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Abstract: Background: In regenerative dentistry the graft material influences the success. It should act as an 

osteoconductive scaffold, providing a mineral substrate during resorption and inducing the activity of 

osteoinductive cells capable of producing new bone, platelet growth factors, and cell differentiation factors 

inducing the differentiation of undifferentiated mesenchymal cells into. Given that dentin shares many 

biochemical characteristics with bone tissue, it has recently attracted considerable interest as a biomaterial for 

bone repair. The aim of this study is to compare two grinder types in order to determine the optimal method 

for producing dentinal particles using a mechanical grinder. Materials and methods: A sample of 40 natural 

human teeth without restorations, prostheses or root canal treatments was used and divided into two groups 

subjected to two different grinder speeds (high-speed and low-speed). The high-speed showed a greater 

dispersion (53.5+-9.89% of the tooth) due to the pulverisation (highly thin granules) of part of the tooth. The 

low-speed grinder does not pulverize the dentin and the percentage of tooth loss is 9.16+/-2.34%. Conclusion: 

The low-speed gringer allows to save a major part of the tooth and to have a maximum quantity of graft 

material but requires more time. Further studies must be promoted to optimise the grinding procedures. 

Keywords: autogenous dentin particulate; bone regeneration; dental biomaterials; granules; grow 

factors; high-speed grinder; low-speed grinder; osteoclasts; tooth graft; tooth transformer 

 

1. Introduction 

In recent decades, regenerative medicine has gained a great deal of attention and advancement 

in the medical profession. Biomaterials research has produced outstanding and reliable outcomes, 

due in part to biotechnology. Researchers are interested in the study of bone tissue regeneration, 

which is commonly employed in dentistry [1–6]. Researchers have stressed and proved in their 

studies that for regeneration effectiveness, it is vital to consider the size of the bone defect to be filled. 

Different forms of bone defects have emerged, posing significant problems to the clinical field, 

leading to a great need for bone repair materials [7,8].  

The graft material must be decontaminatedand must function as an osteoconductive scaffold, 

providing a mineral substrate during resorption, inducing the activity of osteoinductive cells capable 
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of producing new bone, platelet growth factors, and cell differentiation factors such as morphogenetic 

proteins (BMPs), which induce the transformation of undifferentiated mesenchymal cells into 

osteogenic cells (osteoblasts) [9–13]. 
Dentin has received a lot of interest recently as a biomaterial for bone repair. Its biochemical 

makeup has been compared to that of bone tissue. Dentin and bone are both composed of 61% 

inorganic material (HA 3Ca3(PO4)2Ca(OH)2 crystals that are 10 times bigger than those of bone and 

300 times smaller than those of enamel) and 39% biological material. The organic component is 90% 

collagen: 95% collagen type I and 5% collagen types III, V, and XII. Collagen adds strength and 

suppleness to the structure, making it more resistant to fractures [14]. 

Non-collagen proteins account for 10% of the total (Osteopontin OPN, Dentin sialoprotein DSP, 

DGP, DPP-Bone sialoprotein, Osteocalcin, Dentin sialoprotein DSP, Dentin matrix protein-1 DMP-1, 

Collagen type 1, Cbfa1 RUNx2, Bone morphogenetic protein BMP-2, Transforming growth factor 

(TGF-) 19). The majority of the proteins found in dentin are likewise found in bone [15–19]  

The tooth grafting procedure was introduced by Yeomans and Urist more than 50 years ago, 

with the discovery of the osteoinduction potential of demineralized dentin matrix [20,21]. 

Schmidt-Schultz and colleagues conducted one of the earliest studies on the tooth as a 

biomaterial for grafting, identifying and isolating growth factors such as Insulin Growth Factor-II 

(IGF-II), Bone Morphogenetic Protein-2 (BMP-2) and TGF- using teeth from the late pre-ceramic 

Neolithic period (approx. 8,000 years ago), teeth from the early Middle Ages, and recently extracted 

teeth [22]. 

