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ABSTRACT

Currently, implant failures are mainly due to overload and bacterial infection of the peri-implant tissues. The
internal conical implant-abutment connection is mechanically more stable and tight compared to flat-to-flat connections or
tube-in-tube connections and is able to provide a better seal. The aim of this paper was to evaluate, with X-ray 3-D
microtomography, cone morse implant-abutment contact surfaces before and after cyclic loading. A total of 10 implants
were used in this in vitro study. The implants presented a screw-retained cone morse taper that was internally connected.
No statistically significant differences were found in the dimension of the microgap before and after cyclic loading (P=
0.17). In all cone morse connection samples, no abutment-fixture movement was recordable. In conclusion, the cone
morse taper internal connection can resist cyclic load without creating spaces between the abutment and implant.

KEYWORDS: crestal bone remodeling micro gap, bacterial leakage, implant-abutment connections, X-ray
microtomography

INTRODUCTION

Dental implant systems using screw-retained abutments have been clinically used for many decades, and their
long-term success is well documented (1-3). A problem associated with this type of implant-abutment connection is the
loosening and the screws fracturing. Screw loosening could be also an indication of an inadequate biomechanical design
of the prosthetic reconstructions and/or occlusal overloading. It has also been reported that, with screw-retained abutments,
the abutment loosening occurs frequently (4, 5).

Loosened abutment screws and prosthesis screws are often found at yearly clinical examinations. Loosened
screws may cause costly complications, such as screws and framework fractures (6). The problem of the micro gap between
the implant and abutment is biological and mechanic. The biological issue is related to the presence of bacteria that have been
found in the apical portion of the abutment screw (7, 8), and this fact, in vivo, could produce a bacterial reservoir that could
interfere with the long-term health of the peri-implant tissues (8-32). The mechanical problem of the micro gap is related to
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micromovements and possible loosening or fracture of screw-retained abutments (33-36). The internal conical implant-
abutment connection is mechanically more stable and tight than flat-to-flat connections or tube-in-tube connections(17, 37)
and able to provide a better seal (14-16, 25-27).

The aim of this paper was to evaluate, with X-ray 3-D microtomography, cone morse implant-abutment contact
surfaces before and after cyclic load.

MATERIALS AND METHODS

A total of 10 4 mm x 13 mm implants were used in this in vitro study (Isomed, DUE CARRARE (PD), Italy).
The implants presented a screwed connection with a cone morse interface. All abutments were coupled according to the
recommended torque values.

Specimen processing

Each sample underwent five X-ray microtomography consecutive acquisitions by Skyscan 1072 (SkyScan,
Kartuizersweg 3B, 2550 Kontich, Belgium) to measure implant-abutment contact areas and to detect the possible presence
of microgaps over and along the whole interface. This innovative investigation technique has made it possible to assess
the perfection of connection sealing in a non-destructive, non-invasive, and three-dimensional way (11, 12). All implants
have been resin-embedded vertically to avoid motion artifacts within a cylinder-shaped mold. The same acquisition
parameters adopted for all samples are as follows:
1. rotation step=0.45°,
2. total rotation angle = 180°,
3. power source 100 KV/98 micro A,
4. filter thickness Imm (Al)
5. magnification at x30 and cross-section pixel size of 9.77mm.

All images obtained have been processed by a dedicated reconstruction software (CTan), able to reproduce the
exact 3D model of each examined implant.

Mechanical test

The samples were fixed by an acrylic self-curing resin to the aluminum sample holder with the major axis
perpendicular to the shelf.

The loading force was applied to the abutment. The customized jig was designed to hold the implant, and the
distance was 3 mm from the implant platform to the exposed position of the implant. The distance of 3 mm was chosen
to represent the worst case in bone retraction (38, 39). The load was applied to the abutment at an angle of 30°C, and the
distance was 11 mm from the center of the hemisphere to the exposed position of the implant. Then, each sample was
loaded in a cyclic loading mode with a Lloyd 30K universal testing machine (Lloyd Instruments Ltd, Segensworth, UK),
which controls the 20-200 N/cm cyclic loading in an Hsine shape at 4 Hz for 6x108 cycles (ISO/DIS 1480) (39). The
cyclic load application was investigated in each sample by evaluating the presence or absence of abutment mobility with
respect to the fixture. The samples were removed from the aluminum blocks and observed by X-ray microtomography
consecutive acquisitions by Skyscan 1072 (SkyScan, Kartuizersweg 3B, 2550 Kontich, Belgium). To measure the
implant-abutment interface, the presence of microgaps over and along the whole interface.

Statistical evaluation

The size of the micro-gap, expressed as a mean +/- standard deviation, was evaluated using the Analysis of Variance
(ANOVA). Statistical significance was set at p< 0.05. Data treatment and statistical analysis were done using Excel, Origin,
and SPSS software.

RESULTS

Implants before cyclic load

There was no detectable separation at the implant/abutment in the area of the conical connection, and it showed
an absolute congruity with a 2-3 micron (mean 2.5 + 0.1 um) of microgaps between abutment and implant. No line was
visible separating the implant and the abutment. The area of the conical connection had an extension of 3.5 + 0.1 um. In
a few areas, gaps were present.
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Implants after cyclic load
After applying a dynamic load, there was no evidence at a macroscopic level of mechanical failure referred to
the interfaces between abutments and fixtures. In all samples, moreover, no abutment-fixture movement was recordable.
There was no detectable separation at the implant/abutment in the area of the conical connection, and it showed
an absolute congruity with a 2-3 micron (mean 2.5 + 0.1 um) of the micro gap between abutment and implant (Fig. 1a,
b).

Fig. 1. Micro-CT pictures of the marginal fit of interface implant-abutment after cyclic load. A microgap was detected
before (A) and after cyclic load (B).

Statistical evaluation
No statistically significant differences were found in the dimension of the microgap before and after cyclic
loading (P=0.17).

DISCUSSION

In this study, during the cone morse assemblies, a very small micro gap was found before and after undergoing
6x10° loading cycles; this corresponds to approximately 6 years of in vivo function (38, 39). After applying the cyclic
load to the cone morse abutment, the interface implant abutment showed an absolute congruity with 2.6 microns of micro
gaps. There was no significant difference between the before and after a cyclic load. The quality of the surface machining
of the conical abutment surfaces probably determined the resistance of the abutment interface. The structural geometric
design of the implant connection has also been mentioned as a differential condition for maintaining stability at the
implant/prosthesis interface. Cyclic loading of the implant-prosthesis assembly induces micromotion of the joint
components, which could wear down the microscopically rough areas of the contacted surfaces, contributing to screw
loosening by decreasing the preload. Many aspects guide the operator through choosing one implant system over another,
and there are several connection designs between the implant and the abutment. An implant system with overlapping
implant and abutment mating parts is known as a morse taper and represents an alternative to internal or external hexagon
connection designs (40).

Conical interfaces (also called tapered interfaces), such as cone morse and locking cone systems, have shown a
good fit between the implant and abutment (41, 42), which could, in principle, help avoid bacterial penetration. Many
studies present results about bacterial penetration through the implant-abutment microgap, showing several degrees of
colonization (43).

Conical morse taper connections have been shown to be more tight and stable from a biomechanical point of
view than flat-to-flat connections (17). In all cone morse connection samples, no abutment-fixture movement was
recordable.

In conclusion, the cone morse taper internal connection can resist cyclic load without creating spaces between
the abutment and the implant.
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ABSTRACT

Titanium (Ti) is the most widely used material for dental, orthopedic, and maxillofacial applications because of
its excellent biocompatibility and mechanical properties. Several studies have suggested that implant anchorage to bone
and soft tissue can be modulated by surface characteristics. Therefore, we studied how titanium can induce osteoblast
differentiation in stem cells derived from dental pulp by measuring the expression levels of bone-related genes and stem
cell markers using real-time polymerase chain reaction. The results demonstrated that the upregulation of SP7 and
MMP12 enhanced differentiation via the activation of stem cells. Titanium disks facilitate implant integration and promote
cell activation.

KEYWORDS: titanium, disks, osteoblasts, gene, expression
INTRODUCTION

Titanium implants are renowned for their biocompatibility, which allows osseointegration, the direct structural
and functional connection between the implant and the surrounding bone tissue. Additionally, titanium exhibits excellent
corrosion resistance, ensuring long-term stability and durability of dental implants in the oral environment. Moreover, the
mechanical properties of titanium, including its high strength make it an ideal material for dental implantation (1-3).

Titanium dental implants are used in various clinical scenarios, including single-tooth replacement, multiple-
tooth restorations, and full-arch rehabilitation. They offer predictable outcomes and provide patients with functional and
aesthetically pleasing solutions for missing teeth. Titanium implants are compatible with various prosthetic options
ranging from single crowns to fixed bridges and implant-supported overdentures (4, 5).

Titanium dental implants offer several advantages, including high success rates, excellent long-term stability,
and minimal invasiveness during placement. Their biocompatibility ensures a favorable tissue response, facilitates
osseointegration, and promotes long-term implant survival. Titanium implants also provide clinicians with versatility in
treatment planning, thereby enabling tailored solutions to meet individual patient needs (6, 7).

Titanium has revolutionized modern dentistry owing to its unique properties and versatile applications. This
light, strong, and biocompatible metal is currently the material of choice for dental implants, prosthetics, and other dental
devices. Its ability to bond with bone (osseointegration) and corrosion resistance make it an ideal material for long-term
dental applications (2, 8).
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Titanium, particularly in its commercially pure form (cpTi) and titanium alloys, exhibits several properties that
make it highly suitable for dental applications. Titanium is non-toxic and not rejected by the body, which minimizes the
risk of adverse reactions and ensures patient safety.

Titanium dental implants have a high success rate, often exceeding 95%, which makes them a reliable choice for
tooth replacement. The ability of titanium to integrate with the bone and tissue reduces discomfort and provides a natural
look and feel, enhancing patient satisfaction. Ti can be tailored for various dental needs, from small orthodontic wires to
robust implant posts, catering to a wide range of treatments (9, 10).

