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The greatest challenge of modern implantology is the loss of bone tissue in esthetic region of maxilla and mandible. Significant bone changes caused for example by cysts, unerupted teeth or traumatic extraction often provoke bilateral or trilateral bone defects. Thanks to the possibility of applying demineralized dentin and dentin blocks gained from extracted teeth of the patient, it is possible to successfully regenerate bone tissue especially in the esthetic zone.

The aim of the study was to present a case of a patient who underwent bone augmentation for implantation. In addition, a review of the literature illustrating the effectiveness of autogenous bone graft material derived from ground teeth in augmentation procedures was performed. 

A case report.The paper presents a case of a 26-year-old man in whom bone defect was augmented with material derived from dentin blocks and partially demineralized dentin processed in the BonMaker device after extraction of the root of tooth 11.
A systematic review of literature was conducted analyzing articles published between 1975 and 2020. From 80 articles, 25 were selected for this study. 

A clinical case from our clinic was described in this article. 

Conclusions. The presented case and the systematic review of literature indicate that tooth-derived bone graft material prepared from extraction can effectively restore alveolar bone defect. The results we get so far are very satisfying. Further studies should be performed to confirm the osteogenic effects and safety use of this tooth based graft material.
Key words: bone grafting, bone defects, autogenous demineralized dentin, dentin blocks, ground teeth.
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Największym wyzwaniem współczesnej implantologii jest utrata tkanki kostnej w obszarze estetycznym szczęki i żuchwy. Znaczne zmiany kostne spowodowane np. torbielami, niewyrzniętymi zębami lub urazową ekstrakcją często wywołują dwustronne lub trójstronne ubytki kostne. Dzięki możliwości zastosowania zdemineralizowanej zębiny i bloków zębinowych uzyskanych z usuniętych zębów chorego, możliwa jest skuteczna regeneracja tkanki kostnej, szczególnie w strefie estetycznej.

Celem pracy było przedstawienie przypadku pacjenta, u którego przeprowadzono procedurę augmentacji kostnej celem implantacji. Dodatkowo dokonano przeglądu piśmiennictwa ilustrującego skuteczność autogennego materiału do przeszczepu kostnego pochodzącego ze zmielonych zębów w zabiegach augmentacji.
Opis przypadku. W pracy przedstawiono przypadek 26 letniego mężczyzny, u którego po ekstrakcji korzenia zęba 11 przeprowadzono augmentację ubytku kostnego materiałem pochodzącym z bloków zębinowych i częściowo zdemineralizowanej zębiny przetworzonej w urządzeniu BonMaker.
Dokonano przeglądu literatury, analizując artykuły opublikowane w latach 1975–2020. Z 80 artykułów wybrano 25 do badania.
Wnioski. Na podstawie przedstawionego przypadku i dokonanego przeglądu piśmiennictwa można stwierdzić, że materiał do przeszczepu kostnego pochodzący ze zmielonych zębów po ekstrakcji, może skutecznie przywrócić ubytek kości wyrostka zębodołowego. Dotychczasowe wyniki są bardzo satysfakcjonujące. Należy przeprowadzić dalsze badania, aby potwierdzić działanie osteogenne i bezpieczeństwo stosowania tego materiału do przeszczepów na bazie mielonych zębów.
Słowa kluczowe: przeszczepy kostne, ubytki kostne, własnopochodna zdemineralizowana zębina, bloki zębinowe, mielone zęby.

The greatest challenge of modern implantology is the loss of bone tissue in esthetic region of maxilla and mandible. Significant bone changes caused by for example cysts, unerupted teeth or traumatic extraction often provoke bilateral or trilateral bone defects [6]. Thanks to the possibility of applying demineralized dentin and dentin blocks gained from extracted teeth of the patient, it is possible to successfully regenerate bone tissue especially in the esthetic zone.

One-time autogenous augmentation with implantation using ground dentin and dentin block gained from removed patient’s teeth is a minimally-invasive, predictable and safe procedure. When the bone volume is insufficient the augmentation procedures become a necessity to reconstruct alveolar process with the aim to insert dental implants in the right position. [1] In order to meet these requirements appropriate procedures have been developed making safe and predictable reconstruction of bone defects possible.

