant stability. Still, such analyses and evaluations would appear to be much more complex when examining post-
operative complications with more limited casuistry (14-16). This short review aims to define the incidence of OACs
secondary to sinus augmentation surgery and to define the technique associated with the highest incidence.

MATERIALS AND METHODS

Search strategy

Annals of Stomatology 2022 May-August; 2(2): 71-78 www.labpublishers.com ISSN 2975-1276


http://www.labpublishers.com/

F. Tricca et al. 73

The following short review attempts to answer the questions: "What is the incidence of oroantral communications
secondary to sinus lift surgery? Which technique appears to be associated with the greatest risk of this complication?”’

By conducting an electronic search on the MEDLINE bibliographic database (Pubmed), 63 articles with a time
span from 1994 to 2021 were selected using the following algorithm: "sinus lift " OR "sinus augmentation " OR "sinus
graft" OR "maxillary sinus floor elevation" OR "sinus floor augmentation” AND "oro-antral communication" OR "antro-
oral communication" OR " oroantral communication” OR "oro-antral fistula" OR "oroantral fistula" OR "oro-sinusal
communication” OR "antro-alveolar fistula" OR "fistula" OR "oro-sinusal fistula" OR "sinus-oral fistula" OR "sinus
communication” OR “OAF”.

Titles and abstracts of the articles were subjected to an initial selection process considering relevance, type of
study, and population considered. A hand search was conducted for the resulting studies by analyzing the complete articles
and their relevance and adherence to the inclusion and exclusion criteria.

Selection Of Studies

The choice of studies considered fell on cohort studies. Having different purposes than RCTs, CCTs, case series,
and case reports, cohort studies provide a direct quantitative measure of the possible complications associated with the
interventions examined.

Here we investigated the incidence of postoperative complications during different sinus lift techniques.
Specifically, the incidence of oroantral communication was considered. No restrictions were placed on the surgical
technique used. The following inclusion criteria were applied for the selection of studies:

-studies reporting data on the incidence of OAC after sinus lift surgery (at least 1 OAC);

-number of patients considered > 10;

-post-operative follow-up;

-absence of systemic and pre-operatory sinus pathologies.

In the same way, the following exclusion criteria were applied:

-systemic pathologies contraindicating surgery or preoperative sinus conditions;

-number of patients < 10;

-absence of data on postoperative complications (incomplete clinical and/or radiographic documentation)

concerning AOC;

-no antibiotic treatment prescribed.

Data extraction
The following data were extracted from the selected studies: 1) year of publication, 2) study design, 3) sample
size, 4) mean age, 5) number of sinuses treated, 6) technique used, and 7) number of AOC recorded during follow-up.

Risk assessment bias

The Newcastle-Ottawa Scale (NOS) for cohort studies was used to assess the risk of bias in the individual studies
considered. This scale includes a questionnaire divided into three categories: selection, comparability, and outcome. The
included studies were classified as good, fair, or poor quality.

Data and statistical analysis

The individual incidence was considered to assess the overall incidence of complications and compare the
techniques. The overall incidence was calculated by the sum of the total number of complications and patients for each
technique. Then the hypothesis test for difference in proportions was applied to determine whether there was a significant
difference between techniques. The null hypothesis was that there was no significant difference between the techniques.
An alpha significance level of 0.05 was adopted to establish the threshold for statistical significance, and the value of the
Z test statistic was obtained.

RESULTS

Description of studies

The electronic search yielded 63 articles. No language restrictions were applied, and only cohort studies were
considered, excluding case series, case reports, RCTs, and CCTs. Titles and abstracts were examined using the previously
defined inclusion and exclusion criteria.
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After thorough analysis, 21 articles were excluded, and 3 studies were included in the qualitative and quantitative
data synthesis. The flow chart in Fig. 1 summarizes the study selection process (17-40).

