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IntroductIon

One of the most worldwide procedures is the extraction, and 
teeth are still considered clinical residue and, therefore, are 
discarded. The healing process of bone sites results in significant 
changes to the ridge contour and alveolar bone loss in three 
dimensional (3D). This is mainly due to the relative osseous 
density differences.[1,2] Most of this accelerated bone loss occurs 
during the first 3 months following tooth extraction and gradually 
slows down over the ensuing months.[2] Many biomaterials have 
been used in dental surgery and a variety of new biomaterials 
have been marketed for maxillofacial, implant, and periodontal 
surgery. Graft biomaterials are used to repair hard and soft 
tissue defects. In general, extracted teeth have been discarded as 
infectious medical waste in the world. Most of the nonfunctional 

teeth are an ideal native resource to be grafted immediately.[3,4] 
The human demineralized dentin matrix, from extracted crushed 
human teeth, was developed in 2008 for its osteoconductive 
and remodeling capacity in implant dentistry. Bone and 
dentin are made up of body fluid (10%), collagen (30%), and 
hydroxyapatite (60%) by weight.[3] Dentin is an acellular matrix 
rich in collagen without vessels, whereas bone is a cellular tissue 
with vessels. Enamel consists of 96% inorganic substances and 
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4% water, while dentin has 65% inorganic substances, 35% 
organic substances, and water. Cement is made up of 45%–50% 
inorganic substances, 50%–55% organic substances, and water. 
Finally, the alveolar bone has 65% inorganic substances and 
35% organic substances.[3-5]

A “smart dentin grinder TM” was designed to grind and 
classify the extracted teeth into a specific size dentin particle. 
A chemical cleaner was applied to process the dentin particles 
in a bacterium free for 15–20 minutes.[6] Its novel procedure 
is indicated mainly in cases in which teeth are extracted for 
periodontal reasons and partially or impacted teeth. Teeth that 
have had root canal fillings should not be used in this procedure 
due to foreign material contamination.[7-11]

Medical imaging has become an essential field to address the 
diagnostic and therapeutic needs of our patients. Its enormous 
innovation in all areas of biomedicine aims to obtain crucial 
data and information that are integrated and used by different 
professionals to optimize the clinical practice of different 
medical disciplines.[12]

Computed tomography (CT) uses an x-ray source that rotates 
around the object of study to obtain images in cross-sections 
that allow the reconstruction of a more precise image than with 
classic radiographs. Since 1972, the technique has evolved 
and there are currently three types of CT: medical CT, dental 
or cone beam computerized tomography, and micro-CT.[13]

The obtaining of the image is produced thanks to logarithmic 
calculations that analyze the radiation through detectors, 
providing the radiation attenuation coefficient at each 
determined point, decomposing the analyzed structures into 
units called voxels (minimum processable volumetric unit), 
which are equivalent to one volume. Therefore, unlike the 
classic radiological imaging techniques where we obtain 
flat images formed by pixels, CT is the only volumetric 3D 
technique that allows us to measure bone density available 
using the UH scale, obtaining 3D images made up of these 
voxels. Each of these voxels gives us a numerical value, the 
data-raw, which can be processed mathematically thanks to 
the software included with the tomography, to later obtain a 
complete and quantifiable image.[13-15]

MaterIals and Methods

The study consisted of four Beagle dogs approximately 1 year 
old, weighing 14–15 kg each. The Ethics Committee for 
Animal Research of the University of Murcia approved the 
study protocol that followed the guidelines established by the 
Directive of the Council of the European Union of February 
1, 2013/53/CEE, Number A1320140404.

The clinical examination determined that the dogs were in 
good general health. The animals were quarantined for the 
application of the rabies vaccine and vital.

The animals were preanesthetized with zolazepam 10% at 
0.10 ml/kg and acepromazine maleate (Calmo-Neosan®, 

Pfizer, Madrid) 0.12–0.25 mg/kg and medetomidine 
3 5  l g / k g  ( M e d e t o r  1  m g ,  Vi r b a c ,  C P - P h a r m a 
Handelsgesellschaft GmbH, Germany). The mixture was 
injected intramuscularly into the quadriceps femoris. The 
animals were taken to the operating room where, at the first 
opportunity, an intravenous catheter (diameter 22 or 20 G) 
was inserted into the cephalic vein, and propofol infusion 
was administered at a rate of 0.4 mg/kg/min as a constant 
slow infusion rate.