Until recently, the gold standard in rehabilitation of bone defects both horizontal as well as vertical were autogenous dental blocks extracted intra-orally: from the symphysis, from the retromolar zone (oblique line), from the tuberosity of maxilla and other body parts: from the iliac crest, tibial plateau and parietal cranial bone (calvaria) [8]. Due to its properties an autogenous bone is the most precious one. Its use eliminates the risk of getting an infection from a donor and does not cause an autoimmune reaction.[19] The interaction mechanism of an autogenous bone is based on three processes: 

· osteogenesis – the ability of the osteoblasts remaining in the bone tissue to rebuild due to phenomenon of diffusion;

· osteoconduction – grafted bone constitutes a scaffold in which blood vessels from surrounding bone tissue grow;

· osteoinduction  - a synthesis of a bone matrix through the activity of the cytokines initiating inflammatory and then proliferative processes [25].  
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Figure 1. Osteinduction, Osteconduction, Osteogenesis scheme. Author's own diagram.
Rycina 1. Schemat osteoindukcji, osteokondukcji i osteogenezy. Schemat własny autora.
The necessity to perform the second procedure in order to harvest graft, limited - in case of an oral cavity - bone availability, and high level of resorption (up to 50%) belong to the disadvantages of using an autogenous bone [23]. In the cicatrizing process the whole grafted autogenous bone gets gradually degenerated (resorption) and simultaneously reconstructed. This process is known as a bone remodeling. The process of cicatrizing depends on the level of vascularization of bone bed, the intensity of mechanical load, the size of bone contact area and graft stabilization [17]. 

Among alternative graft materials used clinically there are: allografts, xenografts and alloplastic bone graft materials. The disadvantage of these materials is their cost and limited osteoinduction. Allografts and xenografts due to the content of bone morphogenetic protein (BMP) entail risk of diseases transmission [2]. BMP1 belongs to the peptidase M12A family of bone morphogenetic proteins (BMPs). It induces bone and cartilage development (fig 1). The development of alternative materials, free from abovementioned drawbacks, resulted in using autologous graft gained from patient’s extracted teeth so far considered waste material  [10]. 

The aim of the study was to present a case of a patient who underwent bone augmentation for implantation. In addition, a review of the literature illustrating the effectiveness of autogenous bone graft material derived from ground teeth in augmentation procedures was performed. 
A CASE REPORT

In October 2017, a 26 years old male came to our clinic with a post-traumatic crown fracture of tooth number 11. (Fig. 2A) We took x-ray: OPG (Fig. 2B) and CBCT (Fig. 2C) that revealed osteolysis around the root of the tooth 11, and periapical changes around the root of tooth 21 (Fig. 2D). We planned the extraction of the tooth 11 and teeth 18, 28 (vestibular eruption, no contact with the antagonists), apicoectomy of the root number 21, autologous augmentation and implant loading in position 11 on the next visit. From the extracted teeth we prepared the tooth derived bone graft material processed by the BonMaker.
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Ryc 2: A. Fotografia pozostawionego korzenia zęba 11. B. Ortopantomogram ukazujący osteolizę wokół korzenia zęba 11. C. Tomografia wolumetryczna (CBCT) wykazująca zmiany zapalne wokół korzenia zęba 11. D. Tomografia wolumetryczna wykazująca znaczne ubytki kostne blaszek przedsionkowej i podniebiennej.

Figure 2: A. Extraoral picture showing crown 11 fracture. B. OPG x-ray showing osteolysis around the  root number 11. C. CBCT showing vast changes around the root number 11.  D. CBCT revealing bone loss of both vestibular and palatal alveolar plate.

Before the surgery patient obtained Clindamycin MIP-600. In 4% articaine local anesthesia (infiltration), the mucoperiosteal flap was elevated , the root of the tooth number 11 was extracted. All of the granulation tissue was elevated. The vast changes around the root number 11 caused bone loss of both vestibular and palatal alveolar plate. Apicoectomy of root 21 with retrograde MTA filling was done (Fig. 3A). From the extracted tooth 2 blocks were prepared in the BonMaker machine (Fig. 3B,C,D) and then inserted into the vestibular and palatal side of the defect.
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Ryc. 3: A. Stan po usunięciu korzenia zęba 11 i resekcji korzenia zęba 21. 

B, C, D. Przygotowanie zęba i bloków zębowych do sterylizacji chemicznej.

Figure 3: A. Extraction of root number 11 and apicoectomy of root number 21.

B, C, D.  Tooth and blocks preparation before chemical sterilization.