[ Identification of studies via databases ]
Y
=
o . .
= Records identified from
2 Databases (n =1)
= MEDLINE
(]
S
— }
Records screened, evaluated by
2 || abstract/ title for eligibility
= (n =63)
=2
w
>
=
'c
(O]
O
@
Full text articles evaluated by )
(n=24) (n=21)

Systematic review (17)

Case report (18-23)

Case series (24-29)

Wrong study design/population /background article (28, 30-40)

Studies included in review
(n=3)

Fig. 1. Summary of the study selection process.

One of the studies (40), although falling within the inclusion criteria, was not considered due to a probable bias
related to the biomaterial utilized (hatural polysaccharides polymers-coated bovine bone, PBB) that could affect the
accurate estimation of the incidence of AOC. After the selection process, therefore, 2 studies (38, 39) were analyzed.

Population

The sample size of the studies considered ranged from 116 to a maximum of 430 patients. The total number of
patients treated was 546 (283 M and 263 F). The average overall age was 51.9 years. The age ranged from 26 to 84 years.
The total number of sinuses treated was 580.

Operative techniques

The sinus augmentation techniques considered in the two studies involved lateral and crestal approaches. In the
first study (39), a one-stage lateral elevation technique was performed on patients with 5/3 mm residual alveolar bone
height and 6 mm thickness in the bucco-palatal direction. A crestal incision, a vertical release incision at the level of the
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canine, and a distal incision at the level of the second/third molar were made, and a full-thickness flap was performed,
which, when flipped over, allowed access to the anterolateral wall of the upper jaw.

An osteotomy was performed using low-speed burs with copious sterile saline irrigation. The sinus membrane
and the anterolateral and medial walls of the maxillary sinus were carefully lifted from the floor using dedicated curettes.
After membrane elevation, the implant sites were then prepared with calibrated low-speed burs specific to the implant
system used. The graft material was inserted under the sinus membrane, and the implants were inserted with a torque
value of 30 to 50 N/cm.

The graft materials used were a combination of heterologous, homologous, or alloplastic grafts, and the implant
diameters ranged from 3.75 to 5.5 mm with lengths from 10 to 13 mm. A total of 81 patients were treated with unilateral
techniques, in 35 patients, the operation involved both sinuses.

The second study under analysis considered a unilateral crestal approach in patients with residual bone height <
5mm with contextual insertion of a single implant (38). Sinus access was performed with subtractive techniques using
specific drills (Cosci&Luccioli) or by bone compaction using osteotomes (Smart lift technique, Summers’ technique).
Antibiotic therapy was conducted before and after surgery, and patients were monitored over time at the various follow-
ups considered in the studies.

Incidence Of OAC

In the study involving lateral techniques with a total of 151 sinuses and 116 patients, the complication was
reported only once with an incidence of 0.8 % (0.6 % based on the number of sinuses treated). Even for crestal techniques
for a total of 430 patients and 430 sinuses treated, the presence of an oroantral communication was reported in only one
patient, with an incidence of 0.2%.

Risk of bias in included studies

The NOS scores were considered as a rough indicator of the methodological quality of the studies along with
other factors, such as the completeness of the reported data. Studies with higher scores were considered to be of good
quality, while those with lower scores indicated a potential risk of bias. The two studies were considered both of fair
quality.

DISCUSSION

OAC is a pathological pathway connecting the oral cavity and maxillary sinus. Patients with AOC and a
developed OAF are prone to acute or chronic sinus infection. OAC complications may occur early after implant placement
but rarely long after, and they seldom concern osseointegrated implants (7, 41, 42). It was observed that implant
perforation of the Schneiderian membrane is not associated with sinus complications or pathologies, regardless of the
extension of the implant protrusion into the sinus (43). There is a lack of clear and defined data in the literature regarding
sinus lift procedures.

In the sinus lift group with the lateral approach, the postoperative incidence occurred in only one patient,
corresponding to an incidence of 0.8%. In the crestal approach group, on the other hand, there was again only one case
of complication, with an incidence of 0.2%. The hypothesis test for difference in proportions was used to determine
whether there was a significant difference between the two incidences. The test produced a value of Z =- 0.699.
Considering a significance level a = 0.05, the value of Z did not reach the critical threshold to reject the null hypothesis.
Consequently, the assumption that one sinus-lift technique has a significantly different incidence than the other is not
supported. Considering the two techniques and the reported incidences, the overall incidence calculated taking into
account complications and total patients is 0.3%.