More recently, Bessho et al. demonstrated the presence of bone morphogenetic proteins (BMPs) 

in the human dentin matrix [23]. Thirteen types of BMP proteins have been  recognized. They can 

activate the process of bone neoformation even in heterotopic locations [24]. BMP-2, in particular, 

stimulates mesenchymal cell development into osteoblasts. BMP-3 promotes bone growth, while 

BMP-7 promotes osteoblast differentiation [25]. BMPs first drive the replication and migration of 

mesenchymal cells from surrounding tissues to the regenerated region, and then suppress the WNT 

signal, which prevents mesenchymal cell differentiation [26–28]. 

In particular, bone formation and the presence of osteoblasts were observed in rat muscles after 

the insertion of a demineralized human dentin matrix graft [27]. 

The stimulation mechanisms in demineralized dentin-induced bone regeneration are quite 

similar to those in autologous bone factors. Both de-mineralized bone matrix (DBM) and 

demineralized dentin matrix (DDM) include type I collagen, growth factors, and bone morphogenetic 

proteins after de-mineralization (BMP-2) [29,30]. 
Fundamental growth factors (GFs) for bone regeneration were found in both the bone and dentin 

matrices [2,3]. They represent an efficient reserve of BMPs, bioactive GFs, such as transforming 

growth factor-B (TGF-B), which are involved in the bone-repairing processes [31–33]. According to 

experts, the demineralization process provides for superior bone augmentation than non-

demineralized dentin [34,35]. Moreover, the chemical composition of bone and dentin is almost 

identical, with an inorganic component of hydroxyapatite and an organic component mostly 

consisting of type 1-collagen and other secondary proteins [36]. For more than 35 years, heterologous 

or alloplastic grafting materials have been employed for bone augmentation treatments, however 

they just serve as mechanical scaffolds for host cells and do not provide any osteoinduction stimulus 

[11,37–40]. Several authors have recently estabilished the effectiveness and safety of autogenous 

partially demineralized dentin matrix prepared onsite, for clinical use in implant dentistry bone 

regeneration treatments such as socket preservation, alveolar ridge augmentation, and maxillary 

sinus floor augmentation [4,32,41,42]. 

Various tooth demineralization procedures have been studied, with varying outcomes in bone 

tissue development. When comparing different tooth crushing systems, the degree of sterilization, 

the system repeatability,the liquids and their concentrations, the degree of demineralization, the 

granule size, the residual protein amount after treatment, the wettability and plasticity of the 

granules, and the ergonomics of the system must all be considered [35,43]. 
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A recent prospective study validated the use of the tooth as a grafting material in socket 

preservation [44]. 

Recently, a novel medical tool (Tooth Transformer®) for collecting acceptable tooth transplant 

materials from the patient's tooth was launched on the market. This technology enables entirely 

automated cleaning, grinding, and demineralizing procedures with no errors caused by human 

intervention. TT is a cutting-edge tissue engineering method because it can quickly process and turn 

a removed tooth into therapeutically viable bone graft material. The graft material, created from the 

whole tooth, is extremely wettable, allowing for simple handling and placing at the host site. A prior 

case series revealed the favorable clinical results of bone regeneration following autologous tooth 

grafting with TT and reported the full filling of bony defects by TT [45]. 

Previous articles referring to this device have been analyzed:  

Human dentin was reduced to particles and demineralized and detoxified. The characterization 

of native mineral, collagen and BMP-2 were performed by SEM , EDS test and Elisa test . In addition, 

osteoblastics cells were seeded in tooth derived materials and compared with Xenographic material 

and the cell response ,with SAOS-2 and MG-63 cells, in terms of adhesion , proliferation and 

cytotoxicity [46]was measured.  

The conclusion was the process, as a combination of chemical and thermal treatments, allowed 

the preserviation of collagen and increased the BMP-2 bioavailability. The proliferation cells on the 

surface were analyzed as well as the osteocalcin production, without having any negative indication. 