When the specimens obtained from the Bon Maker procedure were observed with the SEM, at low magnification the granules showed a geometrical shape with acute margins a rather uniform size, varying from 0.5 to 1.0 mm. At higher magnification, some granules showed margins with a lamellar surface, on which the orifices of the dentinal tubules were evident. The grinded surface of other granules showed margins arranged as steps of a staircase. At higher magnification, dentinal orifices and tubules were present, according to the plane of fracture (Fig 4).
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Rycina 4. Próbki BonMaker obserwowane w SEM. A. w małym powiększeniu granulki mają kształt geometryczny i raczej jednolity rozmiar, wahający się od 0,5 do 1 mm. B. w większym powiększeniu niektóre granulki mają brzegi z powierzchnią blaszkowatą (strzałka). Na powierzchni każdej blaszki, oglądanej w większym powiększeniu (wypustka), widoczne są ujścia kanalików zębinowych. C. inne próbki mają brzegi w postaci stopni i  schodków (strzałka). D. w większym powiększeniu można wykazać ujścia (strzałka) i kanaliki zębinowe (*). E. stopień blaszkowy z otworami zębinowymi (strzałka) i kanalikami (*). (Skala: A = 1 mm; B = 200 μm; Wstawka B = 50 μm; C = 100 μm; D = 20 μm; E = 10 μm). Badania wykonane w pracowni SEM Uniwersytetu w Mesynie, Włochy.
Figure 4: BonMaker specimens observed with the SEM. A: At low magnification, the granules show a geometrical shape and a rather uniform size, varying from 0.5 to 1 mm. B: At higher magnification, some granules show margins with a lamellar surface (arrow). On the surface of each lamella, when viewed at higher magnification (inset), the orifices of dentinal tubules are evident. C: Other samples show margins in the form of steps of a staircase (arrow). D: At higher magnification orifices (arrow) and dentinal tubules (*) can be demonstrated. E: Lamellar step with dentinal orifices (arrow) and tubules (*). (Scale bar: A = 1 mm; B = 200 μm; B inset = 50 μm; C = 100 μm; D = 20 μm: E = 10 μm)

Research carried out at the SEM laboratory of the University of Messina, Italy.
 Immediate implantation of DIO implant 4,5x13 mm with a healing screw was done. The bone loss around the implant was filled with material coming from the extracted tooth and processed by the BonMaker. A- PRF membrane was used to cover the graft (Fig. 5A). The wound was sutured around the healing screw (Fig. 5B). 2,5 months later control CBCT was performed showing good healing (Fig. 5C). 
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Ryc. 5: A. Wprowadzony implant zębowy ze śrubą gojąca pokryty membraną z PRF po przeszczepie zdemineralizowanej zębiny. B. Rana pokryta szwami wokół śruby gojącej. C. Kontrolne badanie CBCT po 10 tygodniach.

Figure 5: A. Dental implant with a healing screw, covered by PRF membrane after bone grafting procedure. B. The wound was sutured around the healing screw. C. Control CBCT after 10 weeks.
After 4 months from the surgery, integrated zirconium abutment crown was placed on the tooth 11 simultaneously with the placement of zirconium crown on tooth 21 (Fig.6)
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Ryc.6: A, B, C, D. Zamocowanie koron na zębach 11 i 21 (4 etapy)

Figure 6 A, B, C, D: Crowns placement on tooth 11 and 21 (4 phases).

After 6 months control CBCT was performed showing good bone regeneration and transplanted tooth blocks integrated with the keeping the good bone profile (Fig. 7A). CBCT and OPG picture performed 24 months from the surgery showing very good bone regeneration in the area of interest (Fig. 7B,C).
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Ryc.7: A. CBCT po 6 miesiącach. B. CBCT po 24 miesiącach. C. Ortopantomogram po 24 miesiącach.

Figure 7: A. Control CBCT after 6 months. B. Control CBCT after 24 months.

C. Control OPG after 24 months.

Discussion

The use of extracted teeth as augmentation material results from similarity of dentin in structure and composition to bone. The dentin consists of: hydroxyapatite (~70%) , organic matter, mainly collagen type 1 (20%) and water (10%) [15,16].

It has been proved that dentin has osteoinductive qualities on alveolar process bone due to the content of BMP. Urist discovered the abovementioned proteins first in 1965 and studied their role. Growth factors are signaling proteins regulating growth, proliferation and differentiation of cells. After many different laboratory experiments the researchers managed to isolate BMP from bovine teeth, guinea pigs, rats and rabbits and to prove their osteoconductive qualities. Following widespread research regarding BMP it has been proved that dentin and cement have also other growth factors: insulin-like growth factor -II (IGF-II), fibroblast growth factor (FGF) and transforming growth factor (TGF-β) [10,14]. 