Integrating Ti with stem cell technology has led to innovative solutions in several medical fields (11-13). For
this reason, we studied how titanium can induce osteoblast differentiation in stem cells derived from dental pulp (DPSCs)
by measuring the expression levels of bone-related genes and mesenchymal stem cell markers by real-time RT-PCR. In
addition, we investigated the same gene in the well-known cell line TE85. TE8S5 cells, derived from a human osteosarcoma
cell line, are widely used in bone biology, cancer biology, and cell signaling pathways research.

MATERIALS AND METHODS

Dental Pulp Stem Cells (DPSCs) Isolation

Dental pulp was extracted from the third molars of healthy subjects and digested for 1 h at 37°C in a solution
containing 1 mg/ml collagenase type I and 1 mg/ml dispase, dissolved in phosphate-buffered saline (PBS) supplemented
with 100 U/ml penicillin, 100 pg/ml streptomycin, and 500 pg/ml clarithromycin. The solution was then filtered using 70
pum Falcon strainers (Sigma Aldrich, St Louis, Mo, U.S.A.) to separate mesenchymal stem cells from fibroblasts. 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 flasks were incubated at 37 °C and 5% CO», and the medium was changed
twice per week.

DPSCs 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. (14).

TES85 cell culture

TES8S osteosarcoma cell lines were cultured in sterile wells containing DMEM supplemented with 10% FBS and
antibiotics (penicillin 100 U/ml and streptomycin 100 pg/ml). Cultures were maintained in a 5% CO, humidified
atmosphere at 37°C.

Cell treatment

DPSCs and TE85 were seeded at a concentration of 1.0 x 10° cells/ml on titanium disks in 9 cm? (3 ml) wells
containing DMEM supplemented with 10% serum and antibiotics. Another set of wells containing untreated cells was
used as 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.

RNA isolation, reverse transcription, and quantitative real-time RT-PCR

According to the manufacturer's instructions, total RNA was isolated from the cells using RNeasy Mini Kit
(Qiagen, Hilden, Germany). The pure RNA was quantified using a NanoDrop 2000 spectrophotometer (Thermo Fisher
Scientific, Wilmington, DE, USA).

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 qPCRBIO SY Green
Mix Lo-ROX (PCR Biosystems, Ltd., London, UK), 400 nM of each primer, and cDNA.

Sigma Aldrich purchased custom primers belonging to the “extracellular matrix, adhesion molecule” pathway,
“osteoblast differentiation” pathway, and “inflammation” pathway. Table I lists the selected genes grouped by functional
pathways.
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Table 1. Selected genes used in Real Time PCR grouped by functional pathway.

Pathway Gene
Osteoblast differentiation SPP1 (Osteopontin)
SPARC (Osteonectin)

RUNX2 (Runt-related transcription factor 2)
ALP (Alkaline phospatasi)

BGLAP (Osteocalcin)

FOSL1 (FOS-like antigen 1)

SP7 (Osterix)

ENG (Endoglin)
Extracellular matrix, adhesion | COL1A1 (Collagen type I alphal)
molecule COL3AL1 (Collagen, type III, alpha 1)

MMP7 (Matrix Metallopeptidase 7)
MMP12 (Matrix Metallopeptidase 12)

Inflammation IL1a (Interleukin 1 Alpha)
IL1R (Interleukin 1 Receptor Type 1)
Reference gene RPL13 (Ribosomal protein L13)

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 gene expression levels were normalized to the expression of the reference gene (RPL13) and expressed as
fold changes relative to the expression in untreated cells. Quantification was performed using the delta-delta Ct method
(10).

RESULTS

The DPCSs 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).

Titanium treatment in DPSCs was analyzed using quantitative real-time PCR after 24 h and 4 days of treatment,
and the expression levels of osteoblast-related genes, extracellular matrix, and inflammation pathways were measured.
Tables Il and 111 report the significant fold changes obtained after 24 h and 4 days, respectively, for each cell type (DPSCs
and TES85).

Significantly upregulated genes showed > 2-fold change in expression (P value < 0.05), while significantly
downregulated genes showed < 0.5 -fold change in expression (P value < 0.05). After 24 h of treatment, SP7, MMP7,
MMP12, and IL1a were strongly upregulated in DPSCs (Table I1). MMP7 and MMP 12 levels decreased after four days.
SP7, MMP7, and MMP12 were overexpressed (Table I11).
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a b
c d

Fig. 1. DPCSs by indirect immunofluorescence (Rhodamine). Immunofluorescence staining of vimentin (a), mesenchymal
stem cell marker CD73 (b), CD90 (c), and hematopoietic markers CD34 (d). Nuclei were stained with DAPI. Original

magnification x40.

Table II. Gene expression in DPSCs after 24h and 4 days of treatment. Numbers express the fold changes of the de-
regulated genes in treated cells vs. untreated cells. ND — not determined. In bold significant gene expression level.

Gene 24 h 4 days
SPP1 nd nd
SPARC 0.8 0.6
RUNX2 0.7 0.7
ALP 0.7 0.3
BGLAP nd nd
FOSL1 nd 0.7
SP7 83 0.9
ENG 0.8 1.2
COL1A1 0.4 0.5
COL3Al1 0.9 0.8
MMP7 15.8 3.1
MMP12 6.8 2
ILle 7.3 1.2
IL1R 0.7 0.7
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Table II1. Gene expression in TE85 after 24h and 4 days of treatment. Numbers express the fold changes of the
de-regulated genes in treated cells vs. untreated cells. ND — not determined. In bold significant gene expression level.

Gene 24 h 4 days
SPP1 0,59 0,86
SPARC 0,61 1,6
RUNX2 0,45 1,07
ALP 0,54 1,27
BGLAP nd nd
FOSL1 0,6 1
SP7 9,5 0
ENG 0,8 1,3
COL1A1 0,43 1,43
COL3A1 0,3 0,8
MMP7 7,3 0,5
MMP12 7,1 1,1
IL1a 1,4 1,8
IL1IR 0,4 0,7

DISCUSSION

Since SP7 and MMP12 were upregulated after 24 h and 4 days, respectively, these genes seem to play a
prominent role in the titanium-cell interaction.

SP7, also known as osterix, is a zinc-finger-containing transcription factor that plays a critical role in bone
formation and osteoblast differentiation (15). Identified as a key regulator of the genetic network controlling osteogenesis,
SP7 functions downstream of RUNX2, which is another essential transcription factor in bone development. The study of
SP7 is vital for understanding the molecular mechanisms underlying bone formation, maintenance of bone health, and
the pathogenesis of bone-related diseases (16).

SP7 is indispensable for osteoblast differentiation and bone formation. It acts primarily by binding to specific
promoter regions of osteoblast-related genes, thereby activating their transcription. Key target genes include those
encoding bone matrix proteins, such as collagen type I, osteocalcin, and bone sialoprotein, which are essential components
of the extracellular matrix in the bone (15).

During skeletal development, SP7 expression was first detected in pre-osteoblasts and continues in mature
osteoblasts, highlighting its role throughout the osteogenic lineage. The absence of SP7 results in a complete lack of bone
formation, as observed in SP7 knockout mice, which exhibit severe skeletal defects and perinatal lethality. This
underscores SP7’s essential role in the transition of mesenchymal stem cells into fully differentiated osteoblasts.

In addition to its role in osteoblasts, SP7 influences the differentiation of chondrocytes, which are responsible
for cartilage formation. Although primarily known for its osteogenic functions, emerging evidence suggests that SP7 may
play a role in regulating the balance between osteogenesis and chondrogenesis, which is crucial for endochondral
ossification, the process by which long bones are formed (17).

Given its pivotal role in bone formation, mutations in or dysregulation of SP7 have been associated with various
bone disorders. Osteogenesis imperfecta, a genetic disorder characterized by brittle bone, has been linked to mutations in
SP7. Patients with these mutations exhibit symptoms such as frequent fractures, bone deformities, and growth
deficiencies, reflecting impaired osteoblast function and bone matrix production (18).

SP7 has also been implicated in osteoporosis, a condition characterized by reduced bone mass and an increased
fracture risk. Dysregulation of SP7 expression or activity can disrupt the balance between bone formation and resorption,
contributing to the development of osteoporosis (19). Inflammatory conditions such as rheumatoid arthritis also affect
SP7 function, where chronic inflammation impairs osteoblast differentiation and activity, leading to bone erosion and
joint damage.
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Understanding SP7's role in bone biology opens new avenues for therapeutic interventions to enhance bone
formation and treat bone-related diseases. SP7 is a target for developing biomaterials and scaffolds for bone tissue
engineering in regenerative medicine. Incorporating SP7 or its modulators into scaffolds can enhance osteoblast
differentiation and bone regeneration, thereby providing effective treatment for bone defects and fractures (20). Our study
showed SP7 was up-regulated, demonstrating its important role in bone formation in implant dentistry.

Metalloproteinase 12 (MMP12), also known as macrophage elastase, is a member of the matrix
metalloproteinase (MMP) family, which consists of enzymes responsible for the degradation of extracellular matrix
(ECM) components. Macrophages primarily produce MMP12 which is notable for its ability to degrade elastin, a key
ECM protein that provides tissue elasticity. This enzyme plays a significant role in tissue remodeling, inflammation, and
various pathological conditions, including chronic obstructive pulmonary disease, atherosclerosis, and cancer.

The primary physiological role of MMP12 is the degradation and remodeling of the ECM, with a particular
affinity for elastin. This elastolytic activity is crucial for maintaining tissue elasticity and integrity, particularly in tissues
such as the lungs, skin, and blood vessels. MMP12 is involved in the turnover and repair of elastic fibers in the lungs,
contributing to normal respiratory function (21).

MMP12 is also involved in the modulation of the inflammatory response. MMP12 facilitates the migration of
immune cells to sites of injury or infection by degrading extracellular matrix components. MMP12 can process and
activate other bioactive molecules, such as cytokines and chemokines, thereby influencing the inflammatory milieu (22).