Anesthetic maintenance was performed with volatile 
anesthetics and the animals were subjected to tracheal 
intubation with a Magill probe for adaptation of the anesthetic 
device and the administration of volatile isoflurane diluted in 
oxygen (2V%). In addition, local anesthesia (Articaine 40 mg, 
1% epinephrine, Normon®, Madrid, Spain) was administered 
at the surgical sites. These procedures were carried out under 
the supervision of a veterinary surgeon.

Mandibular premolars and first molars (P2, P3, P4, M1) were 
extracted bilaterally [Figure 1] under general anesthesia. 
Multi-rooted teeth were sectioned in a buccolingual direction 
at the bifurcation using a Tungsten carbide bur so that the 
roots could be extracted individually, without damaging the 
remaining bone walls.

Clean and dried teeth were immediately ground using the 
specially designed “Smart Dentin Grinder” for this procedure. 
The tooth particles that were obtained were 300–1200 um, 
which were subsequently sieved through a special classification 
system in two compartments [Figure 2].

The crushed teeth were dipped in a basic alcohol cleanser in 
a sterile container to dissolve all organic debris and bacteria 
for 15 min. The particles were partially demineralized with 
ethylenediaminetetraacetic acid for 2 min and are then 
cleaned with buffered saline for 5 min following Kometabio 
Company (Fort Lee, NJ, USA) indications [Figures 3 and 4].[7]

After extraction of the premolars 3 and 4 and first molar, 
alveoli were filled with freshly extracted crushed teeth, 
while the premolar 2 postextraction alveoli on both sides 

Figure 1: Lower premolars P2, P3, P4, and first molar M1 of hemi 
mandible extracted sites for bone regeneration
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remained untreated and allowed to heal naturally (Control 
Group) [Figure 5].

All surgery was performed under the supervision of the 
veterinarian assigned to the Animal Research Unit of the 
University of Murcia. Silk sutures (3-0 TB-15, Lorca Marin® 
Ref. 55346) were used to cover the grafted areas. Stitches were 
removed after 2 weeks. Throughout the surgical procedure, the 
intravenous line was hydrated with (glucose-saline) (250 cm3) 
to aid the postsurgical recovery of the animals. The following 
anti-inflammatory, analgesic, and antimicrobial drugs were 
administered: Voren® anti-inflammatory (dexamethasone 
isonicotinic), 1–2 ml intramuscularly and Antibiotic 

Bivamox® (amoxicillin), 2 ml intramuscularly. The antibiotic 
and the anti-inflammatory were administered after surgery and 
every other day for 4 days to prevent postoperative infection 
and inflammation, following the guidelines established by 
the animal research ethics committees. The animals received 
antibiotics twice a day (Amoxicillin 500 mg Clamoxyl® L. A., 
Pfizer, Madrid).

After surgery, the dogs were transferred to each of their cages 
where they remained under veterinary supervision. During 
the days following surgery, postextraction wounds were 
postsurgical care to avoid infection and the general health of 
the animals was monitored. The animals were fed ad-libitum 
with a soft diet.

The oral mucosa was disinfected and cleaned with gauze 
soaked in a Sea 4 seawater-based mouthwash (Blue Sea 
Laboratories, Alicante, Spain). This procedure is always the 
same in Murcia Animal Research Department when you work 
with dogs. Periapical radiographs were taken after 2 months 
of healing [Figure 6].

At 2 months of healing, a local anesthetic was applied to the 
vestibular and lingual gums and a crestal incision was made 
in the regenerated area from the canine to the second molar. 
A full-thickness flap was lifted and using a 3 mm diameter 
trephine, three biopsies were taken from the control points 
and regenerated bone at 60 days on the left and right sides, 
respectively, six in total [Figure 7].

The bone cores used were scanned after the surgical intervention 
using an Albira trimodal preclinical scanner (Bruker®, 
Massachusetts, USA) obtaining an image with a resolution of 
less than 0.05 mm and its reconstruction in 3D [Figures 8 and 9]. 
The acquisition parameters are summarized in Table 1.

Measurements were calculated using a medical imaging data 
examiner (Amide, UCLA University, LA, USA). A global 
description of all statistical values was made including mean, 
standard deviation, median, minimum value, maximum value, 
size of the VOI (volume of interest) in mm3, voxel fraction, 
and total voxels.

