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ABSTRACT
Introduction: The biological processes 
that take place following dental extractions 
cause defects in the soft and hard tissues 
of the jaw, which hinder rehabilitation 
techniques with implants. Alveolar 
preservation procedures have been 
proposed to decrease these dimensional 
changes. Although autogenous bone is 
considered the material with the best 
properties, it also leads to an increase in 
patient morbidity. Therefore, the tooth 
itself is considered as an alternative. The 
objectives of this review were to analyse 
the dimensional changes in alveolar ridge 
height/width after alveolar preservation 
procedures using particulate dentin, 
as well as possible intraoperative and 
postoperative complications, new bone 
formation and re-entry time in the grafted 
area.

Materials and method: A review of the 
relevant literature in the PubMed and 
MEDLINE databases was carried out, 
identifying studies evaluating alveolar 
preservation procedures with particulate 
dentin in human patients with recorded 
follow-up.

Results: A total of 12 studies were 
included in the systematic analysis. The 
dimensional changes, after grafting with 

particulate dentin, were comparable 
to those of other biomaterials and 
fewer than in the control groups. The 
occurrence of complications was low. 
New bone formation and re-entry time 
were similar to other biomaterials.
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INTRODUCTION
Maxillary bones are delicate structures subject to 
reabsorption processes, which can cause defects 
and limit implantological rehabilitating techniques1. 
Dental extraction is one of the main reasons for these 
alterations in hard and soft tissue, as it can drastically 
modify alveolar crest volume2. Much research has 
been done to evaluate the effectiveness of various 
biomaterials in alveolar preservation procedures. 
Studies in animals3 and humans4 show minor volumetric 
changes, despite the techniques used to prevent them. 
Among the biomaterials used in alveolar preservation, 
autogenous bone is the most predictable due to its 
rapid revascularisation and resistance to infection5. 
However, this biomaterial also has disadvantages, 
such as limited availability, an increase in morbidity in 
the process of obtaining it and associated risks during 
surgery. Particulate dentin, however, is considered as 
an autogenous alternative with less morbidity. The 
results reported in the literature on this graft have been 
satisfactory, in vitro6, in preclinical models in animals5,7,8 
and in clinical studies in humans9,10. The objective of this 
review was to look at existing evidence about alveolar 
preservation procedures with particulate dentin.

MATERIAL AND METHODS
Protocol

This review was carried out based on the PRISMA 
criteria (Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses). A protocol was designed 
following the PICO system to answer the following 
question: “In patients awaiting alveolar preservation 
after tooth extraction, how effective is particulate 
dentin compared to other grafts or control patients left 
to heal conventionally?”

(P) Population: Patients who need a tooth extraction

(I) Intervention: Alveolar preservation procedures 
with particulate dentin

(C) Comparison: Control patients or use of different 
biomaterials

(O) Outcomes: Dimensional changes in height/

width (mm) of the alveolar crest after the 

therapy; analysis of intra and postoperative 

complications; new bone formation; and re-

entry time.

Search strategy

The search was carried out in April 2020 according 

to the established inclusion and exclusion criteria, 

without restrictions for age, gender or race. Included 

studies were identified using the search terms 

“(particulate dentin) OR (demineralised dentin matrix) 

OR (extracted tooth AND ridge preservation) OR 

(autogenous tooth AND bone graft) OR (extracted 

tooth AND regeneration)” via PubMed at the MEDLINE 

database.

Inclusion and exclusion criteria

Inclusion criteria:

• Clinical trials, cross -sectional studies, cases series, 

case reports, cases control studies and cohort 

studies.

•  Studies that include volumetric changes, 

complications and/or new bone formation in 

alveolar preservation procedures with particulate 

dentin.

• Studies that include patient monitoring.

Exclusion criteria:

• Duplicate studies.

• Studies with no design details.

•  In vitro studies in animals, bibliographic reviews, 

systematic reviews and meta-analyses.

•  Studies that included patients with compromised 

systemic health.

•   Studies published in languages other than English 

or Spanish.
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Data organisation

The data obtained from reading the complete 
manuscripts were collated and organised in two tables 
as follows:

Table 1: Author, study year, study design, number 

of patients, mean age/age range, number of alveoli, 

procedure and evaluation, monitoring, graft used, 

reason for extraction; and graft location.

Table 1. Study features.