The involvement of MMP12 in various diseases makes it a potential diagnostic and prognostic biomarker.
Elevated MMP12 levels in tissues and bodily fluids can indicate disease activity and progression. Given its role in tissue
destruction and inflammation, MMP12 is an attractive therapeutic target. MMP12 inhibitors have been explored for their
potential in the treatment of diseases such as atherosclerosis and cancer. In our study, MMP12 expression was
upregulated, demonstrating its important role in bone formation in implant dentistry.

CONCLUSIONS
SP7 and MMP12 are involved in the regulation of bone formation and osteoblast differentiation. Their essential

roles in skeletal development and maintenance, combined with their involvement in various bone diseases, underscore
their importance in bone biology.

REFERENCES
1. Albrektsson T, Berglundh T, Lindhe J. Osseointegration: Historic background and current concepts. Clin.
Periodontol. Implant Dent. 2003;4(809-820.
2. Bosshardt DD, Chappuis V, Buser D. Osseointegration of titanium, titanium alloy and zirconia dental implants:
current knowledge and open questions. Periodontol 2000. 2017;73(1):22-40. doi:https://doi.org/10.1111/prd.12179
3. Esposito M, Grusovin MG, Achille H, Coulthard P, Worthington HV. Interventions for replacing missing teeth:

different times for loading dental implants. Cochrane Database Syst Rev. 2009;1):CD003878.
doi:https://doi.org/10.1002/14651858.CD003878.pub4

4. Adell R, Lekholm U, Rockler B, Branemark PI. A 15-year study of osseointegrated implants in the treatment of the
edentulous jaw. Int J Oral Surg. 1981;10(6):387-416. doi:https://doi.org/10.1016/s0300-9785(81)80077-4
5. Komiyama A, Klinge B, Hultin M. Treatment outcome of immediately loaded implants installed in edentulous jaws

following computer-assisted virtual treatment planning and flapless surgery. Clin Oral Implants Res.
2008;19(7):677-685. doi:https://doi.org/10.1111/j.1600-0501.2008.01538.x

6. Zanolla J, Amado FM, da Silva WS, Ayub B, de Almeida AL, Soares S. Success rate in implant-supported
overdenture and implant-supported fixed denture in cleft lip and palate patients. Ann Maxillofac Surg.
2016;6(2):223-227. doi:https://doi.org/10.4103/2231-0746.200338

7. Gallucci GO, Avrampou M, Taylor JC, Elpers J, Thalji G, Cooper LF. Maxillary Implant-Supported Fixed
Prosthesis: A Survey of Reviews and Key Variables for Treatment Planning. Int J Oral Maxillofac Implants.
2016;31 Suppl(s192-197. doi:https://doi.org/10.11607/jomi.16suppl.g5.3

8. Ottria L, Lauritano D, Andreasi Bassi M, et al. Mechanical, chemical and biological aspects of titanium and
titanium alloys in implant dentistry. Journal of Biological Regulators and Homeostatic Agents. 2018;32(2):81-90.
9. Rotundo R, Pagliaro U, Bendinelli E, Esposito M, Buti J. Long-term outcomes of soft tissue augmentation around

dental implants on soft and hard tissue stability: a systematic review. Clin Oral Implants Res. 2015;26 Suppl
11(123-138. doi:https://doi.org/10.1111/clr.12629

10. Thoma DS, Naenni N, Figuero E, et al. Effects of soft tissue augmentation procedures on peri-implant health or
disease: A systematic review and meta-analysis. Clin Oral Implants Res. 2018;29 Suppl 15(32-49.
doi:https://doi.org/10.1111/clr.13114

11. Insua A, Monje A, Wang HL, Miron RJ. Basis of bone metabolism around dental implants during osseointegration
and peri-implant bone loss. J Biomed Mater Res A. 2017;105(7):2075-2089.
doi:https://doi.org/10.1002/jbm.a.36060

Annals of Stomatology 2022 September-December; 2(3): 89-95 www.labpublishers.com ISSN 2975-1276


http://www.labpublishers.com/

P. Daliu et al.

95

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Pittenger MF, Mackay AM, Beck SC, et al. Multilineage potential of adult human mesenchymal stem cells. Science.
1999;284(5411):143-147. doi:https://doi.org/10.1126/science.284.5411.143

Gothberg C, Grondahl K, Omar O, Thomsen P, Slotte C. Bone and soft tissue outcomes, risk factors, and
complications of implant-supported prostheses: 5-Years RCT with different abutment types and loading protocols.
Clin Implant Dent Relat Res. 2018;20(3):313-321. doi:https://doi.org/10.1111/cid.12587

Sollazzo V, Lucchese A, Palmieri A, et al. Calcium sulfate stimulates pulp stem cells towards osteoblasts
differentiation. International Journal of Immunopathology and Pharmacology. 2011;24(2 SUPPL. 1):51S-57S.
doi:https://doi.org/10.1177/03946320110240s210

Zhu F, Friedman MS, Luo W, Woolf P, Hankenson KD. The transcription factor osterix (SP7) regulates BMP6-
induced human osteoblast differentiation. J Cell Physiol. 2012;227(6):2677-2685.
doi:https://doi.org/10.1002/jcp.23010

Coffman JA. Runx transcription factors and the developmental balance between cell proliferation and
differentiation. Cell Biol Int. 2003;27(4):315-324. doi:https://doi.org/10.1016/s1065-6995(03)00018-0

Della Bella E, Menzel U, Basoli V, Tourbier C, Alini M, Stoddart MJ. Differential Regulation of circRNA, miRNA,
and piRNA during Early Osteogenic and Chondrogenic Differentiation of Human Mesenchymal Stromal Cells.
Cells. 2020;9(2):doi:https://doi.org/10.3390/cells9020398

Sam JE, Dharmalingam M. Osteogenesis Imperfecta. Indian J Endocrinol Metab. 2017;21(6):903-908.
doi:https://doi.org/10.4103/ijem.1IJEM_220 17

Chan WCW, Tan Z, To MKT, Chan D. Regulation and Role of Transcription Factors in Osteogenesis. Int J Mol
Sci. 2021;22(11):doi:https://doi.org/10.3390/ijms22 115445

Tatullo M, Codispoti B, Paduano F, Nuzzolese M, Makeeva I. Strategic Tools in Regenerative and Translational
Dentistry. Int J Mol Sci. 2019;20(8):1879. Published 2019 Apr 16. doi:10.3390/ijms20081879

Elkington PT, Friedland JS. Matrix metalloproteinases in destructive pulmonary pathology. Thorax.
2006;61(3):259-266. doi:https://doi.org/10.1136/thx.2005.051979

Wang X, Khalil RA. Matrix Metalloproteinases, Vascular Remodeling, and Vascular Disease. Adv Pharmacol.
2018;81(241-330. doi:https://doi.org/10.1016/bs.apha.2017.08.002

Annals of Stomatology 2022 September-December; 2(3): 89-95 www.labpublishers.com ISSN 2975-1276


http://www.labpublishers.com/

Annals of

Stomatology

Case Report

GUIDED BONE REGENERATION FOR TREATING POSTERIOR
MANDIBULAR ATROPHY: A CASE REPORT OF EXCEEDING
THIN CREST

L. Tomaselli
Private practice, Bologna, Italy

Correspondence to:

Luigi Tomaselli, DDS, MS
Private practice,

Via Azzurra 26,

40138 Bologna, Italy

e-mail: gigitomaselli@gmail.com

ABSTRACT

Oral rehabilitation of mandibular atrophy involves restoring function and aesthetics to patients who have
experienced significant bone loss. This condition, often resulting from tooth loss, aging, or systemic diseases, presents
challenges for dental practitioners. Effective rehabilitation requires a combination of surgical and prosthetics. In this case
report, we offered a surgical solution with bone grafts, membrane use, and insertion of dental implants in one surgical
step, improving patients' ability to chew, speak, and smile confidently.

KEYWORDS: atrophic, mandible, posterior, ridge, augmentation, onlay, graft, implants
INTRODUCTION

Oral rehabilitation of mandibular atrophy (ORMA) involves restoring function and aesthetics to patients who
have experienced significant bone loss. This condition, often resulting from tooth loss, aging, or systemic diseases,
presents challenges for dental practitioners. Effective rehabilitation requires a combination of surgical, prosthetic, and
sometimes regenerative techniques to ensure successful outcomes (1-2).

Mandibular atrophy is the progressive resorption and loss of alveolar bone in the lower jaw. This condition can
lead to several complications, such as reduced bone volume (a significant decrease in bone height and width, complicating
the placement of dental implants) and changes in jaw shape and structure that can affect facial aesthetics and function.
Finally, due to lack of support, mandibular atrophy can lead to functional impairment, such as difficulty in chewing,
speaking, and maintaining oral prostheses (3).

The etiology of mandibular atrophy is mainly related to tooth loss. Other conditions could be systemic diseases
and periodontitis. Tooth loss is the most common cause, where loss of mechanical stimulation from teeth accelerates
bone resorption. Natural bone loss associated with aging processes can also provoke mandibular atrophy. Diseases such
as osteoporaosis can reduce bone density throughout the body, including the mandible. Chronic gum disease can lead to
the destruction of supporting bone around teeth (4).

A comprehensive diagnostic assessment is essential for planning ORMA. Evaluating the patient's oral health,
assessing soft tissue conditions, and identifying existing dental issues are crucial for planning oral rehabilitation.
Panoramic radiographs and cone-beam computed tomography (CBCT) provide detailed views of bone structure, density,
and the location of vital anatomical structures such as the mandibular nerve. Reviewing the patient’s systemic health to
identify any factors that might affect bone regeneration or surgical outcomes is mandatory.
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ORMA typically involves a multidisciplinary approach combining surgical and prosthetic interventions. Bone
augmentation can be assessed using bone grafting, guided bone regeneration (GBR), and distraction osteogenesis (5).
Bone grafts can be harvested in different ways: autogenous bone grafts (from the patient’s own body), allografts (from a
donor), xenografts (from another species), or synthetic materials. GBR is a method used for bone augmentation. GBR
uses barrier membranes to direct the growth of new bone and prevent the invasion of soft tissues into the graft site (6).
Instead, distraction osteogenesis is a process where the bone is gradually lengthened by surgically cutting the bone and
then slowly separating the two segments, allowing new bone to form in the gap (7).