An analysis of both the biomaterials and the biopsies was 
performed, calculating the percentages of Hounsfield 
units (HU) that characterized the samples by determining 
predefined volumes and creating individual iso-contours 
following the subjective classification of bone quality and 
volume proposed by Lekholm and Zarb in 1985 and its 
subsequent modification by Misch based on the location, 
composition, and type of density measurable by computed 
tomography, in which 4 types of bone are differentiated: 
D4 (200–400 HU), D3 (400–800 HU), D2 (800–1000 HU) 
and D1 (>1000 HU).

In our case, we start from 200 HU as the minimum density 
value in D4 to avoid selecting excess material does not 
equivalent to the sample. The measurement method developed 
is presented as follows:

Figure 2: Extracted teeth before grinding

Figure 3: (a) Smart Dentin Grinder machine using for the study, (b) teeth 
roots inside smart dentin grinder chamber, (c) tooth particles obtained 
after grinding

c

b

a

Figure 4: (a) Particulate teeth were dipped in a crystal recipient, (b) 
basic alcohol cleanser (red cup), Ethylenediaminetetraacetic acid (blue 
cap), and saline (green cap) were used for teeth cleaning and disinfection

ba
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Biomaterial analysis, evaluated following the following 
sequence:
1. Creation of 3D iso-contours of the samples determining 

a minimum HU value for the creation of VOIs (volume 
of interest) following the classification [Table 2].

These volume delimited VOIs are statistically analyzed by 
the above-mentioned examiner (AMIDE Medical Imaging 
Data Examiner). Next, the biopsies were studied applying the 
same measurement protocols as for the individual samples, 
with slight modifications due to the size and heterogeneity of 
the samples [Figure 10].

Statistical analysis
Values were recorded as mean-standard deviation. If the 
distribution of two paired variables in two related samples is 
the same, the test considers the magnitude of the differences 
between those two paired variables. Equal means were 
considered as null hypotheses, while the existence of significant 
differences between means acted as an alternative hypothesis. 
As significant differences between the existing means, the 
null hypothesis was rejected. All data were expressed as 
mean means and standard deviation. Statistical analysis was 
performed using SPSS 15.0 software (SPSS, Chicago, IL, 
USA). Significance was established as P < 0.05.

results

Dentin grinder
After 2 months of healing, twenty-four postregeneration cores 
of dentin graft we obtained that the most newly bone formed 
was Density D3, followed by D2 bone, compared with another 
type of densities Table 3.

Return on investment (ROI) boxes were made in the middle 
of each dentin graft core and determined the amount of newly 
formed bone on top, middle, and at the bottom of each core to 
determine the quality of bone in different areas [Figure 11].

We can observe how we obtain with the three boxes located at 
different points in the core, similar characteristics in terms of 
percentage of volume concerning the volume defined according 
to the HU [Figures 11 and 12].

The descriptive analysis showed that in the upper area 
of the core, most of them is related to D4 bone density 
(0.509% ± 0.14%); the middle area, we found D3 bone 
density (0.734% ± 0.22%) and the bottom D2 bone 
density (0.858% ± 0.33%) [Table 4].

Table 2: Different isocontour of bone density
Isocontour 3D VOI 0.2 (200 HU)
Isocontour 3D VOI 0.35 (400 HU)
Isocontour 3D VOI 0.85 (800 HU)
Isocontour 3D VOI 1.25 (1000 HU)
VOI: Volumes of interest, HU: Hounsfield units

Figure 5: Particulate teeth placed in all alveoli except premolar two

Figure 6: (a) Periapical radiographs immediately after filling, (b) 
Periapical radiograph after 2 months of healing showing complete bone 
reconstruction

ba

Figure 7: (a) Mandibular healed bone after 2 months with dentin graft, 
(b) 3 mm trephine use for core extraction, (c) three bone cores in each 
mandible obtained after grafting with particulate teeth, (d) bone core 
after dentin graft

dc b

a

Table 1: Micro‑computed tomography acquisition 
parameters (own design for each biomaterial)

Data Values
Voltage (kV) 46
Intensity (mA) 0.3
Dosis (mA) 0.4
Voxels size (mm) 0.05
High resolution (projections) 600
Digital flat panel (pixels) 2401×2401
Field of view (mm) 80×80
Reconstructed FBP
FBP: Filtered backprojection algorithm
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During the evaluation of the ROI isocontour, the AMIDE 
program expresses different colors of different bone 
densities [Table 5]. There is a marked predominance of D3 
bone density (400–800) in the sample with a mean percentage 
of 53.89%. All data are expressed in Table 5.

