Received: 10 August 2020

|

Revised: 24 April 2021

|

Accepted: 3 May 2021

DOI: 10.1111/clr.13765

ORIGINAL ARTICLE

Autogenous Mineralized Dentin versus Xenograft granules in
Ridge Preservation for Delayed Implantation in Post-extraction
Sites: A Randomized controlled clinical trial with an 18 months
follow-up
Alexandre Santos1,2 | João Botelho1,2
| Vanessa Machado1,2 | Gonçalo Borrecho2 |
Luís Proença3 | José João Mendes2 | Paulo Mascarenhas4 | Gil Alcoforado1,2
1
Periodontology Department, Clinical
Research Unit (CRU), Centro de Investigação
Interdisciplinar Egas Moniz (CiiEM), Instituto
Universitário Egas Moniz (IUEM), Caparica,
Portugal
2

Clinical Research Unit (CRU), CiiEM, IUEM,
Caparica, Portugal
3

Quantitative Methods for Health Research
(MQIS), CiiEM, IUEM, Caparica, Portugal
4

Oral and Biomedical Sciences Research
Unit, Faculty of Dental Medicine, University
of Lisbon, Lisbon, Portugal
Correspondence
Alexandre Santos, Periodontology
Department, Egas Moniz Dental Clinic,
Clinical Research Unit (CRU), Egas
Moniz Interdisciplinary Research Center
(EMIRC), Egas Moniz University, Campus
Universitário, Quinta da Granja, Monte de
Caparica, 2829 -511 Caparica, Almada,
Portugal.
Email: asantos@egasmoniz.edu.pt

Abstract
Objectives: To test primary stability of delayed implants placed in post-extraction
ridges preserved with autogenous mineralized dentin matrix (MDM) versus xenograft
granules. Clinical, histological and pain experience outcomes were further assessed.
Material and Methods: From March 2018 to July 2020, patients requiring ridge
preservation in preparation for delayed implant placement in post-extraction sites
were included. Participants were randomly allocated to either the test (MDM) or
control group (xenograft granules) prior to ridge preservation. Visual analogue scale
and analgesic consumption were measured every day for a week. Six months after
preservation, trephine cores were harvested for histomorphometry prior to implant
placement. Implants were then placed, and implant stability was measured immediately as well as two months after placement. Marginal bone loss and presence of
mucositis/peri-implantitis were registered up to 18 months after prosthetic loading.
Results: Fifty-t wo patients (66 implants) completed the study. MDM and xenograft
groups presented similar primary (77.1 ± 6.9 versus. 77.0 versus. 5.9) and secondary
(81.8 ± 5.1 versus. 80.1 ± 3.8) implant stabilities. The percentage of newly formed
bone in MDM (47.3%) was significantly higher than xenograft (34.9%) (p < .001), and
the proportion of residual graft was significantly lower (12.2% in MDM and 22.1% in
xenograft) (p < .001). No significant differences were found as far as clinical, radiographic and patient-related outcomes.
Conclusions: Implants placed in sites preserved with MDM had similar primary stability in comparison to xenograft granules. MDM showed a significantly higher quantity
of newly formed bone and lower amount of residual graft in histomorphometry results and equal clinical and patient-related outcomes.
KEYWORDS

bone regeneration, bone substitutes, clinical research, clinical trials, dental implants, guided
tissue regeneration, histo-pathology, host mechanisms
Trial registration: ISRCTN11458658 (https://doi.org/10.1186/ISRCTN11458658).
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1 | I NTRO D U C TI O N

2 | M ATE R I A L S A N D M E TH O DS

After tooth extraction, the alveolar bone undergoes dimensional

2.1 | Study design

changes with a reduction in its buccal-lingual width, which may
reach 50% (Atieh et al. 2015). This bone loss occurs mainly in the

This was a single-centre, single-blinded, parallel-group, randomized

first 3 months post-extraction, after which there is a continuous pro-

clinical trial with balanced randomization (1:1) conducted in a private

cess of resorption with an average of 0.5% to 1.0% per year (Araújo

practice in Lisbon (Portugal), specialized in advanced oral surgery and

& Lindhe, 2005; Araújo et al. 2015; Cardaropoli et al. 2003; Couso-

implant rehabilitation, between March 2018 and June 2020. Ethical

Queiruga et al. 2020; Vignoletti et al. 2012). However, an adequate

approval was provided by the Faculty of Dentistry of the University

bone width is a key prerequisite for placing dental implants, and,

of Lisbon Ethical Committee (CES-FMDUL-9/3/2018) and followed

therefore, alveolar preservation is highly recommended (Hämmerle

the Helsinki declaration as revised in 2013. Each participant provided

et al. 2012).