Dental implants are a cornerstone of ORMA, providing stable support for prosthetic teeth. Titanium or zirconia
implants are surgically placed into the augmented bone. Accurate preoperative planning and imaging are crucial to avoid
complications, especially with the mandibular nerve. Once osseointegration is achieved, various prosthetic options can
be used, including single crowns, bridges, and full-arch prostheses (8). Prosthetic rehabilitation involves designing and
fitting dental prostheses to restore function and aesthetics. Partial or complete dentures are often used when bone
augmentation is not feasible or as an interim solution before implant placement. Implant-supported crowns and bridges
permanently fixed in the mouth provide a more stable and natural-feeling solution than removable prostheses.

ORMA requires a patient-centered approach. ORMA must be tailored to the specific needs, anatomy, and health
conditions of each patient, and the procedures, benefits, risks, and maintenance requirements of the prosthetic solutions
must be understood. Regular monitoring and maintenance are needed to ensure the longevity and functionality of implants
and prostheses. A case of exceeding atrophy of the posterior mandible is described here, treated in one surgical step using
fixtures, heterologous mixed with autologous bone and covered with a non-resorbable-reinforced membrane.

CASE REPORT

A 58-year-old female presented to the dental office with complaints, including chewing difficulty and aesthetic
dissatisfaction, owing to the absence of dental elements. The anamnesis revealed a frustrated rehabilitation attempt
approximately 10 years previously with a partial prosthesis. As time went by, bone resorption occurred. The patient
underwent a CBCT scan and orthopantomography. Clinical and radiographic examinations revealed severe mandibular
atrophy (Fig. 1).

Fig. 1. Endo-oral photos showing posterior partial edentulous mandible and an exceeding thin ridge.

Rehabilitative surgical treatment was planned and assessed using 50% heterologous/autologous bone, reinforced
membrane, and insertion of the implants in both the edentulous areas to achieve bone height and avoid mandibular fracture
(Fig. 2-5).

Y

-
Fig. 2. Mandibular posterior crest after detachment Fig. 3. Insertion of dental implants covered with

of mucosa and periosteum. The residual mandibular 50% heterologous/autologous bone and reinforced
ridge appears very thin. membrane.
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Fig. 4. Lateral view of reinforced membrane Fig. 5. Occlusal view of two reinforced membranes
stabilized with mini screws both in the lingual and stabilized with mini screws.
vestibular side.
Finally, the soft tissues were removed by horizontal cutting in the periosteum to reach an elongation and a passive
repositioning of flaps and then sutured (Fig. 6).

Fig. 6. The mucous membrane is tight sutured at the end of surgery.

The postoperative medication protocol consisted of antibiotics (amoxicillin 500 mg every 8 hours for 7 days),
corticosteroids (dexamethasone 4mg every 12 hours for 3 days), anti-inflammatory and analgesic drug (ibuprofen 600 mg
every 12 hours for 5 days), for treatment of pain or swelling. During the postoperative period, the patient reported mild-
to-moderate pain for the first few days, with no progression of the condition. After 10 postoperative days, the sutures
were removed (Fig. 7). Six months after surgery, the oral mucosa appeared healed (Fig. 8).

Fig. 7. Removal of stitches 10 days after surgery. The Fig. 8. Clinical appearance of the mandibular mucosa 6
mucosa appears perfectly healed. months after surgery. Note the reduced quantity of
keratinized gingival on the top of aveolar ridge.

Once the mucosa was healed, a fornix lengthening was performed by doing a sovra-periosteal flap and stretching
the mobile gingiva in the lower part of the vestibule. Then, keratinized mucosa was collected from the palate and grafted

bilaterally on the regenerated alveolar crest (Fig. 9-11).
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Fig. 9. Deepening of the vestibular and lingual Fig. 10. Palatal dome where keratinized mucosa was
fornix by doing a sovra-periosteam flap sutured on collected.
lower part of vestibular and lingual ridge.

Fig. 11. Keratinized mucosa bilaterally sutured on alveolar ridge.

Two months later, the implants showed a good amount of alveolar bone (Fig. 12). The good quality of mucosa
obtained by the augmentation done two months before was sutured around healing pillars. The sequence of soft tissue
augmentation is visible in Fig. 13.

Fig. 12. Comparison of bone dimension between pre- and 6 months post-regenerative procedure of posterior alveolar
ridge.
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Fig. 13. Comparison of soft tissue dimension between pre- and 2 months post-grafting procedure of posterior alveolar
ridge (soft tissue).

Then implants were prosthetically rehabilitated after one month of soft tissue healing around screws (Fig. 14).
The follow up was uneventfully 3 years post-finalization of the case (Fig. 15, 16).

Fig. 14. Peri-implant soft tissue healing at the time of digital impression.
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Fig. 15. Crown #34-35-36. Fig. 16. Crown #44-45-46.

DISCUSSION

ORMA presents a significant challenge in modern dentistry. When severe atrophy makes the jaw unsuitable for
dental implant placement, ORMA is necessary for replacing missing teeth.

Causes of mandibular atrophy could be tooth loss, trauma, denture wear, and periodontal disease. When teeth
are extracted, the alveolar bone no longer receives the stimulation necessary to maintain its dimension, leading to gradual
resorption of the bone over time. Fractures or injuries to the jaw can disrupt bone growth and healing, leading to localized
atrophy. IlI-fitting dentures can put excessive pressure on the jawbone, accelerating resorption. Severe gum disease can
damage the alveolar bone, contributing to atrophy. Certain medical conditions and medications can also contribute to
bone loss in the jaw.

Consequences of mandibular atrophy are difficulty chewing, facial collapse, speech impediments, and social and
psychological impact. Reduced jawbone volume can weaken the bite force, making it difficult to chew certain foods.
Atrophy can alter facial contours, leading to a sunken appearance. Changes in jaw structure can affect speech patterns.
The consequences can significantly impact a patient's quality of life and self-esteem.

Bone grafting offers a viable solution for restoring bone volume and enabling dental implant placement. The
procedure involves transplanting bone tissue to the atrophied site, stimulating new bone growth, and creating a strong
foundation for implants (9). However, bone block grafts require a second surgical field to be collected, which augments
the operation time and surgical risks. Consequently, today GBR is the most used surgical technique.

From a general point of view, there are three main types of bone graft materials used: autogenous bone graft
(from the patient’s own body), allograft (from a donor), and xenograft (from another species). Autogenous bone graft
involves harvesting bone from another location in the patient's body, typically the chin, hip, or iliac crest. It offers the
advantage of optimal biocompatibility and vascularization. Allograft bone utilizes bone tissue donated from a cadaver.
Allografts are readily available and require minimal donor site morbidity but carry a small risk of disease transmission.
Xenograft uses bone tissue derived from animals, most commonly cows. Xenografts are readily available and require no
additional surgery for harvest (10). Here a 50% mixture of heterologous/autologous bone was used with optimal bone
regeneration.

The choice of bone graft material and surgical technique depends on the severity of atrophy, the desired implant
placement, and the patient's overall health. Mandibular bone grafting procedures are typically performed under local
anesthesia on an outpatient basis. Healing time varies depending on the extent of the surgery but generally takes from 6
to 9 months. The reported case is an example that adds additional strength to this surgical technique. A rigid protocol is
mandatory to reach successful results.

CONCLUSIONS

ORMA presents a significant challenge in implant dentistry. However, GBR offers a reliable and effective
solution for restoring jawbone volume and enabling implant placement. By utilizing the appropriate graft material and
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surgical approach, dentists can create a strong foundation for successful dental implants, improving patients' ability to
chew, speak, and smile confidently.

ORMA is a complex but highly rewarding process that can significantly improve the quality of life for affected
patients. Advances in surgical techniques, bone regeneration methods, and dental implant technology have greatly
enhanced the success rates of these treatments. A multidisciplinary approach, meticulous planning, and patient-centered
care are essential for optimal functional and aesthetic outcomes.
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ABSTRACT

Solitary fibrous tumor is a rare tumor of mesenchymal origin that accounts for less than 2% of all soft tissue
masses. Head and neck sites include the oral cavity, sinonasal region, soft tissues of the neck, thyroid, parotid gland, scalp,
and larynx. Because of its rarity, developing specific diagnostic strategies and treatment planning was difficult. We report
a case of a soft tissue solitary fibrous tumor of the neck in a 50-year-old male patient, localized between the small rectus
muscle and the inferior oblique muscle of the head. We describe the diagnosis, pathological pattern, surgical treatment, and
follow-up at 3 and 5 weeks after radical surgery.

KEYWORDS: solitary fibrous tumor, sarcoma, neck, soft tissue neoplasms
INTRODUCTION

Solitary fibrous tumor is a rare tumor of mesenchymal origin that accounts for less than 2% of all soft tissue masses
(2). Initially identified in the pleura, solitary fibrous tumors has been identified in multiple anatomic locations and can arise
anywhere in the body, like extremities, abdomen, superficial trunk, head, and neck (2-4).

Head and neck sites reported in the literature include the oral cavity, sinonasal region, soft tissues of the neck, thyroid,
parotid gland, scalp, and larynx (4).

Because of the low incidence of solitary fibrous tumors, several data have been derived from small retrospective
series and cases, making it difficult to develop specific diagnostic strategies and treatment planning. An extensive list of
differential diagnoses and molecular genetic analyses must be considered to make a correct diagnosis. Solitary fibrous
tumors have recently been associated with a NAB2-STAT6 gene fusion with high specificity and sensitivity (5).

Open incisional biopsy by an experienced surgeon or a central needle biopsy is mandatory. Depending on location,
radiologically guided biopsy can be useful (6). Tumor size at presentation is highly variable and is typically related to
location. The median size is between 7-10 ¢cm, ranging from 1 to 40 cm (7-10). We report a case of a soft tissue solitary
fibrous tumor of the neck, deeply localized between the small rectus muscle and the inferior oblique muscle of the head.