Author Year Design Patients
Mean 
age 

(range)

Alveoli 
number

Procedure and 
Evaluation Follow-up Graft Reasons for 

extraction Graft location

Gomes et al.11 2006 Controlled 
Clinical Trial 14 (15-40) 27

Alveolar preservation; 
Density analysis by 

periapical X-ray
3 months

No graft (control), PTFE 
or PTFE+ADM (particulate 

dentin)
3rd lower molars

Kim et al.14 2014 Case series 13 54 15

Alveolar preservation; 
Histological analysis; 
Periapical X-ray and 
orthopantomography

Max 24 
months; Mean 
22.5 months

Particulate and/or block 
dentin and/or membrane 

and/or allograft

Upper jaw: 2 molars. 
2 premolars

Lower: 10 molars, 1 
premolar

Joshi et al.21 2016 Randomised 
controlled trial 15 35.6 45

Alveolar preservation. 
CBCT and histological 

analysis
4 months

Group 1 (control): without 
graft; Group 2: B-TCP; 

Group 3: ATG (particulate 
dentin)

Upper jaw: 18

Lower:12

Pang et al.16 2017 Randomised 
controlled trial 24 59.54 33

Alveolar preservation; 
Dimensional and 

histological analysis
6 months

AutoBT Group: Particulate 
Dentin; Xenograft Group: 

Bio-oss

Upper: 4 anterior, 3 
premolar, 14 molar.

Lower: 2 premolar, 
10 molar

Valdec et al.23 2017 Case series 4 (36-65) 4
Alveolar preservation, 
CBCT and histological 

analysis
12 months Particulate dentin + palate 

soft tissue graft Necessary

UM et al.19 2018 Case series 16 57 16
Alveolar preservation, 
CBCT and histological 

analysis
3-6 months

Control: DDM (particulate 
dentin)

Test: DDM + rhBMP-2
Necessary

Minamizato 
et al.12 2018 Cohort study 16 (25-73) 8

Alveolar preservation; 
Panoramic x-ray and 

histology
6 months APDDM (particulate 

dentin)
Mesiodens, 
periodontitis, 

decay or fracture
3 molars, 2 premolars 

and 3 anterior

Cardaropoli 
et al.25 2019 Case report 1 35 1

Alveolar preservation 
and palate graft; 

Histological analysis 
and CBCT.

6 months Particulate Dentin Decay Upper jaw: 2nd 
premolar

Del Canto-Díaz 
et al.17 2019 Clinical trial 6 47.6 12

Alveolar preservation, 
CBCT and density 

analysis
4 months

Control: No graft + 
collagen membrane.

Test: ADM (particulate 
dentin) + collagen 

membrane

Impossible 
prognosis, decay 

or fractures
Single-rooted teeth

Pohl et al.18 2020 Clinical trial 13 51 61
Alveolar preservation, 
CBCT and histologi-

cal analysis

Mean: 4 
months

Particulate dentin + PRF/
collagen sponge

Impossible prog-
nosis

Upper jaw: 19.

Lower: 39. 22 inci-
sors, 12 canines, 19 
premolar and 5 molar

Andrade et al.13 2020 Clinical trial 4 54 10

Alveolar preservation 
and subsequent 

implantation. CBCT 
and biopsy.

4-6 months Particulate dentin + LPRF 
+ fibrinogen

Decay, endodon-
tic pathology or 

periodontitis

Upper jaw: 4 incisors, 
5 canines and 1 

premolar.

Minetti et al.15 2020 Clinical trial 28 51.79 34 Alveolar preservation, 
Histological analysis 4 months Particulate dentin and 

resorbable membrane

Trauma, decay 
or periodontal 

disease

6 incisors, 8 premo-
lars and 20 molars

Total 154 266
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Table 2: Author, height dimension change, width 

dimension change, complications, new bone formation 

and re-entry time.

RESULTS
The information flow diagram is shown in Figure 1. 

The initial search identified a total of 4,095 articles. 

After applying the search criteria, 3,737 articles were 

Table 2. Study results.

AUTHOR Dimensional changes Other results

Height Width Complications New bone 
formation Biocompatibility

Gomes et al.11 - No - Yes

Kim et al.14 - - 2 patients with 
dehiscence - Yes

Joshi et al.21
4 months:

Control: -2.6 mm
ATG: -0.28 mm

4 months:
Control: -2.29 mm ATG: -0.15 

mm
No Yes Yes

Pang et al.16
6 months:

AutoBT: 5.38 mm
Bio-oss: 6.56 mm

- No

6 months:
AutoBT:
31.24%

Bio-oss: 35%

Yes

Valdec et al.23 1 year:
-0.76 mm

1 year:
-1.1 mm No Yes Yes

UM et al.19

3-6 months:
DDM: - 0.77mm (6.14%) 
DDM/rhBMP-2: -0.27 mm 

(2.51%)