written informed consent following an adequate explanation prior to

To minimize post-extraction ridge dimensional reduction, sev-

inclusion in the study. This trial was written, prepared and reported

eral approaches have been proposed under the concept of “alveolar

in accordance with the Consolidated Standards of Reporting Trials

ridge preservation” (Barootchi et al., 2019). A broadly recognized

(CONSORT) 2010 guideline (Appendix S1) (Schulz et al. 2010).

approach is the maintenance of bone walls through bone substi-

Our null hypothesis was that ridges preserved with 100% MDM

tute (graft) delivery into the socket, where guided bone regener-

grafts present no significant different primary stability than ridge

ation may be a requisite (Vignoletti et al., 2012; Vittorini Orgeas

preservation with 100% xenograft granules for delayed implants

et al., 2013). Different types of bone substitutes may be used in,

placed in post-extraction sites.

such as autogenous bone graft, demineralized freeze-dried bone
allograft, calcium sulphate and synthetic hydroxyapatite bioglass,

2.2 | Participants

among others may be used. However, donor site morbidity, limited
availability and associated costs may be relevant shortcomings of

The inclusion criteria were as follows:

the latter bone substitute (Carlsen et al. 2013). Another autogenous matrix that is becoming popular is the patient's own extracted

1. 18 years old or older,

tooth. The extracted tooth can provide autogenous graft while elim-

2. Requiring alveolar preservation through GBR after tooth extrac-

inating the need for a secondary bone harvest site. Tooth-derived

tion prior to placement of dental implant,

dentin grafts have been studied to learn whether teeth represent a

3. Presenting with type 2 extraction sockets, and

viable alternative. Tooth-derived mineralized dentin matrix (DDM)

4. With midfacial osseous dehiscence defect (Elian et al. 2007) clas-

showed similar composition to bone (Hee-Yung et al. 2014; Jeong

sification and subclassification Type 2B with a dehiscence defect

et al. 2011; Joshi et al. 2016; Kim et al., 2014; Lee et al. 2011) and a

involving the middle one-third of the labial plate, approximately 7

viable option for alveolar bone augmentation following dental ex-

to 9 mm from the free gingival margin (FGM) (Chu et al., 2015).

traction (Gual-Vaqués et al. 2018; Kim et al. 2013; Li et al. 2017;
Pang et al. 2017).

The exclusion criteria were as follows:

Recently, autogenous MDM graft was presented for bone regeneration procedures. Autogenous MDM differs from DDM by
the absence of a demineralization process, that is time-consuming
and expensive. The MDM processing devices transform about
95% of the patients’ extracted tooth into a granulated mineralized

1. Heavy smokers (more than 10 cigarettes per day or an electronic cigarette dose of >6 mg/ml of nicotine),
2. Presence of active infection or severe inflammation in the intervention zone,

dentin (particles of 250 µm to 1,200 µm in size) which represent a

3. Relevant medical history that contraindicates implant surgery,

potential bone substitute in guided bone regeneration (GBR) pro-

4. Immunosuppression (eg. HIV, solid-organ transplants),

cedures. Preclinical studies have provided information regarding

5. Head and neck-irradiated patients in the past 5 years,

the characteristics of MDM on bone regeneration compared to

6. Regular

DDM (Koga et al., 2016; Moon et al., 2019). Nevertheless, clini-

intake

of

bisphosphonates,

anticoagulants,

or

anti-inflammatories,

cal studies comparing MDM grafts with standard bone substitutes

7. Chronic drug abuse or alcoholic habits,

are scarce and, for that reason, a clinical trial would be of great

8. Patients with poor oral hygiene (full-mouth plaque score and

interest.
In this single-b linded randomized clinical trial, implant stability of delayed implants placed in post-extraction ridges preserved
with autogenous MDM versus xenograft granules was defined as

full-mouth bleeding score >15%) and lack of motivation,
9. Uncontrolled diabetes (reported levels of glycated haemoglobin
exceeding 7%),
10. Uncontrolled and /or untreated periodontal disease,

the primary outcome. Also, clinical measurement, bone morphol-

11. Previous history of bone graft in the intervention zone,

ogy and pain experience outcomes were assessed as secondary

12. Presence of acute endodontic lesion in the tooth to be extracted

outcomes.

or in adjacent teeth.
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Sociodemographic information included age, gender, education,
smoking habits and medical and dental history.