The presence of bone-like density D3 predominates, coinciding 
with the analysis of the VOI comprised in the cylinder 

evaluated previously. In this last sample, we observed how 
the presence of D4 bone-type density predominates, unlike 
the volumetric analysis where a majority percentage of D2 
bone-type density is present. This is due, as in the previous 
cases, to the presence of nonbone tissue with a density equal 
to or greater than 200 HU that does not belong to the sample 
to be evaluated. The evaluation program detects de isocontour 
expressed in Figure 12.

The biopsies taken after dentin graft grafts at 2 months, we 
can say that the previously treated tooth particles behave in 
different ways and are in different areas of the socket. Once 
the tooth particles are treated with the company disinfection 
method the crushed tooth particles behave differently.[16,17] 
Those that are not completely resorbable that form the bone 
of density 1 (5.39% ± 0.11%) always approach around the 
alveolus, toward the walls of the old bone. This tells us that 
they can try to reinforce the alveolus from the inside, acting 
as internal reinforcement of its walls.

The particles that have been reabsorbed to a lesser extent that 
formed the bone of density 2 (26.29% ± 0.14%) are in the 
biopsy in the lower middle part of the alveolus, maintaining 
the stability of the bone. However, the bone that has been 
partially resorbed the most, such as bone density 3 (53.89% 
± 0.18%), which occupies most of the biopsy, is distributed 
throughout the interior of the biopsy and the new-formed 
alveolus. The one that also reabsorbs to a lesser extent is bone 
D4 (14.43% ± 0.03%) that we will find in the upper part of 

Figure 8: Diagram of different steps following for the acquisition and processing of the micro‑computed tomography image in crushed teeth, (a) extracted 
teeth after cleaning, (b) Smart dentin grinder machine for tooth grinding, (c) particulate teeth of 1200 microns, (d) plastic tube for micro‑computed 
tomography scan, (e) imagen acquisition (Albira Acquirer + Albira software), (f) imagen reconstruction (Albira reconstructor), (g) Segmentation and 
quantification (Amide Software, LA, UCLA, USA)

Figure 9: (a) Dentin graft core of 10 mm length after software 
reconstruction in which observes tooth particles inside, (b) purple 
dots of tooth particles included inside bone core after 2 months of 
healing (Volview, Kitware, Inc., New York, USA)

ba
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predominant type of bone was D3 and D4 bone in the hole 
core of the dentin graft. The bone graft material derived 
from the tooth with no antigenicity enhances the remodeling 
capabilities of the bone. Demineralized dentin exposes 
matrix-derived growth and differentiation factors for effective 
osteogenesis, newly formed bone, and residual demineralized 
dentin are weak to support implant anchorage. In contrast, 
our sustainable development goals procedure allows the 
preparation of bacteria-free particulate dentin from freshly 
extracted autologous teeth, ready to be used immediately as 
an autogenous biomaterial in the same session maintained for 
years.[18-26]

Until the invention of micro-CT, histology was the only 
effective method to evaluate the parameters of bone 

Table 4: Descriptive statistics of Hounsfield units values belonging to predefined volume of each box (source: Own 
elaboration)

Mean (%) Median SD Minimum Maximum Size (mm3) Fraction voxels Voxels
Upper box 0.356±0.14 0.314±0.12 0.116±0.17 0.0895±0.12 146.649±0.19 1406 1406.00 2774
Middle box 0.734±0.22 0.710±0.14 0.172±0.26 0.190±0.34 139.939±0.32 1224 1224.00 2412
Bottom box 0.858±0.33 0.826±0.22 0.225±0.19 0.357±0.18 148.147±0.12 1262.25 1262.25 2484
SD: Standard deviation

Table 3: Descriptive statistics of Hounsfield units values belonging to the predefined volume of each box (source: Own 
elaboration)

Cores numbers # ROI Median Mean SD Minimum Maximum Size (mm3) Voxels
24 >200-D4 532.34 546.88 94.46 280 902.44 4.87E+02 5432
24 >400-D3 565.88 575.77 88.91 390 902.44 4.87E+02 5643
24 >800-D2 886.42 899.65 12.87 870 902.44 3.99E+00 8
24 >1000-D1 0.21 0.34 0.44 0.35 0.79 1.01E+01 4
SD: Standard deviation

the biopsy where there is a greater blood supply, and more 
remodeling exists [Figure 13].

