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Objective: The aim is to evaluate the potential of the mesiodens through the comparative inorganic analysis of 3rd molar teeth
prior to clinical study.

Material and methods: The extracted mesiodens and the 3rd molar teeth were prepared. The teeth are prepared as in the process
of the autogenous tooth bone graft. Scanning electron microscopy (SEM), energy dispersive X-ray spectroscopy (EDS), X-ray
diffraction (XRD) analysis was performed for inorganic analysis.

Results: Rough and porous surfaces were observed in all materials in SEM analysis. Ca/P ratio of mesiodens was 1.55 and the
3rd molar was 1.22 in EDS analysis. XRD analysis shows that the 3 main peaks position were similar. This means that the graft
materials are very similar to that of the crystallinity.

Conclusions: The mesiodens and the 3rd molar teeth are very similar to the inorganic component. These results provide the
reasonable rationale that mesiodens can be used as autogenous tooth bone graft in a clinic.
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Ⅰ. Introduction

The autogenous bone graft had been used for the

reconstruction of maxillofacial hard tissue defect, but

the disadvantage such as morbidity of donor site1). The

development of xenogeneic bone and synthetic bone

have been made in order to overcome this limitation,

but the problem such as the delay of the bone

remodeling, immune rejection was raised1. Thus,

recently, the research about the autogenous teeth graft

material using extracted tooth was actively performed

and the clinically good result was reported in many

researches1, 2). Also, the concern with the autogenous

teeth graft material has been growing, patients try to

utilize extracted tooth as the autogenous teeth graft

material. The autogenous teeth graft material is made

by mainly using the 3rd molar, sound tooth which is

extracted with the periodontal problem, extracted

premolar for the orthodontic treatment. Kim3) reported

the good bone revision by using the autogenous teeth

graft material using the premolar in the bone graft for

implant surgery. Thus, the author paid attention to the

possibility as the autogenous teeth graft material of the

supernumerary tooth, not the 3rd molar or other teeth.

The generation of the supernumerary tooth was not

clearly clarified but the insistences that extra tooth bud

was formed by growth of extra dental lamina or

superactivity of dental lamina are widely supported4).

The supernumerary teeth have the form which is

similar to the neighboring natural teeth. Mesiodens are

the most common supernumerary teeth. It can occur in

0.15% to 1.9% of the population and show up

individually or numerously5). In addition, mesiodens

can change both position and eruption path of the

permanent incisor clinically then cause malocclusion6).

Once a mesiodens has been diagnosed, the result that it

is clinically better to extract a tooth during the early

mixed dentition stage was reported7).

Thus, this study evaluate possibility as the

autogenous teeth graft material of mesiodens by

comparing and analyzing the surface structure, the

Ca/P ingredient and crystallinity. 

Ⅱ. Materials and Methods

We got approval(CUDHIRB-1609-042) of Chosun

Dental Hospital Clinical Trial Center Institutional

Review Board(IRB). Teeth of the patients before the

age of 30 regardless of sex were selected considering

teeth extraction period. First, each 5 samples of the

mesiodens and the 3rd molars which are extracted from

the patients was put into the saline solution and stored

in the refrigerator. We did not consider the position of

the 3rd molars. Then, the following process8) was gone

through to make the autogenous teeth graft material by

using extracted teeth(Table 1). 

The scanning electron microscope(Scanning

Electronic Microscopy, SEM: JSM 840-A, JEOL co.,

Japan) was used. The sample was examined at 100,

500, 1,500, and 5,000 magnification according

to the surface analysis method specified by the Food &

Drug Association safety office “physicochemical

characteristic evaluation guideline of the dental graft

material”.

Energy Dispersive X-ray Spectrometer EDS(ISIS

310, Oxford, UK) was used to analyze qualitatively,

quantitively the components including the calcium and

phosphorus of the mesiodens and the 3rd molars. Then
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we analyze the average and standard deviation of each

5 pieces.