Limits

This systematic review has several limitations, particularly the presence of confounding factors that could play
a substantial role in the development of the complications examined (i.e., patient age, surgeon experience, contextual or
delayed insertion of implants, and biological complications).

The search strategy may also have introduced a potential selection bias into the studies, leading to an
overestimation of the overall incidences observed, excluding from the search articles that did not explicitly mention AOC
as a possible post-operative complication or articles in which no post-operative complications were reported. Limiting
the bibliographic coverage to one database (Medline) similarly could affect the representativeness of the review.
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CONCLUSIONS

The incidence of AOC, regardless of the technique used, appears to be a relatively rare complication. Depending
on the type of technique considered, the incidence ranges reported in the literature vary from 0.2% to 0.8%. However, the
trend of greater incidence observed in the lateral approach does not seem statistically supported. The lack of statistical
significance could be influenced by various factors and limitations of the present short review, including the sample size.
The actual rarity of this complication would necessitate a larger sample size to determine a direct comparison between
the techniques. Furthermore, the surgical protocols used, the surgeon's experience, implant management, and intra-
operative complications could play an active role in the occurrence of post-operative complications. Further studies are
needed to establish a comparison between the techniques.
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ABSTRACT

Dental implant placement has become one of the safest surgical procedures in oral surgery; when the jawbone is
enough in height and width, dental implant placement is easy, and implant primary stability is predictable. However, one
of the most important elements of success in dental implants is primarily bone density. Bone tissue quality can vary
depending on patient health, previous tooth extraction, or odontogenic or non-odontogenic lesions in the jaws, which
should be removed before dental implant placement into edentulous areas. Among lesions of the jaw bones, the radiopaque
ones are less frequent and less studied. This mini literature review aims to evaluate the reliability of dental implant
placement in the hyperdense bone area of the jaws, avoiding, when possible, lesion removal. Material and methods: the
research was performed manually on PubMed, Google Scholar, and Scopus databases by typing the exact search string;
among 114 scientific articles, only 8 matched the eligibility criteria. These studies show how radiopaque lesions should
always be investigated to understand their origins: radiological investigation and eventual clinical symptoms reported by
the patient should be considered for differential diagnosis; anyway, according to these reported cases, implant placement
can be successfully performed also when these types of lesions are present, even if further research is needed to develop
new and specific surgical protocols.

KEYWORDS: hyperdense lesions, dental implants, jawbone, idiopathic osteosclerosis, condensing osteitis, cemento-
osseous-dysplasia

INTRODUCTION

Radiolucent lesions of the jaws, such as periapical cysts or odontogenic tumors, correspond to 80% of bony
lesions and are widely described in the literature. Therefore, many clinical protocols have been used from diagnosis to
treatment (1). Otherwise, radiopaque lesions are less investigated and outlined in the literature. They are often incidental
findings in radiography or computed tomography exams. They can occur in different regions of the jaws, and no treatment
is required if they are located in areas of no surgical interest (1, 2).

Literature is poor in guidelines and protocols regarding diagnosing and managing hyperdense lesions. They are
usually well-defined unilocular or multilocular masses and represent a benign or inflammatory process. Moreover, dental
implant placement in these areas is often problematic, and the scientific literature on intra-operative and post-operative
complications is unclear (2, 3).
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Many types of radiopaque lesions described in the literature can be related to benign bone and cartilage tumors
and mesenchymal odontogenic tumors (4). Abnormal radiopacities could often be found during CBCT exams
accidentally; those could be more often related to remaining endodontic materials, remaining dental roots after a
complicated extraction, and fractured bone pieces. Less commonly, these findings could be related to dental elements and
other odontogenic tissue, moving the diagnosis to different types of pathological lesions, such as odontogenic and non-
odontogenic tumors and benign or malignant tumors (5, 6).