The main problem found in this UH quantification methodology 
is the impossibility of determining the minimum density 
present in each sample, including in some cases nontissue 
material to be evaluated and biasing our analysis. To avoid 
this, a good alternative would be to establish a predefined VOI 
of a size considerably smaller than the sample itself, determine 
its minimum UH value and use this to mark the minimum 
value to be measured in the creation of different boxes.

dIscussIon

Our results revealed that D1 bone particles of dentin graft 
move around the alveolus such as D2 density bone and the 

Figure 10: (a) dentin grinder transversal core image showing different types of bone densities, (b) coronal core image evaluating the most significant 
type of bone, (c) sagittal core image evaluating the quality of bone formed. Yellow color is related to D4 bone, Orange to D3 bone, Green to D2 bone, 
and Red to D1 density expressed in Hounsfield Units ( Amide Software, UCLA University, LA, USA)
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Table 5: Type of bone mean founded according to the 
Hounsfield units ranges in dentin cores and the estimated 
percentage in the biopsy (source: Own elaboration)

Micro‑CT dentistry color Density of 
bone (HU)

Total volume (%), 
mean±SD

Yellow 

D4 (200-400 UH) 14.43±0.03

Orange 

D3 (400-800 UH) 53.89±0.18

Green 

D2 (800-1000 UH) 26.29±0.14

Red 

D1 (>100 UH) 5.39±0.11

SD: Standard deviation. CT: Computed tomography, HU: Hounsfield units

microarchitecture, however, it was difficult to interpret a 3D 
bone structure using only two-dimensional slices.

A great advantage of micro-CT is that the sample does not 
need special preparation, the only requirement being the 
adequate size of the sample to be able to be introduced into 
the appropriate radiodiagnosis equipment.

In recent decades, many authors have proposed the use of 
micro-Ct for bone and biomaterial analysis, enhancing its 
value for research by increasing its availability in recent 
years. In general, micro-CT allows us to obtain images of 
bone and calcified structures with a much higher resolution 
than clinical CT. We can evaluate any anatomical or 
pathological tissue, especially bone, but we can also observe 
cartilage, dental tissue, and tissues filled with contrast agents 
to some extent.[27]

Figure 12: Different isocontours depending on bone quality; yellow D4, orange D3, green D2; red D1, and all density at the end (Amide Software, 
UCLA University, LA, USA)

Figure 11: (a) Sagittal view of dentin core showing evaluation boxes 
inside, (b) transversal view of denting graft core with evaluation box 
inside, (c) coronal area with a control evaluation of bone density (Amide 
Software, UCLA University, LA, USA)

cba
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It is a technique that provides a 3D image without the need 
to destroy the sample, so it can be prepared and used for 
subsequent histological analysis, generating a complimentary 
analysis of the same area of tissue examined.[28,29]

Micro-CT is a technique that has been widely used in the field 
of medicine and dentistry to analyze the quality of bone tissue 
defined by various structural parameters such as its mineral 
properties, thus being able to evaluate bone microarchitecture 
through a representative bone volume.[28,29]

However, within the limitations we can highlight the small 
size of the sample, the high cost of the equipment, and the 
specificity of software programs and reconstruction algorithms, 
requiring some training for their management.[16] In addition, 
the results of the bone structure to be evaluated will be highly 
dependent on the size of the voxel analyzed, so it is always 
recommended to use equipment that presents the highest 
possible resolution, especially when we are going to analyze 
microstructure samples to obtain high precision of the results.

It must be considered that the mechanical and biological 
behavior of bone tissue plays a fundamental role in clinical 
practice, either for the evaluation of systemic or local conditions 
that affect the bone structure or to achieve greater compression 
around the bone. Bone regeneration and remodeling process 
as occurs for example after techniques of preservation or 
augmentation of the alveolar ridge.[30]

At present, micro-CT equipment is available for the evaluation 
of structures, and obtaining images both in vivo and in vitro, 
allows obtaining in vivo images of small animals. Alive.[31] 
Furthermore, using the histological study, only a few sections or 
sections of each implant could be obtained, being the micro-CT 
an ideal alternative since it shows a spatial representation of 
the bone formation on the surface and around the implant.