MATERIALS AND METHODS
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A 50-year-old man presented a painless mass on the right side of his neck. Computed tomography (TC) scan
revealed a well-defined, ovoid mass measuring 5.63 x 5,06 cm (Fig. 1a, b). The occipital artery and the occipital nerve were
separated from the mass. Magnetic resonance imaging (MRI) revealed a mass related to the anterior border of the right
inferior oblique muscle of the head. It was T2 hyperintense and T1 isointense to the muscle, with no post-contrast
enhancement. Many blood vessels were seen within the mass. Based on these imaging findings, a borderline vascular lesion
arising from the right inferior oblique muscle of the head was suggested. Instead, fine-needle aspiration
cytology-biopsy revealed a solitary fibrous tumor.

Fig. 1. Computed tomography (TC) scan revealed a well-defined, ovoid mass; a): frontal view b): lateral view.

Surgery was performed at Careggi Hospital by a multidisciplinary team consisting of maxillofacial surgeons,
orthopedists, and neurosurgeons. The first surgical step was the incision of the skin and subcutaneous tissues (Fig. 2a), the
incision of the trapezius muscle, the Splenius capitis muscle of the neck, the semifinal muscle of the head, and the small
rectus muscle of the head. Subsequently, a blunt dissection was performed to find the mass that resulted adherent to the
inferior oblique muscle of the head and the posterior big rectus muscle (Fig. 2b). The Occipital nerve and occipital artery
were preserved. Dissection continued to the posterior arch of the atlas for complete mass removal (Fig. 2¢). It was sent to
a pathologist as a definitive exam (Fig. 2d).
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Fig. 2. a): skin incision landmarks; b): blunt dissection of the mass; c): neck region after mass removal; d): excised
mass.

The patient was re-evaluated 3 weeks after surgery at our maxillofacial surgery department (Fig. 3a, b).The
condition of the surgical wound was good. The patient reported paresthesia in the cervical and scalp region. Physiokinesis
therapy was recommended.

Fig. 3. Check-up of surgical wound after 3 weeks. a): Posterior view; b): Lateral view.
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We also reported a subsequent follow-up 5 weeks after surgery: the patient showed a good surgical wound
condition, but dysesthesia remained in the cervical and scalp region. The patient also reported a limitation in head torsion
to the right, while the remaining movements of flexion-extension and rotation were preserved (Fig. 4a).

Fig. 4. Check-up of neck movement at 5 weeks. a): Extension; b): Normal position c): Flexion.
RESULTS

Gross specimen

The well-circumscribed ovoid mass measured 7 x 6 x 5 cm and was surrounded by fibro-adipose and skeletal
muscle tissue. The lesion appeared solid and whitish on macroscopic examination and measured 4.4 x 3.8 cm (Fig. 2d).
No necrosis or soft tissue invasion was identified.

Histopathology

Microscopic examination (Fig. 5a, Fig. 5b) revealed a well-circumscribed tumor composed of spindled to ovoidal
cells with pale eosinophilic scant cytoplasm and indistinct cell borders surrounded by abundant myxoid stroma admixed
with branching and hyalinized staghorn-shaped (haemangiopericytomatous) bloodvessel. No necrotic areas were found,
and mitotic figures were rare (= 1/HPF). In view of these parameters,the age of the patient (<55 years), and the size of the
lesion (<5 cm), the neoplasm has a low risk of recurrence and distant metastases (WHO 5" ed.).

a
Fig. 5. a): hematoxylin and Eosin stain, x100 magnification; b): hematoxylin and Eosin stain, x200 magnification.
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Immunohistochemistry

Immunohistochemical (IHC) investigations showed strong and widespread cytoplasmic positivity for CD34and
a nuclear positivity for STAT6 in agreement with the diagnosis of SFT (Fig. 6a, b). The growth fraction of neoplastic
cells evaluated with Ki67 equals 2%.

Fig. 6. a): the tumor cells diffusely expressed CD34 protein. Immunohistochemistry, CD34 antibody, x200 magnification;
b): the tumor cells diffusely expressed STAT6 protein. Immunohistochemistry, STAT6 antibody, x200 magnification.

DISCUSSION

Solitary fibrous tumors are fibroblastic tumors characterized by a prominent, branching, thin-walled, dilated
(staghorn) vasculature and NAB2-STS6 gene rearrangement (12). Head and neck regions remain uncommon (18-22),
accounting for only 11% in a series of 110 SFT cases by Demicco et al. (2).

Stanisce et al. estimated that a quarter of all extra-thoracic SFTs are localized in this region (4). Solitary fibrous
tumors arising in the head and neck region are uncommon but well-recognized entities.

Davanzo et al. reported that SFT of the head and neck may originate from the sinonasal tract, oral cavity ororbit
(2). In a recent meta-analysis, the median age at presentation of SFT was 51 years, and the median tumor size inthe neck
was 5 cm (4). Recurrence (distal or local) occurs in 10-30% of SFTs, with 10-40% of recurrences reported after 5 years
(12).

According to new recent WHO Classification of Tumor 5™ Edition “Soft Tissue and Bone Tumors”, the most
widely used model for metastatic risk incorporates mitotic count (> 2 mitoses/mm? or > 4 mitoses/10 HPF) patient age
(> 55 years) and tumor size stratified by 5 cm tiers to classify tumors into a low, intermediate,and high-risk group. A
subsequent refinement includes necrosis as a fourth variable (12). Stanisce et al. found positive surgical resection margins
to be the only significant risk factor for local recurrence (4).

Lau et al. presented a myxoid SFT occurring in the soft tissue of the neck and was treated with surgical resection
alone and had no evidence of disease after 84 months of follow-up (13).

Our case was treated with surgical resection with negative margins at anatomy-pathological examination. No
necrosis or soft tissue invasion was identified. The mitotic rate was 1per 10 high-power fields. Our multidisciplinary
oncology group avoided postoperative adjuvant radiotherapy because the lesion was classified as a low-risk mass
according to WHO guidelines (15). A nuclear magnetic resonance imaging scan was recommended 3 months after the
last follow-up describedhere (5 weeks after radical surgery).

CONCLUSIONS
Literature suggests SFTs are associated with a favorable prognosis (11, 12). In conclusion, we described the

diagnosis, treatment, and follow-up at 3 and 5 weeks after radical surgery of a solitary fibrous tumor arising from the soft
tissue of the neck in a 50-year-old male patient.
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ABSTRACT

Nasal floor elevation (NFE) is a surgical procedure performed in the maxillary region to create additional space
for the successful placement of dental implants. This technique is commonly employed when there is insufficient bone
height in the sub-nasal part of the maxilla, particularly in incisors and canines. During the procedure, the nasal membrane
is lifted, and a bone graft material is placed in the resulting space between the periosteum and bone. This augmentation
enhances bone volume, providing a stable foundation for immediate placement of dental implants. The NFE procedure
aims to address limitations in bone height, ensuring that the implants can be securely anchored in the upper jaw. NFE is
often recommended for individuals who have experienced bone loss due to factors such as tooth loss, periodontal disease,
or trauma. Creating a more favorable environment for dental implant placement enables individuals to restore missing
teeth in the pre-maxilla, ultimately improving oral function and aesthetics. NFE can be combined with pre-maxilla
vestibular bone augmentation by means of guided bone regeneration. Successful integration of dental implants following
NFE contributes to long-term stability and functionality in the upper jaw. Here we describe a case, and literature is
discussed.

KEYWORDS: nasal floor, elevation, augmentation, graft, implant, fixture
INTRODUCTION

Pre-maxilla atrophy is a condition characterized by the loss of bone volume in the anterior maxillary region,
presenting a significant challenge in implant dentistry. The primary cause often stems from the loss of natural teeth,
leading to the resorption of alveolar bone in the pre-maxillary area. Chronic periodontal disease can contribute to bone
loss, affecting the stability and volume of the maxillary bone. Facial trauma, particularly in the anterior maxilla, can result
in bone loss and compromise the structure of the pre-maxillary region.

Pre-maxilla atrophy can result in facial changes and compromise facial aesthetics, impacting the patient's self-
esteem and quality of life. Insufficient bone volume poses challenges for successful dental implant placement, requiring
augmentation techniques to establish a stable foundation. Cone-beam computed tomography (CBCT) is a crucial tool for
assessing bone volume, density, and the overall condition of the pre-maxillary region.

Thorough clinical evaluation, including assessing soft tissue quality and quantity, aids in determining the extent
of pre-maxilla atrophy. Autogenous, allogeneic, or xenogeneic bone grafts may be employed to augment the pre-maxillary
region, enhancing bone volume for implant placement. Membrane barriers and growth factors may be used to facilitate
guided bone regeneration (GBR), enhancing the predictability of bone augmentation procedures.

Nasal floor elevation (NFE) via oral vestibulum is increasingly used in implant dentistry, explicitly addressing
challenges associated with inadequate bone height in the anterior maxilla (1-8). The oral vestibulum approach leverages
the anterior access point to the nasal floor. It is particularly indicated when atrophy in the pre-maxilla necessitates a
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minimally invasive yet effective means of NFE for dental implant placement. This way, fixtures are inserted bi-cortically,
getting a more stable grip on the bone. Only the implant tip emerged over the bony nasal floor and under the periosteum
in a space filled with bone grafts.

A precise incision in the oral vestibulum provides access to the pre-maxillary, minimizing soft tissue trauma.
Dissecting the periosteum is performed to access the nasal floor. The nasal membrane is gently elevated, creating a space
for bone graft material. CBCT imaging is essential for evaluating maxillary anatomy, bone density, and nerve proximity,
aiding in meticulous preoperative planning. Due to the proximity to the oral cavity, infection control is paramount. Strict
adherence to aseptic techniques and appropriate postoperative care protocols are implemented to minimize the risk of
complications. The potential for postoperative hematoma and swelling is mitigated through meticulous hemostasis and
appropriate postoperative measures.