The presence of radiopaque or radiolucent lesions of the bone could make the placement of dental implants
challenging. In these cases, it is often needed to wait for the healing of the interested area after their surgical removal:
bone regeneration requires time, and it takes at least 3-4 months to have good bone quality to place an implant with an
acceptable primary stability (7-9). But is surgical resection always needed when a radiopaque lesion occurs?

First, understanding its nature is the most crucial thing when a radiopaque lesion is found during the
radiographical investigation. Radiologists play a vital role in identifying and diagnosing mandibular and maxilla lesions.
CBCT is the gold standard imaging modality to detect information about the characteristics of the lesions and their
anatomical boundaries in the maxillofacial district (10).

The relationship of densely sclerotic lesions to adjacent teeth and cortical bone and the assessment of lesion
margins often allows the clinician to arrive at a single diagnosis. Moreover, a final diagnosis can frequently be made to
assess extragnathic bone findings when these lesions occur as a systematic disorder sign (11, 12). Usually, a radiopaque
lesion can be described as a densely sclerotic, ground glass, or mixed lytic-sclerotic, with each category representing
different lesions that can help in differential diagnosis. This is a general guide to the diagnostic process, as many lesions
demonstrate considerable radiologic variability (11).

Similar clinical and radiographical manifestations can be seen when densely sclerotic lesions occur. They are usually

benign with a homogeneous radiopaque pattern, and among these, we can find:

- Idiopathic osteosclerosis (10) can be described as a well-defined, more radiopaque area in cancellous bone and
can be associated or not to dental elements; when associated with teeth, it can be found in the periapical or
interradicular region, especially lower molars. The lesion can present an irregular or rounded shape, measuring
from 1 to 3-4 mm. Its etiology is unknown; inflammation or trauma should be considered. Normally, lesions do
not grow in size but decrease. Patients do not show symptoms or clinical signs. No biopsy is needed, and the
diagnosis is based on radiological presentation (6, 11).

- Condensing osteitis (CO) is a radiopaque asymptomatic lesion usually localized in the posterior region of the
mandible in the root region of the tooth. Its etiology is linked to a persistent apical infection due to tooth bacterial
invasion or bone exposure to necrotic substances such as the material used for root canal treatment. The necrosis
of surrounding soft and periodontal tissue near the root can lead to bone remodeling with excess bone matrix
deposition, resulting in a more dense bone area (13, 14).

- Cemento-Osseus-Dysplasia (COD) describes a spectrum of idiopathic odontogenic fibro-osseous lesions in
which a mixture of cementum, bone, and fibrous connective tissue replaces normal bone. There are subtypes
based on the affected region and diffusion: periapical, focal, or florid. Periapical COD is usually described
adjacent to the roots of vital teeth in the anterior sextant of the mandible. Focal COD occurs away from the
periapical region, in the posterior jaw. Florid COD shows multifocal lesions affecting multiple regions of the
mouth. COD has a strong female predilection in the 4th and 5th decades of life. A narrow radiolucent halo at
imaging distinguishes COD from condensing osteitis and idiopathic osteosclerosis. However, at early stages,
COD can be confused for a periapical inflammatory lesion (11, 15, 16).

MATERIALS AND METHODS

Literature research has been performed, including PubMed, Google Scholar, and Scopus databases typing the same
research string adapted according to their respective advanced research criteria: “Radiopaque Lesions OR Hyperdense
Jaws Lesions OR Cemento-Osseus Dysplasia OR ldiopathic Osteosclerosis OR Condensing Osteitis AND Dental
Implant”. A total of 114 scientific articles were found.

The inclusion criteria were case reports, case series, or RCTs related to human cases of dental implant placement in
hyperdense bone areas.