X-ray Diffraction (X’Pert PRO MRD, PANalytical

co., Netherlands) analysis was performed separately to

compare and analyze the crystallinity of mesiodens and

the 3rd molar. Each graft materials were made with the

powdered form for the XRD analysis. XRD analysis

was performed with each graft material put into the

glass sample case in the Celsius 10-90 degree.

Ⅲ. Results 

Surface structure

The morphology such as the particle size, surface

roughness, pore size could be analyzed by observing the

surface of the mesiodens and the 3rd molars via the

scanning electron microscope. The particle size and

form of graft materials are similar and the 300-1000um

uniform-size could be confirmed in the low resolution

( 100). Also, the high density, and the various forms

were observed in mesiodens and the 3rd molars. In 

500, 1,500, the surface roughness of each graft

materials can be observed. There are many micropore,

which is dentinal tubule. In 5,000, the irregular

micropores of about 10um size can be observed(Fig. 1).

Surface component

In the results of EDS of the mesiodens, the carbon

occupied about 31.0% and the oxygen was the most

abundant about 51.1%. The calcium and phosphorus

atomic ratio (Ca/P) was about 1.55. In the results of

EDS of the 3rd molar, carbons were the most abundant

about 61.7%, oxygen occupied about 32.6% and the

Ca/P ratio was about 1.22. The carbon(C), oxygen(O),

phosphorus(P) and calcium(Ca) only existed in all

graft materials (Table  2). 

In our research, the Ca/P ratio of the mesiodens was

high more than the 3rd molar. There is a difference

between the organic matter and collagen in the tooth.

The ratio of the carbon of the mesiodens and the 3rd

molar shows the big difference in this research. It is

considered that the ratio of the organic component of

the mesiodens such as the dentin or pulp is smaller than

that of the 3rd molar9).

Crystallinity analysis

X-ray diffraction analysis(XRD) was performed

separately on each graft materials to analyze

crystallinity of the mineral components. The analysis

ORIGINAL ARTICLE

① The teeth are washed by 30% hydrogen peroxide in the Celsius 70 degree. 

② Thereafter, it washes 2 times again with the distilled water. 

③ And then, the washed teeth were pulverized for 3-5 seconds by the mixer mil and made with 300-1000um size. 

④ After that, it dehydrates by the ethyl alcohol and the pulverized teeth are put into 2% nitric acid solution and it stirs for 20
minutes for decalcification. 

⑤ If the decalcification is completed, it washes the distilled water for 10minutes and repeat 3 times then it freezes, lyophilize
and the autogenous teeth graft material is made.

Table 1. Sample process8)
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Fig. 1. The SEM analysis of surface of the mesiodens(A) and the 3rd molar(B)

C 31.03 ± 2.00 61.71 ± 2.79

O 51.06 ± 2.30 32.59 ± 1.13

P 6.96 ± 0.60 2.49 ± 0.75

Ca 10.68 ± 1.64 3.15 ± 1.41

Ca/P 1.55 ± 0.14 1.22 ± 0.21

Table 2. EDS Analysis of the components of each group

Element
Mesiodens The 3rd molar

At%(mean ± SD) At%(mean ± SD)
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was performed between the Celsius 10-90 degrees and

displayed the phenomenon that 3 major peaks

consistency. This shows that the inorganic component

crystallinity of each 2 graft materials is very similar

(Fig. 2).

Ⅳ. Discussions

The healing mechanism of the bone graft material is

classified into the osteogenesis, osteoinduction,

osteoconduction. Autogenous bone graft material has

limited harvest volume and cannot avoid the re-

absorption and have the second defect and can cause

postoperative inconvenience1). Allogeneic bone

involves the risk of the transition of the infectious

disease10~12). 

The xenogenic bone graft material uses the animal

bone of pig, cow and it is easy to purchase. However,

there is the risk of infectious disease of the other

animals. Also, in the disinfection process, bone

reproduction property may be reduced by the

deproteinized process13~15). The synthetic bone graft is

the artificial material for comprising bone and mainly

contains the inorganic component like the calcium

phosphate including the hydroxyapatite16). It has

excellent biocompatibility and stability but it takes a

long time to absorb and it delays bone regeneration

speed. Also, it has no osteoinductive properties17, 18).