Studies have shown promising success rates for implants placed following nasal floor elevation via the oral
vestibulum, emphasizing the procedure's effectiveness in providing a stable foundation for implant integration (1-8). The
minimally invasive nature of this technique contributes to reduced patient discomfort and faster recovery. Here, we
describe a case, and literature is discussed.

CASE REPORT

A 46-year-old man presented at our dental clinic requesting fixed oral maxillary rehabilitation. At the dental
examination, the patient showed total upper and lower edentulism. A panoramic x-ray and a CTBT scan were performed.
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. 1). Four
implants were inserted in the maxillary residual bone after NFE (Fig. 2).

Fig. 1, 2. Maxilla was skeletonized, and 4 implants were inserted in the maxillary residual crest after NFE with
heterologous bone chips.

NFE was performed with the placement of heterologous bone (Geistlich Bio-Oss®, Thiene VI, Italy) in both
nasal cavities. In addition, a horizontal GBR was performed in the pre-maxilla region using heterologous bone, reinforced
membranes, and fixed with pins (Fig. 3-5).
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Fig. 3-5. Horizontal GBR on the buccal side of pre-maxilla performed with heterologous bone and membranes fixed with

pins in both sides of the upper jaw.

Annals of Stomatology 2022 September-December; 2(3): 109-114 www.labpublishers.com ISSN 2975-1276


http://www.labpublishers.com/
https://www.google.it/maps/place/data=!4m2!3m1!1s0x4778ca001d975fb9:0xea20da43a6560aa2?sa=X&ved=1t:8290&ictx=111

L. Tomaselli 111

Finally, the mucosa was sutured (Fig. 6), and a control CTCB scan was then performed (Fig. 7, 8). The CT scan
highlights the NFE with the implants inserted into the heterologous bone (Fig. 8).

Fig. 6. The upper oral mucosa is sutured.

Fig. 7, 8. Axial and vertical sections of CT scan. The vertical section of the CT scan highlights the NFE by inserting the
implants into the heterologous bone.

Six months after surgery, the maxillary mucosa was again incised and dissected, reinforced membranes removed,
implants were uncovered by excess bone, and the healing screws screwed onto the implants (Fig. 9-12).

Fig. 11, 12. Implants were uncovered by bone excess, and healing screws were inserted into the fixtures.
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In the following month, the mucosa appeared completely healed, and the implants could be loaded for prosthetic
rehabilitation (Fig. 13-15).

Fig. 13-15. One month later, the mucosa appeared completely healed, and the implants were ready for prosthetic
rehabilitation.

DISCUSSION

Pre-maxilla bone augmentation is a critical aspect of implant dentistry, addressing challenges posed by bone
atrophy in the anterior maxillary region. Pre-maxilla bone augmentation can be obtained with bone grafting techniques
(9-12), NFE (1-8), and guided bone regeneration (13-17). Bone grafts can be autogenous (obtained from intraoral or
extraoral donor sites, provide excellent osteogenic potential for augmenting the pre-maxilla region), or xenogeneic bone
grafts (derived from animal sources) can offer alternatives for patients averse to autogenous grafts. In addition, allogeneic
and synthetic materials are used with membranes to promote bone regeneration. Incorporating growth factors, platelet-
rich plasma, and other biological adjuncts in bone grafting may accelerate healing and enhance graft integration.

Few reports regarding nasal floor augmentation (NFA) (1-8) are available. In 2012, El-Ghareeb et al. (1)
evaluated the survival and success of dental implants placed in nasally grafted maxillac with osteoconductive bone
substitutes. Six patients with entirely edentulous maxillae and inadequate height in the anterior to support implants
underwent NFA. The nasal floor was exposed intraoral and grafted with osteoconductive bone graft substitutes. Twenty-
four dental implants were placed, restored with a bar-retained implant-supported overdenture after a traditional healing
period, and followed up after prosthetic loading for 14 months.

Bone levels were quantified radiographically based on a score ranging from 1 to 3, where 3 represented the
highest bone support. Implants were evaluated for thread exposure and soft tissue health. They were considered successful
if the following criteria were met: absence of mobility, lack of symptoms, and healthy peri-implant soft tissue without
thread exposure. The implant survival rate was 100%, with no complications. Bone scores ranged from 2 to 3, with 87.5%
of implants having a score of 3 and 12.5% having a score of 2. The authors concluded that osteoconductive bone
substitutes for NFA are a reliable method for reconstructing the anterior atrophic maxilla for implant-supported
overdentures.

Mazor et al. (2) performed a retrospective study on 32 consecutive patients in the same year. All patients
presented with alveolar bone height deficiency in the anterior region, which was insufficient to place a dental implant
according to a computed tomography scan before implantation. Elevation and augmentation of the nasal mucosa were
performed simultaneously with dental implant placement. Patients received 100 implants inserted in conjunction with
NFE. The average bone addition following NFA was 3.4 £ 0.9 mm detected by CT scan. The mean follow-up time was
27.8 £ 12.4 months, and during that follow-up period, no implant failure was recorded, resulting in 100% implant survival.

In 2014, Lorean et al. (3) investigated 67 patients. Two hundred and three implants were inserted in combination
with NFE. The mean follow-up periods were 65.93 + 13.2 months. The mean bone augmentation was 3.65 + 0.9 mm with
NFE. During the follow-up period, no implants were lost, resulting in a 100% survival rate.

In 2015, Garcia-Denche et al. (4) compared implants placed in augmented bone in the anterior maxilla using the
NFE technique with implants placed in the maxillary sinus region using the sinus lift technique. A clinical trial was
performed on 14 patients receiving 78 implants. The implants were assigned to one of two study groups based on implant
location. Thirty-seven implants were placed in the nasal fossa region (NF group), and 41 implants were placed in the
maxillary sinus region (MS group). Patients were followed up for 4.5 + 2.2 years, with comparable follow-up times for
implants in the NF and MS groups. The implant success rate was 89.2% in the NF group and 95.0% in the MS group,
with no statistically significant difference. In addition, case reports of NFA were reported (5, 6).

Two systematic reviews are available. In 2003, Wallace et al. (7) obtained a weighted mean follow-up of 32.2
months from literature analysis and a weighted survival rate after this period of 97.64%. Authors concluded that implants
placed after an NFE present a good survival and a low range of complications.
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In 2012 Dasmah et al. (8) reviewed the existing scientific literature. Only nine studies fulfilled the eligibility
criteria and were included in the qualitative synthesis. Of those nine studies, five were case reports, and four were
comparative follow-up studies. In the included case reports, 14 implants were placed in five patients, with a survival rate
of 100%. In comparison, 408 implants were placed in 130 patients, with survival rates ranging from 89% to 100% in
included comparative follow-up studies. No complications were observed during follow-ups, and the patients were
satisfied with the functional and aesthetic results of the treatment. The systematic review results indicate that implant
placement using NFA techniques can be considered a predictable treatment modality.

Our case report shows that the surgical technique for NFE, implant insertion, and horizontal GBR using
heterologous bone and reinforced membranes is a reliable technique.

CONCLUSIONS

Pre-maxilla atrophy poses significant challenges in implant dentistry, affecting the aesthetics and functional
aspects of oral rehabilitation. Pre-maxilla bone augmentation involves a range of surgical techniques, each tailored to the
specific needs of the patient and the complexity of the case. NFE via oral vestibulum represents a cutting-edge approach
in implant dentistry. By creating a more favorable environment for dental implant placement, this procedure enables
individuals to restore missing teeth in the pre-maxilla, ultimately improving oral function and aesthetics.

NFE can be combined with pre-maxilla vestibular bone augmentation by means of horizontal GBR. Successful
integration of dental implants following NFE contributes to long-term stability and functionality in the upper jaw.
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ABSTRACT

Needle breakage is a frustrating accident during inferior alveolar nerve block administration. Proper treatment
of such a complication is fundamental considering that, without an appropriate localization, the fragment manipulation
may worsen the condition and lead to a deeper migration into vital structures. This review examines in depth the potential
risk factors of needle breakage, analyzing the proper management and treatment of such conditions. Preventive measures
are also proposed to decrease the risk of breakage. Changing the needle direction is only allowed if most of the needle is
withdrawn with the tip just beneath the mucosa. The use of a bidirectional rotation insertion technique during the
administration could be another measure to minimize needle deflection. Repeated injections with the same needle, should
be avoided since they increase fragility and susceptibility to fracture. Needles and syringes should be checked for
irregularities before the injection. Furthermore, adequate preoperative sedation should be considered, especially in
pediatric patients, to achieve proper compliance. After carefully evaluating the entry point, if the fragment is still visible,
an immediate attempt to retrieve it with fine artery forceps is required. When the needle is completely covered by the
mucosa, the retrieval becomes complex and unproper maneuvers may lead to a further displacement into deeper tissues.

KEYWORDS: needle breakage, 1AN, inferior alveolar nerve, anesthesia
INTRODUCTION
Modern disposable hypodermic needles were introduced only in the second half of the 20th century. Previously,

available reusable needles were made of carbon steel. These needles required sharpening and sterilization after each
use, and the risk of breakage due to metal fatigue represented a frequent complication (1). Nowadays, scientific advances
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in metallurgy, enhanced training in anesthesia, and the introduction of modern disposable hypodermic needles have
largely decreased the risk of breakage.

A 50-year retrospective analysis conducted by Augello et al. (2) revealed that, in most of cases, needle breakage
occurred during inferior alveolar nerve block administration (70 %, 45 patients out of 64). Pogrel (1), based on data
from North California dentists, reported an estimated risk of 1 case out of 14 million for each inferior alveolar nerve
block administered.

The success rate of the inferior alveolar nerve block anesthesia is relatively low when compared to other
techniques, with a failure rate up to 30 % (3). Kroman et al. (4) demonstrated that a deep penetration of the needle, up
to 21 mm, is necessary for optimal anesthesia. Proper diffusion of the anesthetic solution into the pterygomandibular
space (Fig.1) should be considered when analyzing failures, and perineural tissue differences have shown a profound
impact on the onset time of analgesia (5).