Bianchi et al. found that understanding the biological and morphological reactions of human 

cells towards different dentinal derivate grafting materials it is fundamental to choose the type of 

dentin for different specific clinical situations. This study aimed to evaluate human periodontal 

ligament fibroblasts (hPLF) cells exposed to different dentinal derivate particles. The study design 

included the in vitro evaluation of mineralized dentine (SG), deproteinized and demineralized 

dentine (DDP), and demineralized dentine (TT- tooth transformer) as test materials and of 

deproteinized bovine bone (BIOS) as the positive control material. The CLMS observations showed 

the expression of the proliferative marker, as well as and the expression of cytoskeletal elements 

involved in the adhesion process. In particular, the vinculin and integrin signals were stronger at the 

72 h follow-up in the sample exposed to TT material; These data confirmed how dentinal derivates 

present satisfying biocompatibility and high conductivity and inductivity properties fundamental in 

the regenerative processes [47]. Clinical animal tests were allowed. Four hollow titanium cylinders, 

termed “Bone Growing Chambers” (BGC), were used to contain the tooth graft. Two BGC cylinders 

were filled with the tooth graft treated using a Tooth Transformer device while another two were 

filled with tooth graft without any treatment (control group). All the BGCs were integrated into the 

mandibular bone after 2 months of healing. At the surgical reentry the BGCs were visible on the crest 

mandible and easy to distinguish from the surrounding bone. Stable BGCs demonstrated the 

presence of bone tissue inside the hollow space. A healthy pattern of bone repair process was detected 

around and inside the chambers. A small amount of bone penetration inside the regenerating space 

was found in controls BGCs and the granules were not surrounded by new bone. In the BGCs filled 

with the Tooth Transformer grafting material (test group), the formation of a more compact bone 

structure was evident and composed of newly formed bone mixed with grafted granules almost 

completely incorporated in the new trabeculae of the newly formed bone . This study clearly showed 

that the tooth graft obtained with a specific device has a better integration than the same tooth graft 

without any treatment [48]. Clinical and histological tests showed the complete absence of 

inflammation or adverse reactions to the use of the tooth treated with this new device as a grafting 

material.  The clinical tests showed a  perfect dentin integration during regeneration. However, it 

is necessary to better understand what happens in the stage of regeneration. To explore the 

histomorphometric outcomes of tooth derivative materials, as used as bone substitute material in 

socket preservation procedure, 101 histomorphometry was performed. The results indicate a mean 

value of average 38% of new bone produced  and only 7% of graft residual after only 5 months [49–

52].  
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Santos et al in 2021 tested the different results between demineralized dentin and xenograf 

material in alveolar ridge preservation. 52 patients with 66 implants were recruited and, after healing 

of the implants, the demineralized dentin showed a significantly higher quantity of newly formed 

bone and a lower amount of residual graft in histomorphometry results and equal clinical and 

patient-related outcomes [53]. 

A prospective, randomized, controlled clinical trial reports clinical, radiographic, histologic and 

immunohistochemical results of autologous dentin graft (ADG) and its comparison with a mixture 

of bovine xenograft with autologous bone (BX+AB). A statistically significant difference between the 

groups was found in the intensity of TNF-_ in the area of newly formed bone (p = 0.0003) and around 

remaining biomaterial particles (p = 0.0027), and in the intensity of BMP-4 in the area around 

biomaterial particles (p = 0.0001). Overall, ADG showed biocompatibility and achieved successful 

bone regeneration similar to BX+AB.[82] The dentin osteoinduction capacities were confirmed in a 

study by Min et al using two groups of rats comparing macroporous biphasic calcium phosphate and 

demineralized dentin. The osteoconduction capacity showed in this study suggests that dentin is a 

useful bone substitute [54]. 

Grinding is the first step towards using the tooth as a graft material, a protocol must be 

developed that allows a completely automated device capable of constantly reproducing the same 

results and maintaining osteoinductive abilities [3]. 

As regards the surgical use of teeth, extreme care must be taken not to disperse an unrepeatable 

sample (the extracted tooth) due to grinding techniques, where the disadvantages are the creation of 

particles not homogeneous in size (for example, too small), resulting often in material loss. Therefore, 

the size of particles should be as similar as possible to optimal weights. Systems for pulverizing a 

solid are of two types: high-speed mill and low-speed grinder [55,56]. 

To our knowledge, this is the first study in literature which analyzes the two grinder types and 

establishes the procedure to produce a dentinal particulate through a mechanical grinder.  

2. Materials and Methods 

The study was conducted according to the guidelines of the Declaration of Helsinki and 

approved by the local Ethical Committee for Biomedical Research of Chieti and Pescara (Prot. N. 

1869/21.03.2019). This study was executed in accordance with the guidelines of the Declaration of 

Helsinki. 