3

under local anaesthesia using 4% articaine HCl with epinephrine
(1:100,000). Both sites from mono- and multiradicular teeth were

Patients with recent history of periodontal treatment have been

considered. In both procedures, a full thickness flap was performed

treated for their periodontal condition previously. These patients

with a 15C blade, after intrasulcular incision, to access the vestibular

had been inserted in a supportive periodontal treatment (SPT),

bone dehiscence. Atraumatic extraction was achieved using periot-

with regular intervals between appointments, adapted to each pa-

omes (PT1 and PT5, Hu-Friedy, Chicago, Illinois, USA) and avoiding

tient (between 3 and 6 months). Then, surgery in these patients was

forceps use. When forceps were necessary, precautions were taken

only performed when good control of bacterial plaque (<15%) was

to avoid damaging marginal bone. In multiradicular teeth, roots were

achieved, with an adequate attendance to SPT, absence of peri-

separated by high-speed drills. After extraction, the alveolus was

odontal pockets depths (PPD) (PPD <4 mm) and without bleeding

meticulous handled with a Lucas mini cutter (#611748, Hu-Friedy,

on probing (BOP).

Chicago, Illinois, USA). Then, the assigned graft material was placed
inside the alveolus according to its manufacture protocol (Figure 1).

2.3 | Randomization

Both materials (MDM; or xenograft) were prepared in a separate
room. The administration of the allocated material was done 15 min
after tooth extraction to maintain patients blinded. In the control

Each participant was assigned in ascending order at the enrolment

group, xenograft (Bio-Oss®, Geistlich, Switzerland) was placed in the

visit. Patients were randomly assigned in a 1:1 ratio to either the

alveolus (Figure 2).

test group (MDM +delayed implant) or the control group (xenograft

For the test group, we followed the manufacturer protocol for

+delayed implant) using an online randomization tool (https://www.

MDM (Smart Dentin Grinder®, KometaBio Inc., USA) (Appendix S2).

randomizer.org/). Allocation concealment was done with opaque en-

Remaining soft tissues were carefully removed from the tooth and

velopes, which were opened by the surgeon immediately after tooth

adequately dried. Each tooth was placed inside the milling chamber

extraction and before the graft delivery procedure. The sequence of

where it was pulverized and sorted into two compartments: 1) par-

envelopes was done, a priori, by a non-involved researcher.

ticles of diameter between 250 and 1,200 µm; and 2) particles of
diameter below 250 µm, which were discarded. Then, the particulate

2.4 | Blinding

was immersed in a cleanser solution (0.5 M NaOH and 30% (v/v) alcohol) for 5 min, replaced by a saline solution of phosphate-buffered
saline (PBS) for two quick rinses. Finally, the saline solution was care-

Participants were blinded to the allocated arm as well as the statisti-

fully removed with sterile gauze, and the final graft material was kept

cian (L.P.) and the pathological anatomy technician (G.B.). The clinical

in temperature room for clinical use (Binderman et al. 2012).

surgeon (A.S.) examined and registered post-surgical complications
and clinical outcomes of interest.

In both groups, the allocated material was covered with a resorbable barrier membrane (Bio-Gide, Geistlich, Switzerland). Primary
closure of the surgical site was done with a free gingival graft har-

2.5 | Interventions

vested from the palate and sutured with non-resorbable synthetic
monofilament suture made of polyamide polymers (Dafilon® 5/0m
B/Braun Surgical, Spain).

In both groups, minimally invasive atraumatic tooth extraction

At post-operative care, both groups of patients were instructed to

was performed (Saund & Dietrich, 2013). Surgery was performed

rinse twice a day with 0.10% chlorhexidine gluconate solution (Eludril

FIGURE 1

Study timeline

4

|

SANTOS et al.