The exclusion criteria were: studies containing keywords but not relevant to the research topic, articles that included
radiopaque odontogenic tumors such as odontoma, cementoblastoma, osteoid osteoma, articles that did not include a
description of clinical cases of dental implants placement in the lesion area, articles not available in full-text, articles not
available in English. According to these criteria, only 8 articles were included in this review.
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RESULTS

A total of 114 articles was found published from 1991 to 2021 (30 on PubMed, 67 on Google Scholar, and 17 on
Scopus, respectively): doubles, articles that did not include description of clinical cases and articles not written in English
were excluded for a total of 94 remanent studies; only 8 articles were electable for this review published from 2018 to
2021. Among these, 6 reported cases of Florid-Cemento-Osseus-Dysplasia (FCOD) and two reported Condensing Osteitis
(CO). In 2 articles, dental implant placement was scheduled without involving the radiopaque mass, and the first decided
to perform the lesion removal plus Guided Bone Regeneration (GBR) before implant surgery at 6 months with a follow-
up of 18 months after function (3, 13). Algahtani et al. reported a dental basal implant placement in a CO lesion after the
tooth extraction; no follow-up is available (17, 18). All the remaining articles reported cases of dental implant placement
directly in the radiopaque areas, and only 4 of these (19-22) reported respectively 2, 8, and 16 years of follow-up after
surgery and a case of osteomyelitis after surgery. The most recent study reported a case of dental implant placement in
the radiopaque lesion describing a new 3-step surgery protocol (23).

DISCUSSION

The management of radiopaque lesions is always confusing and unclear for the clinician. The studies included
in this mini-review reported different approaches. Treatment of this kind of lesion is often “wait and see”, avoiding the
removal when there are no evident signs or symptoms. The avascular nature of these lesions is often related to a major
risk of bone infection, resulting in necrosis and osteomyelitis (20). Implant placement in these areas is rarely performed
because the lack of vessels and marrow bone could lead to unsuccessful osseointegration. The exposure of lesion tissue
during extraction of the involved tooth or lesion removal or implant bed preparation could lead to a bacterial invasion
and, consequently, osteomyelitis (21). According to the articles included in this mini-review, the management could be
differentiated into:

- amore conservative approach, which provides the dental implant placement in a safe area near the radiopaque

mass without involving it,

- asecond option is not removing the lesion and placing the dental implant directly into the radiopaque mass,

- and finally, a more invasive approach that removes the entire lesion and, if necessary, a GBR before implant

placement.

Esfahanizadeh et al. (3) describe a case of dental implant placement near a hyperdense bone area of the mandible
identified as a Florid-Cemento-Osseus-Dysplasia (FCOD). In this case, Esfahanizadeh et al. decided to perform dental
implant insertion without removing the FCOD lesion: two dental implants were placed respectively on the mesial and the
distal edge of the lesion. Orthopantomography was taken at 12 and 18 months after surgery. The other studies describe
two cases of Condensing Osteitis (CO) associated with erupted teeth. Rass et al. (13) opted for a less conservative surgery:
the mandibular left second molar (4.5) was extracted together with the CO lesion, and the wide bone defect was treated
with a Guided Bone Regeneration using a bone graft and a resorbable membrane; two dental implants were placed after
6 months, and no follow-up controls were available. Algahtani et al. (17) reported a case of CO associated with a first
mandibular molar in which the involved tooth was extracted to immediately place a basal implant without removing the
radiopaque lesion.

In all these studies, clinicians opted not to involve the radiopaque mass during dental implant insertion. This choice
can be explained by the results shown by other studies, such as Gerlach et al. (24), in which implant failure is reported
following implant placement in patients with FCOD: patients returned with swelling, pain, and implant mobility after
only 26 months of function. The FCOD lesion was grown and involved all the surrounding implant bone. The moving
implant and lesion were removed, followed by histological exams that confirmed FCOD diagnosis.

Another approach could involve the removal of the lesion before the implantation procedure: the surgical procedure
is recommended for those patients with pain, swelling, and deformities; otherwise, no treatment is required since these
lesions usually remain non-aggressive (4, 11). Moreover, when surgical removal is performed, the avascular nature of the
lesion contributes to susceptibility to severe infection, bone sequestration, and osteomyelitis (25), which do not lead to
adequate bone healing. In addition, after the surgical removal, a GBR with bone graft and membrane is often needed to
replace the absent bone volume. Algahtani et al. (13) show how this procedure may lead to a successful implant placement
after 6 months, but sadly, there is no further information about follow-up and survival after function.