In the effort of trying to understand which was the system that guaranteed the best performance, 

two different grinding systems (Figure 1a–c) were evaluated, one at high speed (testing two different 

grinders), similar to a coffee grinder, and one at low speed, with concentric conical blades. The 

difference between high speed and low speed is in the RPM which stands for Revolutions Per Minute. 

Basically, it is how many times in a minute the burrs rotate. The speed is the measurement of one 

complete revolution of the blades. Most high speed grinders have a hammermill that spins anywhere 

between 1,100 to 1,200 RPM. These machines are typically assisted with some sort of feeding system. 

On the other hand, low speed shredders spin at 30 to 40 RPM and are often built without an assisted 

feeding mechanism. 

Low speed: these are at a lower RPM for two reasons. They usually have smaller burrs, and most 

are conical shaped. The lower RPM grinders usually have less heat buildup. Low speed shredder 

blades are conical concentrics with sharp edges. They have an accumulation zone of the material to 

be grinded called the upper chamber and a lower one. The distance between the blades in the lower 

chamber determines the size of the granulate. 

High speed : These usually have flat burr sets, and beefier motors. The flat burrs provide a more 

consistent grind and the higher RPMs grind the teeth faster. Hi-speed grinders are direct drive, which 

means less gears to wear or break, and are quieter. The blades of the high-speed shredder are shaped 

like a specular hammer, rotating on a central pin placed inside a sealed drum. The tooth is placed 

inside the drum and only after rapid rotation of the hammer the granulate is produced that then must 

be filtered to the right size of the granules [57,58].  
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A tooth was triturated, and then analyzed under a microscope to reveal the shape of the 

produced granules, (Figure 2a,b) filtered through calibrated sieves (Figure 3). A sieve analysis (or 

gradation test) is a practice or procedure used to assess the particle size distribution (also known as 

gradation) of a granular material by passing it through a series of sieves with progressively smaller 

mesh sizes and weighing the amount of material caught by each sieve as a fraction of the total mass 

[59,60].    
The procedure to sieve is: the vertical throwing action is combined with a small circular motion, 

resulting in sample dispersion throughout the whole sieve surface. The particles are  vertically 

propelled (thrown upwards). When they fall back, they do free rotations in the air and interact with 

the holes in the sieve mesh. Particles that are smaller than the openings pass past the sieve. They are 

tossed if they are bigger. The spinning motion while hung increases the likelihood that the particles 

will have a different orientation to the mesh when they fall back, and so may pass through the mesh. 

(Wikipedia: https://en.wikipedia.org/wiki/Sieve_analysis). 
Finally, granules with a size between 0.5 and 1 mm were weighed. 

 

Figure 1. (a) and (b) Two high speed grinders. (c) the low high speed grinder. 

 

Figure 2. (a) Granules produced with the high-speed grinder. Different sized granules can be seen, 

many of which are very small. (b) Granules produced with a lowspeed grinder, similar in size and 

similar in shape. 
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. 

Figure 3. Calibrated sieve able to differentiate the granules sizes. 

Tests were carried out to understand the percentage dispersion in terms of the dry weight of a 

ground tooth and then filtered through a sieve (Figure 3), to keep only the granules with a size 

between 0.5 and 1 mm. The granules were produced using a grinder (low and high speed) and then 

filtered by size using metal sieves (Figure 3) (Filtra, SenecoSrl, Milan, Italy) and divided into three 

groups: i) group A: particles from 200 to 900 μm; ii) group B: particles <200 μm; iii) group C: particles 

>900 μm. Only granules from group A were used for the tests. 

The tooth was weighed using Tanita super precision Mini weighing scale (Arlington Heights IL 

USA), before grinding and after grinding. 

A sample of 40 natural human teeth (Figure 4) was used without restorations, prostheses or root 

canal treatments. In the case of the low-speed grinder, the teeth were sectioned due to problems of 

insertion into the space between the blades and this resulted in a weight loss caused by the cuts.  

 

Figure 4. The forty natural human teeth used. 

However, it was decided not to weigh the teeth after sectioning because this represents one of 

the limitations of this system and it must be fully evaluated. The whole teeth were inserted into the 

high-speed grinder. 