Various approaches have been proposed in order to increase

' pAROTID the effectiveness and reliability of such techniques. Malamed has
\ supeoR provided a thorough description of the conventional injection
' e technique (6). In this technique, the pterygomandibular raphe and
PrenvGoD other landmarks, such as the coronoid notch, are used to locate the

L. Nremon, exact position of the nerve as it enters the mandibular foramen. The

M BONDLE medial surface of the ramus and the pterygomandibular raphe outline

D o rvooMANDIEULAR the proper injection site. With the syringe barrel located at the

RAPHE

opposite side (premolars teeth) and kept parallel to the mandibular
plane, the coronoid notch is palpated. Drawing an imaginary line
from the fingertip to the deepest portion of the pterygomandibular
BUCCINATOR ' raphe, the location for the needle insertion is defined at one-quarter
of this distance, towards the pterygomandibular raphe. At this point,
Fig. 1. The pterygomandibular space is  the needle is inserted 20/25 mm until bone is gently contacted and the
defined by the medial surface of the ramus  solution is deposited. Despite the clearness of the procedure, the
laterally, medial pterygoid muscle and  general difficulty encountered in retrieving the anatomical landmarks,
associated fascia medially, lateral pterygoid ~ has brough clinicians to develop other strategies. An alternative
muscle superiorly, parotid gland posteriorly  technique has been proposed by Thangavelu et al. (7). With the needle
and pterygomandibular raphe, buccinator  penetration site located 6/8 mm above and 8/10 mm posterior to the
and superior constrictor muscles anteriorly.  ¢oronoid notch, the barrel of the syringe is oriented towards the
contralateral premolars. From this point, the needle is advanced until
bone is reached. Touching the medial side of the ramus (used as a guide), the barrel is further adjusted towards the
midline and, after 21/24 mm of penetration, readjusted to the opposite side to reach the area above the inferior alveolar
nerve entry in the mandibular canal. Frequent contact of the periosteum with the tip of the needle is a constant of this
technique, which has been reported to achieve a success rate of up to 95 %. Palti et al. (8) proposed specific landmarks
on the mandibular molars for identifying the optimal injection site, while Suazo et al. (9) proposed an alternative
injection site represented by the retromolar triangle. Other different techniques include the Gow-Gates technique (10),
the Vazirani-Akinosi nerve block (11), and the Fischer 1-2-3 technique (or indirect technique) (12).

When a needle breakage occurs, and the fragment is buried in the soft tissues, retrieval surgery should be
performed to avoid life-threatening complications resulting from the potential migration of the needle. The limited access
and proximity to vital structures represent a challenge for surgeons (13). The surgical procedure is typically unpredictable,
and a complete analysis based on 3D imaging is needed to assess the best surgical approach (14).

Electromagnets, as long as iron has been eliminated from stainless steel alloys, are no longer effective for
detecting fragments (15). 3D imaging (CT and CBCT) represents the gold standard for properly evaluating the needle
position and planning the best retrieval procedure. However, 2D techniques may be useful tools, such as plain films (16)
or C-arm fluoroscopy (17, 18). Due to the difficulties encountered in properly locating fragments during the intraoperative
retrieval procedure, these latter are often considered valid and complementary to 3D imaging (19, 20). The main
advantages of these techniques are the rapid intraoperative collection and review of images without disturbing reference
needles, along with a general reduction of radiation dose and excellent image quality (17, 19). Recent innovations in
computer-assisted surgery through navigation systems have hugely improved the clinical results (21). Navigation system
technologies are primarily used in neurosurgery or cranial base surgery. The dynamic nature of the mandible and
surrounding soft tissues represents an important limitation. However, using customized 3D-printed mouth openings or
interocclusal splints during image acquisition and surgical procedures effectively matches the imaging data with the
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patient's actual position (13, 20-23). Intraoperative ultrasounds have also been proposed for detecting foreign bodies in
soft tissues (24). However, accuracy and size are the main limitations to their use.

The aim of this review is to investigate the most influential risk factors related to needle breakage, assess the
dynamics related to this occurrence, describe the most used retrieval strategies, and provide preventive measures and
guidelines for properly managing such a complication.

MATERIALS AND METHODS

This review followed the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
statement. The main research questions were captured in the PICO (Population, Intervention, Comparison, Outcomes)
format: “What are the main risk factors related to needle breakage during an inferior alveolar nerve block, and how can
this event be avoided?” Is it possible to define a proper management of such complications?" An electronic search was
conducted on the PUBMED /MEDLINE bibliographic database (PubMed). 36 articles with a period from 1960 to 2021
were selected using the following algorithm:

o "needle" AND ("fractured" OR "broken" OR "breakage') AND (“inferior alveolar nerve block" OR"

inferior alveolar nerve anesthesia “OR "pterygomandibular space").

Due to comprehensive details about the analyzed complication, case series, and case reports were chosen as
the primary source for this review. Titles and abstracts of articles were subjected to an initial selection process, considering
relevance, type of study, and population. A hand search was conducted for the resulting studies by analyzing complete
articles and their relevance and adherence to inclusion criteria.

Data extraction/analysis
From the selected studies were extracted the following data: patient age, needle size, timing (from the accident
to the treatment), migration sites, reported cause of fracture, symptoms, and surgical technique performed for the retrieval.
Data were collected and analyzed using Microsoft Office Excel 2007© (Microsoft Cooperation, Minchen,
Germany). The descriptive analysis included 27 articles.

RESULTS

Needle type/ symptoms reported

Data analysis showed that needle size varied from 27 to 30 G, with the latter being the most commonly used.
Needle length varied from 21 mm (21, 25) to 40 mm (17). Patient ages ranged from 3 (26) to 65 (27).

The most reported cause of needle breakage was abrupt movement of both operator or patient, and in the majority
of cases, needle breakage occurred in the hub portion. Improper techniques (15) and management (double bending,
reutilization) of the needle (27), or a combination of these (28, 21) represented other important factors related to an
increased risk.

At the initial consultation, trismus and generalized pain during mandibular movements were the most reported
symptoms. Other symptoms, such as otalgia (27, 29) or reduced head movement (30), result from the migration of the
fragments.

Timing/ migration sites

Due to the potential risks derived from fragment migration, the time between the incident and the retrieval
intervention should be as short as possible. Studies have considered treatment intervals ranging from several days to
months (30) or even years (22).

The retrieval surgery may represent a severe risk for neurological or tissue damage (31). Some authors
suggested leaving the fragment in situ as long as the patient is asymptomatic (22), since the formation of scar tissue and
fibrosis could play a fundamental role in preventing further displacements. However, effective stabilization is hardly
achievable (27), and the fragment migration itself represents a potential trigger for trismus, infections, paresthesia, or
hemorrhage, in addition to psychological trauma (29).

Significant migration sites reported included the perivertebral space (30), vascular structures (28), parotid
space (17), posterior cervical space (19), parapharyngeal space (29), pterygoid muscles (13, 22), and the external
auditory canal (29).
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Retrieval surgery

Although general anesthesia was typically administered to most patients, in some cases, only local anesthesia
was used (32, 14).

It is important to note that during the surgery procedures, the needle may be further dislocated (33) into the soft
tissues. This further complication may worsen the condition and jeopardize the retrieval (19). Some studies reported that
previous failed attempts to retrieve the fragments (17, 19) have contributed to further migration.

When the fragment is located in the pterygomandibular area, two are the main surgical approaches: a vertical
incision on the medial aspect of the mandible followed by blunt sopra-periosteal dissection, or a parallel incision to the
external oblique ridge followed by a subperiosteal dissection. This latter approach provides a better identification and
protection of the inferior alveolar and lingual nerve and is generally preferable (20). Incisions close to the fragment in the
lingual aspect are generally contraindicated (33).

Intraoperative navigation systems with 3D-printed templates or interocclusal splints showed to be effective and
reliable tools for the retrieval. A proper machine calibration enables a more precise detection of the fragments, leading to
a significant decrease in both operative time and invasiveness of the procedures (20-23).

Extraoral approaches such as endaural approach (29), neck explorations via open transcervical approach (30)
and incision along the lower border of the mandible (28) were also reported. A spontaneous extrusion (27) was also
observed.

DISCUSSION

Needle breakage during inferior alveolar nerve block anesthesia is a rare but unpleasant complication. Despite
the improvement of the alloys and the transition to disposable stainless steel hypodermic needles, needle fracture is still
present. Catelani et al. (34) reported cases in which manufacturing defects were the leading cause of breakage. However,
improper injection techniques, patient movements or wrong choice of the needle, rather than material defects, should be
considered.

Augello et al. (2) highlighted that the use of 30 G needles, based on the incorrect belief that a thinner needle
reduces pain, was related to a higher risk of breakage. As reported by Fuller and Moller, there were no significant
differences in pain perception when 25, 27, and 30 G needles were compared (35, 36). Moreover, the injection pressure
increases as the needle diameter decreases (33). A higher injection rate is also linked to increased pressure and, thus pain,
with subsequent abrupt movement of the patient and increased risk for needle breakage. Other factors, such as periosteal
contact or excessive proximity of the tip to the nerve, can lead to similar results (33). From data derived from the
descriptive analysis, some preventive measures can be proposed (Table I).

Table I. Preventive measures.

PREVENTIVE TIPS The use of 30 G needles when administering inferior alveolar nerve blocks (19) is not
recommended. Since the hub-needle junction represents the most delicate and rigid part,
a full insertion is also contraindicated (37), and it is advisable to use long needles instead
of short ones (21, 38). Bending the needle is also not recommended, as it weakens the
structure. Changing the direction of the syringe when the needle is inserted into deeper
Avoid inserting the needle up to its | tissues produces similar results (33). This procedure is only allowed if most of the needle
hub. Leave at least 5 mm outside | js withdrawn, with the tip just beneath the mucosa (39). Using the bidirectional rotation

Use a 27 G long needles; avoid 30
G needles

Avoid bending the needle

he tissue insertion technique during administration could be another measure to minimize needle
Avoid position changes during deflection (31, 40). Moreover, repeated injections with the same needle should be avoided
administration since they increase fragility and susceptibility to fracture (41). Needles and syringes

[Avoid repeated injections: needles | should be checked for irregularities before the injection (26), and adequate preoperative
should be replaced after every use | sedation with anxiolysis procedures (e.g., nitrous oxide-oxygen sedation) may be
considered, especially in pediatric patients (25), to achieve proper compliance.