FIGURE 2

Flow diagram according to the CONSORT

Classic, Pierre Fabre Oral Care) and to take oral antibiotics, amoxicillin

harvested core was immediately preserved in a 10% formalin solu-

plus clavulanate potassium (875mg/125mg) every 12 hr for 8 days, or

tion and sent for histologic analysis. During implant insertion, no ad-

500 mg of azithromycin in cases of allergy to penicillin, once a day for

dition of graft material was necessary (Figure 1).

3 days, non-steroidal anti-inflammatory drug (ibuprofen 600mg) every
12 hr for 4 days. An analgesic was prescribed to be taken immediately
after surgery (300 mg clonixin, 1 pill), or when necessary, during fol-

2.6 | Outcomes

low-up. All post-operative care was registered in a diary for further
analysis.

2.6.1 | Implant stability and clinical outcomes

After a healing period of six months, a cone beam computed tomography (CBCT) scan was carried out to plan implant placement

Primary implant stability was defined as the primary outcome of this

(CRANEX™ 3Dx from SOREDEX™). Radiodensity was registered

study. A resonance frequency analyser (Osstell IDx Mentor, Osstell

(measured as Hounsfield Units). For both groups (test and control),

AB, Goteborg, Sweden) was used to record implant stability, as the

the grafted site was exposed and a trephine core was taken using

average between buccolingual and mesiodistal measures (ISQ). We

a trephine bur (outer diameter 2.35 mm, inner diameter 2.30 mm,

collected primary stability (baseline) and secondary stability (2-

length). Biopsies from all 66 sites were processed and analysed. The

month after placement) ISQ values.

|

SANTOS et al.

5

The diagnosis of peri-implant mucositis and peri-implantitis

residual bone from the total area). This set of analyses was carried

was made following the 2017 world workshop case definitions and

out by one examiner (G.B.) blinded to the type of graft material

diagnostic consideration (Berglundh et al., 2018; Renvert et al.,

delivered.

2018).
Keratinized tissue width (KTW) was measured using a UNC-15
periodontal probe (Hu-Friedy, Chicago, Illinois, USA), mid-facially

2.6.4 | Patient-related outcomes

from the gingival margin to the mucogingival junction of the extracted tooth at baseline. The measurement of KTW during follow-

Patient's pain and discomfort perceptions were rated, during a 7-day

ups was made from the top of the gingival margin to the mucogingival

consecutive period after the allocated intervention (Figure 1). For

junction of the implant crown (follow-up measurements).

this purpose, we used the visual analogue scale (VAS) score (0–10),
using “No Discomfort” and “Worst Discomfort” as anchors. Further,
the frequency of analgesic consumption was registered by the pa-

2.6.2 | Radiographic analysis
Digital periapical radiographs were made via VistaScan image plate
scanner (Durr Dental AG, Bietigheim-Bissingen, Germany) using

tient during the same follow-up period.

2.7 | Sample size

the DBS-Win software (Dürr Dental AG, Bietigheim-Bissingen,
Germany). Radiographs were carried out before tooth extraction,

Sample size calculation was performed based on previous data by

immediately after GBR, 6 months after GBR, during implant place-

(Li et al. 2018), indicating that a minimum number of 24 individu-

ment, at baseline (prosthetic loading), and after prosthesis loading

als was needed to determine a 0.7 difference in stability value (ISQ)

(at 12 and 18 months of follow-up).

with a standard deviation (SD) of 0.85, the primary outcome of this

Radiographs were taken using parallelometry technique through

study, between groups immediately after surgery (85% power, with

Rinn XCP positioners (Dentsply, Constanz, Germany), in which the

a 5%, two-sided, significance level). Considering a 10% dropout rate,

central radius of the X-ray beam is perpendicular to the implant in

a final number of 26 participants per group was set as the minimum

order to have the least possible distortion. Radiographic distortion

required sample.

calibration value was calculated by measuring the apical-coronal
length of the implant to the nearest 0.01 mm. Regarding the periapical radiographic distortion calibration after implant placement, 12

2.8 | Statistical analysis

and 18 months after functional loading, the distortion was evaluated based on the implant placed size and its measurement on digital

The statistical analysis approach was based on patient as a unit.

radiography.