The granules filtered through a sieve were then inserted into a device (Mastersizer 3000) 

allowing the quantification of both dry and wet granules through laser diffraction, to understand if 

the granules’ dimensions were in line with the requisite. 

The laser diffraction test indicated that, the average particle size varied between 406 and 815 μm 

with peaks up to 1110 μm. 
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3. Results 

Table 1 shows the two types of grinding and the corresponding tooth weight before grinding 

and after grinding. The weight difference is shown in the percentage of tooth loss. 

Table 1. Results of the tests. 

Type of test 
Average tooth 

weight before test 

Average tooth 

weight after test 
Lost tooth weight (%) 

High speed 1.2+/-0.53 0.56 +/-0.29 53.5+/-9.89 

Low speed 1.44 +/-0.62 1.32+/-0.58 9.16+/-2.34 

4. Discussion 

In recent years, several researchers have investigated the use of particles derived from 

autologous teeth as bone grafting material. In the study by Kim et al., once the soft tissues, tartar and 

foreign materials were removed, the tooth elements were divided and crushed, obtaining particles 

between 0.5 and 1.0 mm in size. The particles of the crushed teeth were immersed in distilled water 

and hydrogen oxide solution, dehydrated with ethyl alcohol solution and degreased with ethyl ether 

solution. Then, after the freeze-drying procedure, they were sterilized with ethylene gas and 

packaged [61]. Jun et al. also created the material in the form of a powder with particles of 0.5–1.0 

[62], while, in another study, sample teeth were pulverized into powder, with each particle having a 

diameter of 0.4–0.8 mm [63]. 

Murata et al. described that the teeth were crashed in liquid nitrogen, washed in 1M sodium 

chloride, and demineralized in HCl solution at pH2.0. The tooth particles were thoroughly rinsed in 

cold distilled water before being lyophilized into 0.4 and 0.8 mm  particles [64]. Nampo et al. 

obtained the graft material by removing the crown portions of the extracted teeth with scissors and 

trimming the root portions of the remaining teeth as close to 500 mm as possible. The trimmed tooth 

was then mixed with a measured amount of β-tricalcium phosphate [65]. Finally in the study by Kim 

et al. the particle size ranged from 0.2 to 1.2 mm [66].  

Various studies have investigated the effect of anorganic bovine bone matrix (ABBM) particle 

size on bone healing in order to define the perfect dimension of granules for the optimal use in 

regeneration surgery (Table 2). Histological and radiographic studies were carried out to understand 

if bone repairing could be influenced by the particle size [61–74]. 

Table 2. Graft granules’ dimensions reported by different studies. The table indicate what are the size 

of the granules commonly considered optimal in regeneration and then have a reference. 

Authors Granules’ dimensions (mm) 

Kim, Y., 2013  

[61] 
0.5–1.0  

Kim, Y., 2013 

[63] 
0.4–0.8 

Murata M., 2005  

[64] 
0.4–0.8 

Nampo T., 2010 

[65] 
0.5 

Kim Y., 2010 

[66] 
0.2–1.2 

Jun S.H.,2014 

[62] 
0.5–1 

Binderman I., 2014 

[73] 
0.3–1.2 

Dozza B., 2017 

[67] 
0.5–1.0 
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Testori T., 2013 

[69] 
1–2.0 

Kluppel L.E., 2013 

[74] 
0.2–0.4 

In the study by Kluppel et al. 18 male New Zealand rabbits were employed, and four cavities 

were drilled and filled with varying particle sizes of anorganic bovine bone matrix. The first cavity 

had small particles (under 450 μm), the second cavity included medium particles (450 to 749 μm), 

and the third cavity contained giant particles (750 to 1000 μm). Particulated autogenous bone was 

used to fill the fourth cavity (control group). The animals were slaughtered 15, 30, and 60 days 

following surgery. Before the decalcification process and histological assessment, radiographs of the 

cranial vault were taken. The authors concluded that anorganic bovine bone matrix particle size 

effects the bone healing process: smaller particles resorb faster and induce more bone neoformation 

than bigger particles [74]. 

Shapoff studied freeze dried bone allograft (FDBA), tiny particles (100–300 μm) combined with 

bone marrow, and big particles (1000–2000 μm) mixed with bone marrow in six Rhesus monkeys. 