A more conservative approach includes no treatment for the radiopagque mass and implant placement in the adjacent
area, even very close to the lesion (3, 17). Esfahanizadeh et al. (3) show an 18-month follow-up in a patient with FCOD
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where two implants were placed mesially and distally to the lesion without invading it. A contralateral edentulous area
where the same lesion was spotted was not treated because a similar implant placement could not be performed without
involving the radiopaque mass. Algahtani et al. (17) show even immediate implant placement without removing the lesion,
but unfortunately, there is no follow-up.

Other studies show dental implant placement involving the affected bone area: Adnot et al. (19) described a dental
implant placement in an affected bone area after ostectomy treatment to adjust crestal edges. The authors showed perfect
dental implant integration after 2 years of follow-up. They underlined specific recommendations during surgical and
prosthetic procedures, such as drilling under abundant irrigation and delayed implant loading till dental implant
osseointegration is obtained. Perez et al. (23) describe how to manage safe dental implant placement in COD lesions
instead. The first step includes a drilling sequence under abundant irrigation, rinsing with betadine, hermetic wound
closure, and a prescription of antibiotic therapy. The second step includes dental implant placement after 3 weeks. The
third and last step includes the insertion of the healing abutment ed during the drilling sequence; this risk is higher in
COD lesions made of avascular tissue. Moreover, delaying implant placement helps reduce dental implant surface
contamination, placing the implant after 3 weeks during proliferative after 3 months.

The biological rationale of this protocol is to reduce bone necrosis risk due to the high-temperature reach phase with
woven bone and fibrous matrix formation. Shadid et al. (20) show a case of dental implant placement in an FCOD lesion
with 8 years of follow-up: classic 2-stage surgery was performed by placing implants directly in the hyperdense tissue.
The patient underwent radiographic controls immediately after surgery, after one year, and every 2 years; after 8 years,
dental implants showed perfect integration without bone problems. The FCOD lesion was not removed because it was
asymptomatic, and it would be difficult for the clinician to discern healthy tissue from diseased tissue with the necessity
of bone-guided regeneration after removal. Otherwise, FCOD lesions are made of tissue with poor vessel presence, which
could lead to poor healing and osteointegration process, risk of infection, and risk of bone fracture, depending on their
dimensions.

When the clinician decides to preserve the lesion, it is important to insert the patient in a maintenance protocol of
hygiene and radiographic exams to highlight any changes. Park et al. (21) reported the longest follow-up of a dental
implant placed into an FCOD lesion. After 16 years, implants were removed due to periimplantitis, and a micro-CT
analysis was performed. The histological investigation showed how FCOD tissue is similar to dense bone, with no gap
between the implant and FCOD tissue with good direct contact, no soft tissue interposition, and no blood vessels. The
conclusions of this study led the clinicians to affirm that dental implant placement in FCOD tissue could be performed
after endodontic and periodontal infection resolution and after complete calcification of the FCOD lesion, delaying
surgery in the late stages of lesion maturation. On the other hand, Shin et al. (22) showed all the complications of placing
dental implants directly into the avascular lesion: a case of osteomyelitis after dental implant placement due to drilling
sequence without good cooling plus lack of blood vessels, which led to bone necrosis.

CONCLUSIONS

Implant placement in the jawbone area in which radiopaque masses are spotted can be performed following a
conservative surgical procedure without consequences. When the radiopaque mass is not invaded, implant success can be
reached normally. For those benign lesions, no treatment is required unless the patient complains symptoms such as pain
and swelling or facial deformities. Implant placement directly into the radiopaque area is possible but not risk-free. A
good drilling protocol with abundant irrigation is required in order to prevent bone necrosis as well as delaying implant
loading when osteointegration is reached totally. Once diagnosis is cleared follow-up with regular radiographic exams is
needed to control any possible modifications. Further studies are necessary in order to understand how to manage these
cases, how to improve and facilitate differential diagnosis and how to ease implant placement even when radiopaque
masses are present.
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