Particelli et al. carried out a comparison of the porosity of 
cortical bone samples evaluated by micro-CT and classical 
histology, confirming that computerized microtomography can 
be an effective tool to characterize the microstructure of the 
cortical bone.[28] Basillais et al. evaluated the microarchitecture 
of the cortical bone of the human femur through 3D analysis 
in micro-CT, validating the technique by comparing the 
structural measurements with ultrasonic techniques and 
scanning electron microscopy since they observed a strong 
correlation between the porosity obtained by the different 
techniques (two-dimensional and 3D).[32]

Britz et al. tried to validate micro-CT against histological 
techniques evaluating the porosity of cortical bone in rats, 
concluding that it is possible to measure bone porosity 
using high-resolution 3D equipment, not finding statistically 
significant differences. concerning histological analysis.[33]

Boca et al. concluded that micro-CT represents an interesting 
alternative technique to histological sectioning in the detection 
of caries, as it is a nondestructive, precise, and reproducible 
technique.[34]

Therefore, we can affirm that micro-CT provides detailed 
information on the trabecular bone structure and is considered 
the gold standard method for its evaluation and can be used 
to evaluate the microarchitecture of the trabecular bone and 
the morphology of the cortical bone. Therefore, in addition 
to using CBCT to analyze the shape and contours of tissues, 
several recent studies on the use of values on the grayscale to 
determine bone density using CBCT have shown a specific 
relationship between bone quantity and quality with these 
values.[35-37]

Nomura et al. and Hsu et al. demonstrated the existence of high 
correlations of the bone density grayscale values determined 
by dental CT with the bone microarchitecture parameters 
determined by micro-CT, concluding that dental CT can be 
used clinically to determine the content bone mineral and 
indirectly estimate the microarchitecture of trabecular bone by 
calculating the grayscale values of bone density.[36,37]

However, certain authors such as Pauwels et al. and Van Dessel 
et al. demonstrated that the ever-improving image quality of 
CBCT allows it to display trabecular bone patterns, indicating 
that it may be possible to apply structural analysis methods 
that are commonly used in micro-CT and histology.[13,38] 
Furthermore, micro-CT imaging is capable of offering detailed 
3D information of periodontal structures, progression of 
periodontal destruction, and also the repair or regeneration 
process of all tissues and also dental implants.[39,40]

Figure 13: Type of density founded in grounded teeth grafts, related to 
bone location inside the alveoli
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CBCT and micro-CT provide comparable results in the 
assessment of the relative difference in gray level distribution 
between alveolar and basal cortical bone regions in the human 
mandible and it can be a reliable method when assessing the 
degree of bone mineralization using CBCT images.[41]

In our study, we focused our analysis on the objective 
evaluation of densities based on the Hounsfield scale as one 
of the parameters necessary to determine bone quality after 
dentin graft implantation. This study is the creation of a 
method for measuring and analyzing bone cores based on the 
densities in HU present in preestablished VOIs (volumes of 
interest). We can determine bone quality by defining a series 
of morphometric parameters and the distribution of dentin 
particles related to size and orientation.

conclusIons

The quality of bone obtained by measuring the micro-CT to 
the crushed tooth biomaterial is like the bone of density D3 
of a human being, highly qualified to be used as a biomaterial 
in bone defects. Micro-CT analysis has demonstrated its 
usefulness in a wide variety of applications in the field 
of dental research, being the standard gold technique to 
evaluate the morphometric characteristics of bone tissue as 
a complementary alternative to conventional histological 
analysis. The distribution of D1 and D2 particles was located 
around the bottom and middle part of the alveoli and the D3 
and D4 bone particles were located in hole biopsies. Therefore, 
the method proposed in this study is useful to determine the 
density of the tooth granulate (dentin grinder), but it must 
be complemented with the analysis of other parameters of 
bone microarchitecture to be able to carry out a precise and 
reliable evaluation of the quality of the tooth. Bone tissue to 
be examined because by itself it does not fully represent it.
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