In 1990 Richard D. Finkelman presented the case of TGF-β, IGF-I, IGF-II isolation from human dentin after demineralization but in much smaller quantities than from human bone. Other organic dentin ingredients contributing to mineralization are non-collagenous proteins: osteocalcin, osteonectin, fosfo phorine and dentin sialoprotein. 

The research conducted by Takamitsu Koga et al. proved that partially demineralized dentin got decalcified in 70% through the activity of 2% nitric acid solution. Therefore the exposition of collagen fibers is favorable for cells adhesion. Another advantage of demineralization is that dentin tubules may become wider and serve as canals releasing necessary proteins that stimulate growth and differentiation of osteoblasts. Partial demineralization has an additional clinical advantage consisting in decontamination of attached bacteria what makes an immediate augmentation of the dentin gained from removed tooth possible. Research conducted in terms of molecules size showed that the most favorable size of molecules for augmentation is 300 μm to 1200 μm and particularly the molecules of 1000 μm. In summary, partial demineralization is a trigger to create balance between resorption and bone formation. Clinical trials proved that it is a safe bone regeneration method [15]. 

The first case of using non-autogenous dentin as a graft material used in human was recorded in 1975 by Ake Nordenram et al. in Sweden. The researchers proved complete regeneration of bone defects created as a result of cyst formation by relevant part of examined patients with use of allogenic demineralized dentin matrix as a filling material. This experiment posed a risk of transferring diseases [22]. Only three decades later in 2003 for the first time the case of using autogenic ground dentin matrix in human was described in detail by Masaru Murata at the 81st International Association for Dental Research Conference in Sweden. The first patient was 48-year-old male with numerous missing teeth. His teeth number 17, 18, 25 and 28 were extracted and crumbled with a dental mallet while cooling by liquid nitrogen. Further the granules were decalcified completely in a solution of hydrochloric acid and, rinsed in cold distilled water and finally granulated material was frozen.

Following stage consisted in performing the procedure of maxillary sinus floor elevation using demineralized dentin matrix. After five months period three dental implants were placed into a newly created bone bed. In the process the biopsy was performed for histopathologic examination. The research showed that partially demineralized dentin matrix has been gradually replaced by a new bone tissue and that the method has an innovative potential in bone defects treatment [20].

After a breakthrough which took place in Sweden many researchers from all over the world, started to get interested in the possibility of using ground dentin matrix as a graft material in different kinds of bone defects treatment.  

In 2006, in Brasil, Gomes et al. carried out densitometric comparative analysis of dental socket wound healing process in a group of 27 patients in whom demineralized dentin matrix (DDM) and regeneration membranes polytetrafluoroethylene (PTFE) polymer were used. After observations lasting 90 days the medics basing on the analysis of X-ray photos proved that dental sockets where DDM together with PFTE membrane were used got slightly faster regenerated than those where DDM was not applied [4].

In 2010, Japanese researchers Tomoki Nampo, Junichi Watahiki and Akiko Enomoto carried out a study in a group of 60 Wistar rats divided into three groups in which bone defects were created and then filled with granulated material derived from tooth, mandible, iliac bone or got left for spontaneous healing as a clinical control group. In this study the potential to apply DDM in development of maxillary bones was searched. The histologic analysis, polymerase chain reaction (PCR) in in real-time and cone beam computed tomography were carried out. The researchers proved neutrophine P75, PO, nestin and Musashi-1 gene expression at a far higher level in a graft where a tooth has been used than in case of an iliac bone or maxilla bones graft or in control group. Hematoxylin and eosin staining and Cone Beam Computed Tomography (CBCT) study after 8 weeks proved new bone formation and osteopontin presence in a similar degree at graft where DDM and iliac bone have been applied. Dentin sialoprotein was expressed only in case of the graft where a tooth has been applied. In this way the researchers showed the potential of the graft where teeth are used as an alternative to autogenous bone grafts in healing alveolar process defects [21]. 

At the same time Korean doctors Kim, Young-Kyun, Su-Gwan and Byeon carried out a clinical trial in a group of 6 patients where ground dentin matrix was applied in order to treat bone defects. After the period of 3-6 months in all patients formation of 46-87% of a new bed bone in the zone of bone defect was affirmed. Over time graft material began to undergo gradual resorption till it was completely replaced by a new  bone with a perfect quality thanks to osteoinduction and osteoconduction. The researchers basing on previous studies and analysis of ground dentin matrix proved an enormous potential in application of DDM [11]. 