The findings indicated that the tiny particles produced more bone. The authors indicate the possible 

superiority of the smaller graft with some reasons: the increase in surface area, the release of a large 

amount of calcium salts by hydrolytic enzymes, and the increase in the number of pores all encourage 

bone formation [71]. 

Different results were reported in the study by Testori et al. [69]. The authors compared vital 

bone formation after maxillary sinus augmentation using two different particle sizes of anorganic 

bovine matrix, finding a statistically significant increase in vital bone formation in the larger particle 

grafts [69]. 

Kon et al. employed twenty-four rabbit cranial bones to evaluate the augmentation process of 

two distinct autogenous bone graft particle sizes: large LB (1mm-2mm) and small SB (150–400 μm) 

particles were used. Autogenous bone is thought to be the gold standard for bone augmentation in 

the clinical setting. Nevertheless, the capacity to enhance may vary depending on particle size. By 8 

weeks, the SB had shrunk to 51.3% and 51% of its initial volume and height, respectively, while the 

LB had maintained its volume. Finally, they proposed to use big autologous bone particles [75]. 

In another work demineralized freeze-dried cortical bone allograft (DFDBA) was processed and 

crushed into two sizes: 250–500 μm) and 850–1000 μm). Ten individuals with intrabony defects were 

chosen at random and, for each defect, soft and hard tissue measurements were taken. The bone 

defect fill was computed as a depth reduction from a given position: for the tiny particle group, it 

was 1.32 mm, while for the big particle group, it was 1.66 mm. This difference did not result as being 

statistically significant [76]. 

The osteoconductive capacity of deproteinized bone particles of two distinct diameters (300–500 

and 850–1000 mm) in rabbits was compared in the study of Xu et al. The deproteinized bone was 

made from white rabbit limbs. The cortical bone was cooked in water for 10 hours before being 

immersed in 1 NHCl. Finally, the bone was sintered in an electric fumace for 5 hours at 600° and 5 

hours at 1100°. In a bone mill, the bone was crushed into two particle groups: big particles (850–1000 

m) and small particles (300–500 m). Finally, particles were used to create the sinus lift. Small particle 

groups produced superior outcomes [77]. 

In sheep femoral condyles, larger particles of silicate-substituted calcium phosphate (diameters 

of 250–500 or 1000–2000 mm, respectively) tended to preserve the volume of early bone formation 

better than smaller particles (90–120 mm) [78]. Larger particles tended to be retained in newly 

produced bone tissue, owing to the longer time required for dissolution or remodeling [72,79]. After 

successful engraftment, an autogenous bone block graft demonstrated a lower bone resorption rate 

than the particulates [80]. 

Koga et al. compared DDM, partial DDM and mineralized dentinal matrix, using three different 

sizes of graft particles for each group [81]. Defects in the sheep’s cortical bone were realized by 

inserting scaffolds of different sizes (large, 1–2 mm), (small, <0.5 mm), (medium, 0.5–1 mm); 
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subsequently clean, pulverized human teeth were divided into three groups according to sizes. The 

best result was obtained from dimensions ranging between 0.5 and 1 mm. Smaller particles are too 

quickly resorbed to ensure sufficient space retention over time and to allow for bone formation. It is 

therefore obvious that the best performances are obtained when the dimensions of the granules are 

homogeneous and they are between 0.5 and 1 mm [81]. 

Dozza et al. analyzed the demineralized bone matrix (DBM) collagen-based biomaterial. A 

cortical sheep bone was ground and three different granule graft sizes were inserted and analyzed: 

Small (<0.5mm) medium (0.5 mm–1 mm) and large (1–2 mm). The authors concluded that medium 

particles were the best condition for cytocompatibility and recommended the use of an average size 

of 0.5 to 1 mm [67]. 

Some authors stated that osteoclast-like multinucleated giant cells appear to prefer small 

particles (<1 mm) in both autogenous bone and bone substitutes, such as bovine mineralized bone 

[75,82]. 

Larger bone replacement particles, on the other hand, can provide a greater quantity of bone 

augmentation. Larger autogenous bone particles (diameter, 1-2 mm) produced a greater augmented 

bone volume than smaller particles in a vertical bone augmentation model in rabbit calvaria utilizing 

polytetrafluoroethylene chambers (diameter, 150–400 mm) [83]. 