3-6 months:
DDM: - 0.67 mm (7.61%)
DDM/rhBMP-2: -0.47 mm 

(5.95%)

No

3-6 months:
DDM: 29.75%
DDM/rhBMP-2:

34.39%

Yes

Minamizato et 
al.12 Preservation Preservation No Yes Yes

Cardaropoli et 
al.25 -

Postqx vs 24 weeks:
-1.3 mm (crestal level)

-0.9 mm (3 mm apical from 
crestal level)

No Yes Yes

Del Canto-
Díaz et al.17

16 weeks:
Control: -1.77 mm 

(16.87%)
ADM: -0.42 mm (4.2%)

16 weeks:
1 mm crestal:

Control: -1.91 mm (59.4%)
ADM: -0.46 mm (14.9%)

3 mm crestal:
Control: -1.3 mm (39.5%)
ADM: -0.21 mm (6.66%)

5 mm crestal:
Control: -0.89 mm (10.2%)

ADM: -0.01 mm (0.3%)

No - -

Pohl et al.18
4 months:

Bucal: +0.16 mm
Lingual: +0.4 mm

4 months:
1 mm crestal: -1.38 mm
3 mm crestal: -0.82 mm
5 mm crestal: -0.43 mm

No Yes Yes

Andrade et 
al. 13 - - No

4 months: 
26.3%

5 months: 
56.5%

6 months: 
66.5%

Yes

Minetti et al.15 - - No
4 months:

G1: 36.68%
G2: 39.16 %

Yes
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discarded. After reading titles and abstracts, 309 
articles were excluded. The complete manuscripts of 
the remaining 49 articles were read and another 37 
were excluded according to the inclusion and exclusion 
criteria. Finally, 12 articles were included in the review.

Table 1 contains information from the studies included 
in the review. Of the articles included (n=12), there 
were 6 clinical trials, 1 cohort study, 1 case report, 3 
case series and 1 retrospective radiographic study. 
All articles were published between 2006 and 2020. 
The average age of the patients was between 35 
and 59 years, except for 2 studies11,12 that reported 
ranges between 15 and 73 years. The total number 
of patients included in the publications selected was 
154, which was an average of 12.83 patients per study. 
The number of alveoli studied was 266, an average of 
1.7 per patient. The samples were balanced regarding 
participant sex.

All studies evaluated the effectiven ess of particulate 
dentin in alveolar preservation. Some studies also 
evaluated other regenerative or rehabilitative 
procedures. Follow-up was between 3 and 24 months. 
The graft material used was particulate dentin in all 
studies, combined in some studies with other filler or 
membrane biomaterials.

Dimensional changes

The dimensional change results are found in Table 
2. Except for 4 studies11,13-15, most evaluated the 
dimensional changes in height and/or width. They were 
calculated as the difference between the beginning 
and end of the procedure, except for Pang et al16, who 
analysed the vertical gain from the end of the defect 
to a resin model placed on adjacent teeth. Minamizato 
et al.12 assessed alveolar preservation, but did not 
quantify it.

Complications

The results for complications are in Table 2. All studies 
reported an absence of complications in alveolar 
preservation procedures with particulate dentin, 
except for one4, in which two patients developed 
dehiscence during healing; a second attempt provided 
proper healing.

New bone formation

The new bone formation results are in Table 2. This 
was recorded in all but 3 studies11,14,17. All these studies 
found new bone formation, with the range varying 
from 26.3% to 66.5%, depending on the study.

Re-entry time

Re-entry time results are in Table 2. This was recorded 
in all but 3 studies11,17,18, with the rest of the studies 
recording re-entry time for the insertion of implants 
and/or taking a biopsy. This period varied between 3 
and 6 months.

DISCUSSION
At present, scientific evidence on the use of particulate 
dentin in alveolar preservation procedures is limited. 
Few published studies were identified, and these were 
of low sample size and short-term follow -up. However, 
this biomaterial is considered a promising alternative. 
The purpose of this review was to gather the data 
reported in the literature evaluating four aspects: 
(a) vertical and horizontal dimensional changes; (b) 

 
 
 
 
 
 
Figura 1. Diagrama de flujo de información  
 
 
 

 
Figure 1. Information flow diagram.
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intra and postoperative complications; (c) new bone 
formation; and (d) re-entry time in the grafted area.

Dimensional changes

Vertical:

At 3 and 6 months of the Alveolar preservation, 
Um et al.19 recorded losses of -0.77 mm (6.14%) in 
the particulate dentin group. These are similar to 
losses reported at 6 months by Pelegrine et al.20, 
who performed alveolar preservation with an 
autogenous bone graft (0.62 mm).