Use of bidirectional rotation An immediate removal is generally recommended when breakage occurs, to
insertion technique avoid further complications. Acham et al., analyzing the literature from 1980 to 2018,
reported an immediate removal within one day in 53.8% of cases, 30.8 % within 3 months,
and 12.8% delayed 3-12 months or later (42). In this context, the case reported by Brooks and Murphy (43) was
noteworthy. In a relatively short time, the fragment migrated from the pterygomandibular space to the jugular foramen,
transecting the internal carotid artery and requiring prompt cerebrovascular intervention. The authors postulated that the
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cutting bevel of the needle and the contraction of the nasopharynx and oropharynx musculature facilitated such a rapid
and extensive migration (43).

Proper management and treatment of such conditions are fundamental for the clinician. After carefully
evaluating the entry point, an immediate attempt to retrieve the fragment with fine artery forceps is required if the
fragment is still visible.

If the needle is not clinically detectable, it is mandatory to reassure and adequately inform the patient to avoid
excessive jaw movements, which may trigger fragment movement and migration into adjacent structures (44). Chewing
and swallowing may also contribute to further migration, potentially damaging the maxillary artery, internal carotid
artery, internal jugular vein, or cranial nerves (glossopharyngeal, vagus, and hypoglossal nerve) (29). Attempts to palpate
the mucosa are also not recommended since they may complicate the retrieval (33), leading to further dislocation into
deeper tissues. The patient should be immediately referred to the local maxillofacial unit, and the remainder of the needle
should be preserved for further analysis and assessment.

The rapidity of injection is also linked to pressure increase and thus pain, leading to possible abrupt movements
of the patient and increased risk for needle breakage. Periosteal touching and excessive proximity of the needle at the
nerve can represent a potential trigger for pain and so involuntary movement (19).

Due to the risk of dislocation into deeper tissues, generating a life-threatening condition, proper management
and treatment are fundamental for the operator. They must be conducted using explorative surgery and previous clinical
and radiographic evaluation. Timing of surgical removal is also a fundamental issue and must be minimized to prevent
complications. Acham et al., analyzing the literature from 1980 to 2018, reported an immediate removal within one day
in 53.8% of cases, 30.8 % within 3 months, and 12.8% delayed 3-12 months or later (38). After analyzing all the clinical
reports, some preventive measures can be proposed.

It is not recommended to use a 30G needle when administering inferior alveolar nerve blocks (24). Provided that
the hub-needle junction represents the most delicate and rigid part, a full insertion is neither recommended nor
recommended (39), and it is advisable to use long instead of short needles (29, 33).

Bending the needle is also not recommended, as it weakens the needle as long as the grip and the direction of
the syringe are changed when the needle is inserted into deeper tissues (19). Changing the needle direction is only allowed
if most of the needle is withdrawn with the tip just beneath the mucosa (40). Using a bidirectional rotation insertion
technique during administration could be another tip to minimize needle deflection (26, 41).

Repeated injections with the same needle should be avoided since they increase needle fragility and susceptibility
to fracture (42). Needles and syringes should be checked for irregularities before the injection (16). Furthermore, adequate
preoperative sedation or the use of oxide/oxygen analgesia/anxiolysis should be considered, especially in pediatric
patients (43), to achieve proper compliance. If the fragment is still visible, an immediate attempt at retrieval is required
with fine artery forceps after carefully evaluating the entry point. If the needle is not clinically detectable, it is mandatory
to reassure and adequately inform the patient to avoid excessive jaw movements to limit the needle’s migration (1).
Chewing and swallowing may also contribute to the migration and cause potential damage to the maxillary artery, internal
carotid artery, internal jugular vein, or cranial nerves (glossopharyngeal, vagus, and hypoglossal nerve) (27).

Palpating the mucosa is not recommended since it could complicate retrieval (19), leading to a further dislocation
into deeper tissues. It is mandatory to immediately refer to the local maxillofacial unit and accurately describe the incident.
Furthermore, sending the remainder and a new, fresh needle to the same unit and informing the dental defense company
is advisable.

CONCLUSIONS

Even if a rare complication, needle breakage can be a traumatic event for both patient and clinician. Practitioners
must know that immediate and adequate management is necessary if such a complication occurs. Before every injection,
some preventive measures should be considered to minimize the risk of breakage. If the fragment is still visible, an
immediate attempt to retrieve it is required. However, when the needle is completely covered by the mucosa, the retrieval
becomes complex, and improper maneuvers may lead to a further displacement into deeper tissues. In such cases, the
patient should be referred to the maxillofacial unit as soon as possible. Special care should be taken during administration
in pediatric patients.
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ABSTRACT

The insufficient height and width of the edentulous alveolar ridge can complicate the implant rehabilitation of
the posterior mandible. The aim of this technical note is to describe an inlay technique without the use of mini-screws
and miniplates for the stabilization of the transported bone fragments. The inlay technique involves the first horizontal
osteotomy performed 2-3 mm above the mandibular canal, and two oblique cuts are made using an ultrasonic device. The
final phase of the vertical augmentation is performed with a dedicated instrument. The space between basal bone and
coronal osteotomies segment is maintained by a hard equine block. The residual space is filled by particles of cortical-
cancellous equine bone. This technique showed that equine collagenated blocks presented higher stability, allowed the
elimination of the use of mini-screws and miniplates, and simplified the sandwich technique.

KEYWORDS: inlay, regeneration, graft, augmentation, bone
INTRODUCTION

The extensive loss in the posterior mandible presents a complex case for implant placement (1). For patients with
extensive resorption, vertical augmentation of the alveolar ridge is necessary. Different regenerative techniques are
currently utilized to achieve good bone volume for the predictable placement of endosseous implants in such cases.

Different surgical approaches are proposed, such as autogenous bone grafts, alloplastic materials (2-5), alveolar
distraction osteogenesis, and recently inlay technique (6). Vertical bone regeneration in posterior mandibles with onlay
bone grafts has been used, but the results have not been promising (7).

Guided bone regeneration was proposed in a 1991 report by Dahlin and colleagues (8). Expanded
polytetrafluoroethylene membranes were proposed for posterior mandibular reconstruction and have been used with a
high success rate (9, 10). However, vertical augmentation is  a highly sensitive technique, predictable only when the
surgical protocol is followed strictly (11). Also, titanium mesh and autogenous bone grafts have been used successfully
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for vertical ridge augmentation of the atrophic maxilla and mandible and have gained popularity since their introduction
(12, 13).

Titanium screws must fix the titanium mesh used, and infection is a common complication that may cause loss
of grafted bone, resulting in failure. The inlay, which uses a bone block graft positioned between osteotomized bony
segments, was developed by Schettler (14) in 1974. Stoelinga and colleagues (15) combined the visor osteotomy and
sandwich techniques to augment the severely atrophic edentulous mandible with success. However, this technique
involves donor site morbidity (16), as autogenous bone is used as the interpositional material.

The following technical note describes the protocol for alveolar ridge augmentation by a sandwich osteotomy
combined with an interpositional xenograft without using mini-screws and miniplates to stabilize the transported bone
fragments.

TECHNICAL NOTE

After a paracrestal incision in the buccal vestibule, avoiding with care the emergence of the mental nerve and a
subperiosteal tissue dissection limited to the buccal side, a horizontal osteotomy is performed 2-3 mm above the
mandibular canal, and two oblique cuts are made using an ultrasonic device (Surgysonic, Esacrom, Imola Italy). The
final phase of the osteotomy is performed with a lever for dental extraction. The osteotomized segment is then raised in
the coronal direction, sparing the lingual periosteum. Two miniblocks of equine bone (OsteoBiol Sp-Block, Tecnoss,
Coazze, Italy) are inserted between the coronal osteotomized segment and the mandibular basal bone (Fig. 1). Particles
of cortical-cancellous porcine bone filled the residual space. After periosteal releasing incisions, the flap is sutured
carefully with Vicryl 4.0 (Ethicon FS-2; St. Stevens-Woluwe, Belgium).

\C i g

Fig. 1. The bone segment was moved superiorly after all bone cuts were completed with a piezosurgery device. Two blocks
of collagenated equine bone were interposed between the basal bone and the mobilized fragment.

DISCUSSION

In this technical note, we describe the treatment of posterior mandibular atrophy with interpositional sandwich
osteotomy bone grafts without using the mini-screws and miniplates.

The inlay technique, recently revisited (17), facilitates implant placement by raising the bone above the nerve
and reducing the interocclusal distance and the crown-implant ratio. Many clinical complications are reported after and
during bone grafting, such as fracture of the cortical bone, membrane exposure, bone resorption, and neurological
impairment (18).

The absence of micromovement and the blood supply are key factors for successfully integrating the grafted
biomaterials and substituting new bone (8). Two research groups reported a high success rate of the inlay graft technique
for treating posterior mandible atrophy (19, 20). In these case reports, the effectiveness was shown by a post-operative
course without any adverse event, accompanied by a high level of graft integration reported in the radiographical follow-
up. The piezosurgery device simplified the technique and reduced the incidence of complications (21, 22).

Many researchers have already used interpositional inlay bone grafting using a fixation device. On the contrary,
a few authors have used the technique without using a fixation device. It has the advantage of decreased risk of failure
and complication for fracture or bone resorption related to the application of mini-screws and miniplates. In conclusion,
the present technique showed that equine collagenated blocks presented higher stability, allowed the elimination of the
use of mini-screws and miniplates, and simplified the sandwich technique.
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