These products are at risk of immune rejection,

infection, etc. and lack the characteristic including the

osteogenesis, osteoinduction, and the cost is expensive.

ORIGINAL ARTICLE

Fig. 2. The crystalline analysis of each material 
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Thus, Kim1, 19, 20) had been researching on the graft

material that uses the autogenous teeth since 1993.

Extracted tooth in the person is classified as the

shipment so it should be discarded. Moreover, the

allogenous bone graft is contraindicated in the clinical

procedure due to a legal problem. But, its own tooth is

processed and can be used in the implant surgery with

the consent of the patient. The technique intentionally

making the tooth root remain to the alveolar bone for

alveolar bone conservation in the past been introduced.

The root rest which is not taken with the infection

doesn't cause the special problem in the alveolar bone

because the ingredient of the tooth is similar to the that

of jaw bone21, 22). If the 3rd molar comes close to the

inferior alveolar nerve canal or its extraction is

difficult, the long-term safety was proved by

performing intentional coronectomy as alternative of

extraction23, 24). Based on this kind of the clinical basis,

the autogenous tooth is processed for the bone graft

material. Recently, the Kim25) reported that autogenous

teeth graft material is the most similar to the autogenic

bone in comparison with the other bone graft material

by analyzing the surface structure and physico-

chemical property of the autogenous teeth bone graft

material by using the scanning electron microscope, X-

ray diffraction analysis, and Ca/P solubility inspection.

Also, there was no immune reaction or foreign body

reaction and the bio-compatibility was excellent and

there was no risk of infection, the psychological

rejection of the patients can be reduced since the bone

graft material using the autogenous tooth1). 

Mesiodens is a supernumerary tooth located in the

maxillary central incisor region and usually do not

erupt5). According to the research of Orhan26), one

supernumerary tooth showed in the case of 76-86%, 2

supernumerary teeth showed up in 12-23%, and

additional supernumerary tooth was reported as less

than 1%. In the research of Ray27), mesiodens in the

male is twice as frequently as that in the females. The

sex difference was reported in the other research. Rajab

& Hamdan28) reported supernumerary tooth affect more

male than female with the ratio of 2.2:1. Mesiodens can

be classified into cornical shape, incisor shape, and

tubercle shape on the basis of their morphology. The

conical shape is the commonest among these29, 30). In the

several patients, the mesiodens sometimes erupts

normally. However, it is usually impacted or

conversely positioned. This supernumerary tooth has

the abnormal eruption path or it is considered to ectopic

eruption31). If the tooth is unerupted, the eruption of the

neighboring permanent tooth can be obstructed or the

malocclusion such as the diastema, change of the angle

of adjacent permanent tooth, crowding can be

caused32). Also, it was reported that the mesiodens is

rarely related to dentigerous cyst33). For this reason,

most dentists and oral, maxillofacial surgery dentist

suggests to extract mesiodens in the appropriate time.

We performed SEM, XRD and EDS analysis in

order to confirm the possibility as the autogenous tooth

graft material. SEM analysis is the method of the

morphology figure of the surface structure. SEM can

analyze sample material size, a degree of

crystallization, micropore and macropore, pore size,

surface roughness and porosity. These are closely

linked to bioactivity in implanting the graft material.

The degree of crystallinity is defined as the ratio of the

calcium phosphate and it plays an important role in the

protein absorption, cell adhesion and dissolution of the

biomaterial34). Micropore plays a significant role in the

penetration and attachment between cell and body fluid
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and means the pore structure less than 10um35).

Through the uneven surface and micropore observed

above research, it is considered that autogenous tooth

graft material of the mesiodens forms the surface of the

ideal bone graft material. 