DDM resorbs faster than mineralized dentin, producing the best osteoconduction results, but 

very small parts may result in rapid graft resorption and failure to preserve volume [52,61].  

Dimensions under 400 μm are reabsorbed from osteoclasts in a short time. Conversely, 

dimensions over 1000 μm are impossible to be reabsorbed. For this reason, granules produced by the 

two different speed grinders are sieved and the granule dispersion is analyzed using a master sizer 

3000, laser diffraction particle size analyzer (Malvern Panalytical Ltd, UK.) This first analysis, despite 

the limitations due to the number of elements analyzed and the tools used, made it possible to 

establish that the grinding at low speed, resulted in a more homogeneous grinding andwas more 

efficient, allowing a greater percentage of the tooth to be available for use.  

These findings suggest that bigger particles (1 mm) have stronger mechanical resistance as a 

mass for space-making than smaller particles (1 mm), and that space-making capability is more 

critical for early bone formation than the balance of bone resorption and formation. Nevertheless, 

dentin differs from the other graft materials in several ways. One of the most significant aspects is 

that no volume is lost during the preparation since it is unable to add (extract) additional material, 

and this process is based on the use of a removed tooth, thus it makes no sense to remove another 

tooth for graft usage.This element, which should be a limitation, should instead push to evaluate 

every single part of the preparation in order to avoid losing any component of the removed and 

useful teeth for producing grafting material.  

As a result, several researchers have investigated the tooth's weight and typical volume. A total 

of 205 removed teeth were weighed and measured with a millimeter-level syringe using a 

professional digital micro scale. The average weight varied from 0.68 gr to 1.88 gr, while the average 

volume was 0.38 cc to 0.96 cc. The volume is sufficient to accomplish the majority of the graft 

operation, but it is impossible to add more material in the same procedure if production is low. The 

findings indicated that the material produced from teeth might be adequate to be used as bone 

grafting material. However, the varying grinding from different machines may alter the volume 

available for regeneration [84].  
The evaluations of the authors are exactly the point and purpose of this study.The only usable 

engineering solutions for the fragmentation of a solid structure transforming it into granular are: the 

first is high speed by means of flat blades that rotate inside a capsule container and the structure to 

be fragmented is placed inside the capsule itself, the second is a concentric conical blades that rotate 

on the same axis and at low speed where the solid structure must be inserted in the space between 

the conical blades. 

The test anlyzed three different data:  

1. average tooth weight before the test : each tooth was weighted to be able to compare the weight 

after the treatement 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 May 2023                   doi:10.20944/preprints202305.0216.v1

https://doi.org/10.20944/preprints202305.0216.v1


 10 

 

2. average tooth weight after the test: each pulverized tooth was weighed after the treatment to be 

able to compare with the same tooth weight before the treatment 

3. lost tooth weight (%): the difference between before and after the treatment was measured in 

percentage of weight loss 

After sieving, the two different speed grinders produced the same particulate. The high speed 

showed a greater dispersion. The dispersion was due to the pulverization (highly thin granules) of 

part of the tooth. The shape and the dimension of the granules was very different, so to obtain optima 

granules for the regeneration surgery a lot of parts of the tooth could be lost (Figure 2a). The 

percentage of the mean tooth lost with this high-speed grinder is 53.5+-9.89% of the tooth load. 

The low-speed grinder does not pulverize the dentin and creates a regular dimension of the 

tooth granules. The percentage of teeth loss is 9.16+/-2.34%. 

5. Conclusions 

This study compared a low-speed grinder and a high-speed grinder obtaining different results. 

Even if the two methods produced the same particles, there was a minor dispersion of tooth material 

in the low-speed grinder group. From both a clinical and an ethical point of view, is better to save a 

major part of the tooth to have a maximum quantity of graft material. The tooth is not a commercial 

graft material and is not possible to buy more graft if the production is not enough. That is the reason 

why it is necessary to optimize and not lose the volume produced from a single extracted tooth. 
The low speed grinder respects this indication but extends the procedure time. In the near future, 

a new system capable of combining the rapidity of high speed with the maintenance at low speed of 

the volume should be developed. Further studies must be promoted to achieve this result. 
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