In December  2010 the same doctors carried out a study in a group of 12 patients where AutoBT blocks (tooth-derived bone graft material) were applied. Samples for histopathology were collected 2,5 months after the procedure. In all patients satisfying augmentation results were stated. In case of one patient an implant did not integrate and in the other bone denudation was noticed however finally the patient was completely healed. The researchers proved that use of blocks deriving from patient’s own teeth has a wide clinical application [12].

In 2013 doctors Hara, Shingo, Mitsugi, Masaharu and Kanno proved the possibility of treating nine-year-old Korean girl suffering from unilateral cleft lip and cleft palate, using AutoBT combined with maxillary bone graft. The use of graft material allowed successful improvement of nasal septum and nasal cavity floor deviation which allowed better bone connection [7]. 

In 2014 Korean researchers carried out comparative analysis of traditional bone graft substitutes: xenografts, alloplastic materials, autogenous bone with graft material deriving from teeth (AutoBT) with the use of x-ray diffraction. The researchers concluded that physicochemical qualities of AutoBT are close to autogenous bone [13]. They used also scanning microscope (SEM) to examine the structure of ground teeth after preparation in the Bon Maker machine. The research showed mainly a homogeneous structure and clearly visible dentinal tubules [10,13] . 
The results of the research are similar to those carried out by us at the University of Messina.
  Over a year later Eun-Seo Kim published results of the studies carried out in a group of 38 patients who required teeth extractions from different reasons: wisdom teeth, teeth treated endodontically, periodontal problems. In case of all patients granulated material or blocks deriving from removed teeth were prepared not later than two hours after tooth extraction. Further graft material was used the same day during augmentation with simultaneous implantation. After 12 months period none of the patients lost an implant together with prosthetic reconstruction made. It gave basis for concluding that graft material deriving from tooth may be successfully used during an immediate implantation [18].

In 2016 Indian doctors Chaitanya Pradeep Josh, Nitin Hemchandra Dan and Smita Uday Khedka, carried out comparative study in a group of 15 patients aimed at evaluation of alveolar process healing following tooth extraction with use of material deriving from ground own patient’s tooth and tricalcium phosphate. The third group was not submitted to augmentation procedures and was described as a control group. After 4 months during an implantation procedure the researchers proved the best results in the group where ground tooth has been used as regeneration material [9].

In 2017 Korean researchers Pang KM, Um IW, Kim YK Woo JM, Kim SM, Lee JH performed comparative analysis of AutoBT with inorganic bovine bone (BioOss) effectiveness in a group of 24 patients who were submitted to 33 augmentation procedures after teeth extraction. AutoBT was used in a group of 15 patients in 21 zones. Bovine bone was applied in 12 zones in 9 patients. During implantation procedure vertical dimension of the graft material was measured in each case 6 months after the procedure.  Infection of graft material or graft bed was not observed and graft sites healed without any notable complications in both groups. Vertical dimension of outgrowth in period of 6 months after tooth extraction in case of AutoBT  increased by 6,56 mm on average and in case of BioOss by 3,54. Histomorphometric study proved new bone formation in a similar grade. Implant stability (ISQ) in both groups was at the similar level of 72.80±10.81. The researchers proved that AutoBT may be successfully used as an alternative to traditional bone graft substitutes [24]. 

Lasting over two years clinical trials, in which took part over one hundred dentists who using Smart Dentin Grinder device produced sterile granulated material from extracted patient’s teeth and then submitted it to augmentation procedures, showed very good results. After twelve months from implantation presence of bone with a correct structure and lack of alveolar process resorption in the procedure zone was stated. Teeth with periodontal changes and molar teeth with different indications for extraction were qualified to the research. Teeth treated endodontically were excluded from the research [3]. 

In 2018 Spanish doctors Patricia Gual-Vaqués, Carlos Polis-Yanes et. al. carried out systematic literature review issued over the period 2007-2017 regarding applying teeth as a graft material. Basing on 6 articles chosen from 108 articles the researchers concluded that sufficient evidences allowing to state univocally what is the influence of ground teeth as graft material do not exist. However clinical trials showed that it is a safe method, successfully regenerating bone, offering stable bed bone during implant grafting procedures [5]. 

Conclusions

Our results indicate that tooth-derived bone graft material prepared within 3 hours from extraction can effectively restore alveolar bone defect in our patient. The results we get so far are very satisfying.  

Literature review allow us to conclude that graft material deriving from patients’ own ground teeth is an excellent augmentation material in bone defects treatment.

Further studies should be performed to confirm the osteogenic effects and safety use of this tooth based graft material.
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