Data analysis was performed using SPSS Statistics version 26.0 for
Windows (Armonk, NY: IBM Corp.). Explicit comparison of mean values was not performed by Student's t test, since data assumptions

2.6.3 | Histomorphometric analysis

for the test applicability were not met (normality and homoscedasticity). Group data comparison was alternatively performed by the

Bone tissues harvested from the trephine cores were processed

Mann–Whitney test. Chi-square test was used for comparisons of

for histological assessment. Samples were fixed in formaldehyde

categorical variables between the groups. A mixed linear model was

and decalcified overnight in a tissue floatation bath (TBD). Then,

applied for the clinical outcomes that were measured at more than

specimens were dehydrated by crescent alcohols concentrations,

one time point during follow-up (Bleeding on Probing and Marginal

cleared in xylene and infiltrated in paraffin. The samples were em-

Bone Loss), taking into account the existence of more than one site

bedded and cut on the median longitudinal axis at 3 µm paraffin

per patient. The level of statistical significance was set at 5% in all

sections for haematoxylin and eosin staining with a Microm HM

inferential analyses.

355S microtome (Thermo Scientific, USA). Digital images from
a light microscope (Leica DMLB) connected to a computer and
camera device (camera DFC290 HD and Leica Application Suite
Software, Leica, Wetzlar, Germany). Quantitative evaluations
were made using ImageJ (Image Tool 3.0 software, Department

3 | R E S U LT S
3.1 | Participants and baseline data

of Dental Diagnostics Science, University of Texas Health Science
Center, USA). The assessment included (1) percentage of newly

From a total of 74 patients who attended the clinic, 52 patients (and

formed bone area compared to total area, (2) percentage of re-

66 sites) met the inclusion criteria and were enrolled in the study

sidual bone substitute material area compared to total area and

(Figure 3). The sociodemographic information of the included pa-

(3) percentage of soft tissue component compared to total area

tients is depicted in Table 1. Overall, age, gender distribution and

(as the subtraction of the percentage of newly formed bone and

smoking habits were similar between the groups (p > .05). All

6

|

SANTOS et al.

participants completed the study timeframe and were included in
the analyses.

cores was significantly lower in MDM when comparing to control
(p = .001) (and graphically presented n Figure 4). The percentages

All patients presented no need for additional GBR at time

of newly formed bone were 47.3% (±14.8%) for MDM and 34.9%

of implant placement. Post-o perative infection or wound de-

(±13.2%) for xenograft granules, exhibiting a significant difference

hiscence was not observed in both groups, and all dental im-

(p < .001). The percentage of soft tissue present showed no signifi-

plants were placed as planned (Table 1). All grafted sites healed

cant differences between the groups (p = .346).

uneventfully.

3.2 | Implant stability and clinical outcomes

3.4 | Peri-implant and patient-reported outcomes
No significant differences were found between the groups in regard

Primary stability (p = .807), secondary stability (p = .054) and change

to bleeding on probing and marginal bone loss; we found no signifi-

in stability (T1-T0) (p = .108) between both groups showed no sig-

cant differences were found between the groups at baseline and at

nificant differences (Table 2). There were statistically significant dif-

each follow-up timeframe (6, 12 and 18 months) (Table 4). No sig-

ferences between both groups regarding implant length (p =.040).

nificant results were found regarding keratinized gingival width and

Furthermore, radiodensity was significantly higher in the control

occurrence of peri-implant mucositis.

group (p < .001). Implant location, average tooth extraction time and

Pain experience through the VAS scale was found to be signifi-

presence of thin phenotype were not significantly different between

cantly higher one day after surgery in the control group (p = .014),

groups (p > .05) (Table 3). In both groups, keratinized gingival width

though this difference vanished over the course of seven days fol-

was reduced, and no differences were found between the test and

low-up (Appendix S3).

control groups.

4 | D I S CU S S I O N

3.3 | Histomorphometry

The main purpose of this randomized clinical trial was to compare
All the 66 harvested trephine cores were analysed for the quantity

the primary implant stability of implants placed in post-extraction

of newly formed bone and for residual bone graft material (Table 3).

sites filled with MDM versus xenograft granules. Our results showed

The percentage of grafted material presented in the harvested

that MDM presented similar primary and secondary implant stability

(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)

(i)

(j)

(k)

(l)