At 4 months, Joshi et al.21 and Del Canto-Díaz et 
al.17 analysed losses of -0.28mm and -0.42mm, 
respectively, in the particulate dentin group. In this 
same period, Matchei et al.22 reported losses of 
-0.25 mm in patients grafted with bovine xenograft. 
These losses were greater at -1.71 mm in the control 
group of this same study, which left the socket to 
heal spontaneously.

At 12 months, Valdec et al.23 recorded a loss of 
-0.76 mm in the particulate dentin group, although 
at this time the implants had already been placed. 
However, these results are similar to other studies in 
the literature, such as Barone et al.24, who recorded 
-0.7 mm after the use of xenograft. Buccal losses 
were 3.6 mm in the control group of this last study.

Horizontal:

After 3 months, Um et al.19 recorded decreases of 
-0.67 mm in the particulate dentin group, while, 
Joshi et al.21 recorded -0.15 mm at 4 months. These 
are an improvement when compared with those 
published in the classic Schropp et al. study2, where 
dimensional changes were analysed after extraction 
without a graft, where losses were -3.8 mm at 3 
months.

Pohl et al.18 and Del Canto-Díaz et al.17 measured 
these horizontal changes in procedures with 
particulate dentin at 4 months, 1 mm apical to 
the base of the bone crest and 3 mm apical to the 
base of the bone crest. Respectively, they reported 
losses of -1.38 mm and -0.46 mm at 1 mm from the 

crest, -0.82 mm and -0.31 mm at 3 mm from the 
crest, and -0.43 mm and -0.01 mm at 5 mm from 
the crest. Following this form of measurement in 
different planes of the crest, Cardaropoli et al.25 
studied losses at the crest level (-1.3 mm) and at 
3 mm from the crest (-0.9 mm) at 6 months after 
procedures with particulate dentin.

All these results are better than other studies 
detailed below, where xenograft or control groups 
were used and the measurements were also 
recorded at different points of the crest vertically. 
Matchei et al.22 reported decreases of -1.56 mm 
at 3 mm from the crest in the xenograft group at 4 
months. In the control group of this same study, the 
losses were -2.96 mm at 6 mm from the crest, with 
larger losses (-0.56 mm in the xenograft group, and 
-1.81 mm in the control group), when compared 
with the particulate dentin groups. After 1 year, 
Valdec et al.23 reported losses of 1.1 mm in grafted 
alveoli with particulate dentin, rehabilitated with 
implants, which was much less than another study2 
without grafts, which were as high as 50%.

Complications

Only one study14 reported complications after the 
alveolar preservation procedure with particulate 
dentin. These results are similar in studies which used 
a xenograft as biomaterial26, 27. This suggests high 
predictability and safety in treatment with particulate 
dentin.

New bone formation

The Andrade et al. study13 reported new bone formation 
of 26.3% at 4 months for the particulate dentin group, 
while Minetti et al.15 reported a range between 36.68% 
and 39.16%. These results exceed those obtained with 
allograft at 4 months, where the formation observed 
by Spinato’s 2014 study28 was between 18.84% and 
23.3%. The results of the xenograft groups were also 
in this range at 4 months for the Matchei et al. study22 
which reported 22.50%.

At 5 months, Andrade et al.13 reported up to 56.5% of 
new bone in particulate dentin groups, while Um et 
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al.19 found 29.75% between 3 and 6 months. Particulate 
dentin gave higher percentages when compared with 
xenograft treated groups29.

At 6 months, the dentin results13,16 (31.24% and 66.5%, 
respectively) were similar to other studies where the 
groups were treated with autogenous bone (45.47%)20 
or xenograft (25.7%)24.

Re-entry time

Re-entry was performed between 3 and 6 months in 
all studies. This waiting time is similar to studies with 
autologous graft20, xenograft22-29 and allgraft28; and 
lower than in other xenograft studies24. This leads us 
to think that the use of autogenous tooth has some 
properties at least as good as other widely used 
biomaterials. These results agree with the findings 
of the systematic review by De Risi et al.30 which 

concluded that alveoli grafted in alveolar preservation 
processes do not require a longer re-entry period than 
those healing spontaneously.

CONCLUSIONS
Current scientific evidence on the use of particulate 
dentin in alveolar preservation procedures is limited.

Of the few published studies identified, their sample 
size was low and the follow-up was short-term. 
Therefore, more and better studies are necessary.

Given the limitations of this bibliographic search, we 
can conclude that the use of particulate dentin is an 
alternative to other widely used biomaterials, with clear 
advantages over the lack of preservation procedures.
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