EDS equipment evaluates the components by

analyzing the emitted X-ray from graft material by

collision of electron. The EDS equipment has a

relatively high energy and penetrates deep into the graft

material36). Generally, the inorganic component of the

tooth is comprised of the calcium phosphate (the

hydroxyapatite(HA), tricalcium phosphate(TCP),

octacalcium phosphate(OCP), amorphous calcium

phosphate(ACP), and dicalcium phosphate

dehydrate(DCPD))37). It is important to understand the

relationship between the Ca/P ratio, acidity and

solubility due to the various molecular structure of the

calcium phosphate. If the Ca/P ratio is smaller than 1,

the acidity and solubility is climbing sharply. If the

ratio is very low, the absorption becomes fast.

Consequently, graft material doesn't function as

scaffold normally. On the contrary, if the Ca/P ratio is

high and it becomes close to 1.67 which is HA with the

chemical formula, the acidity and solubility reduce.

There is a disadvantage that the water-absorption is so

low38). HA is equal to the crystallographic structure of

the bone mineral. Bone graft material based on HA

generally is considered nonabsorbable material. On the

contrary, TCP displays 1.5 of the Ca/P ratio and is the

precursor of the bone and is closer to the amorphous

structure and it has high osteogenic property in the

bone defect. Also, TCP is observed in the high ratio in

the newly formed bone25). Saffar39) inserted TCP to the

intrabony cystic lesion of 4 patients. They took a

biopsy after 10~16 month and observed histologically.

Moreover, they reported that TCP have the property

promoting the new bone formation and when the

osteogenesis is initiated, TCP simultaneously begins to

be actively absorbed. TCP was completely absorbed

when the osteogenesis is completed. And, Kim40)

reported that the Ca/P ratio of the crown was close to

HA in 1.75, and that of root was close to ACP in 1.32.

That is, crown has high rates of HA, root have high

rates of ACP. Our research indicates that Ca/P ratio of

the mesiodens was close to TCP in 1.55 and the 3rd

molar displayed 1.22. Since the ratio of TCP is high, it

suggests the possibility of osteogenic property of

autogenous tooth graft material. 

In this research, the ratio of the carbon oxygen of the

mesiodens and the 3rd molar showed the big

difference. We suppose that it's because of the organic

component of the mesiodens, the ratio which the dentin

or pulp occupies, is smaller than that of the 3rd molar.

The X-ray Diffraction(XRD) is the method to

investigate the solid crystal structure by analyzing the

radiological diffraction pattern of the powdery

specimen. Even if the chemical formula of the

materials is equal, the crystal structure can be different.

The crystal structure and size can be estimated by X-

ray diffraction. The more width of XRD peak is wide,

the less the crystallinity is low and the more narrow and

steep, the high crystallinity is shown41~44). It is

previously reported that main component of tooth ash

processed at high temperature is comprised of HA and

-TCP19). Meanwhile, autogenous tooth bone graft

material contains all the calcium phosphates in 4 stage.

XRD pattern displays the other aspect on the crown

and root. That is, the root mainly consisting of the

dentin and cementum was the low crystallinity and

crown which has high rates of enamel was high

ORIGINAL ARTICLE
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crystallinity. If the crystallinity is high and the particle

size is big, the disintegration is impossible and the

osteoconduction property is very low and the

depolymerization by the osteoclast cannot be done.

Also the low crystallinity carbonic apatite shows the

most excellent bone conduction property45). In the other

research including the Kim37), the XRD patterns of the

autogenous bone, autogenous tooth graft material and

allogenous bone was similar and show low

crystallinity. However, the XRD patterns of the

xenogeneic bone and synthetic bone displayed narrow

and steep similarly. This showed that 2 materials are

high crystallinity. In above research, it is difficult to

identify whether or not it is high crystallinity. We could

know that their crystallinity is similar because the value

of the theta which the peak shows up about the form of

the mesiodens, the 3rd molar was consistently

observed.

Ⅴ. Conclusion

The possibility of the osteogenic property as the

autogenous tooth graft material was confirmed through

EDS analysis. crystallinity of these was very similar

through the XRD analysis. This means that mesiodens

is very similar to the inorganic component of the 3rd

molar. The morphology and size of mesiodens is very

various, further studies are needed to investigate the

clinical application.
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