F I G U R E 3 Schematic representation of the surgical procedures in the test (MDM) and control group (Bio-Oss®). In the test group, initial
presentation (a), followed by minimally invasive surgery (b), wound healing filled with MDM (c), suture with graft (d), six months of follow-
up after surgery (e) and bone presentation after opening for implant placement (f). In the control group, initial presentation (g), followed by
minimally invasive surgery (h), wound healing filled with Bio-Oss® (i), suture with graft (j), six months of follow-up after surgery (k) and bone
presentation after opening for implant placement (l)
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TA B L E 1 Participants characteristics for test (MDM) (n = 26)
and control (Xenograft) (n = 26) groups
Variable

MDM

Age (years), mean (SD)
[Min-Max]

Xenograft
61.5 (13.1)
[38–88]

.211

15 (57.7)

16 (61.5)

.988

Male

11 (42.3)

No. of extracted teeth,
mean (SD)

1.2 (0.4)

10 (38.5)
1.3 (0.5)

Variables

MDM

.638

Anterior

12 (35.3)

19 (59.4)

Posterior

22 (64.7)

13 (30.6)

Site Radiodensity (UI),
mean (SD)

848.5 (205.0)

Phenotype thin, n (%)

Smoking habits, n (%)
Non-smokers

23 (88.5)

25 (96.2)

Light smokers

3 (11.5)

1 (3.8)

p-
value*

Xenograft

Implant location, n (%)

Sex, n (%)
Female

TA B L E 3 Implant and histomorphometry characteristics for test
(MDM) (n = 26) and control (Xenograft) (n = 26) groups

p-value*

56.8 (12.3)
[28–75]

7

.614

*Chi-square test for categorical variables and Mann–Whitney test for
continuous variables.

to sites preserved with xenograft granules, both in combination

.083

1,080.9 (154.3)

7 (20.6)

<.001

5 (15.6)

.752

Length of placed
implant (mm), mean
(SD)

11.1 (0.8)

11.6 (0.8)

.004

Diameter of the
placed implant (mm),
mean (SD)

3.8 (0.4)

3.6 (0.3)

.040

Tooth extraction time
(minutes), mean (SD)

23.2 (5.0)

21.5 (4.4)

.176

10 (29.4)

10 (31.3)

.904

ferences in clinical and patient-related outcomes. However, higher

Hematoma, n (%)

9 (26.5)

6 (18.8)

.596

percentage of newly formed bone and lower percentage of grafted

Dehiscence, n (%)

13 (38.2)

15 (46.9)

.549

material were found in the MDM group.

Membrane exposure,
n (%)

4 (11.8)

4 (12.5)

.968

with FGG and porcine collagen membrane. Also, there were no dif-

To the best of our knowledge, this randomized trial may be the

Reported pain, n (%)

first to compare implant stability of implants placed in sockets pre-

Graft exposure, n (%)

0 (0.0)

0 (0.0)

-

served with MDM versus a xenograft. Concerning the histomor-

Free gingival graft
mortality, n (%)

0 (0.0)

0 (0.0)

-

Peri-implant
Mucositis, n (%)

2 (5.9)

3 (9.4)

.668

Peri-implantitis, n (%)

0 (0.0)

0 (0.0)

-

phometry characteristics, the lower proportion of graft material and
higher percentage of newly formed bone found in MDM is not in
agreement with previous studies (Pang et al. 2017; Um et al. 2018).
A possible reason is that previous studies only performed histomorphometry in subset of the sample of demineralized dentin
grafts. These results in the MDM sample may be due to the similarity of dentin composition with human bone, and its bone induction potential demonstrated after grafting with decalcified dentin
(Kim et al. 2015; Moharamzadeh et al. 2008; Murata et al. 2011;
Yeomans & Urist, 1967). However, other studies also reported similar histomorphometry results (Andrade et al., 2020; Del Canto-Díaz
et al., 2019; Pohl et al., 2020). A potential advantage of MDM grafts

Grafted bone (%),
mean (SD)

12.2 (7.7)

22.1 (10.9)

.001

New bone (%), mean
(SD)

47.3 (14.8)

34.9 (13.2)

<.001

Soft tissue (%), mean
(SD)

40.5 (17.6)

42.9 (9.6)

.346

*Chi-square test for categorical variables and Mann–Whitney test for
continuous variables.

is the harvesting process that may prevent the exposure to viruses
and bacteria, which may occur in grafts of animal origin even with

Pohl et al., 2020) have evaluated its efficacy. In some studies, MDM

its sterilization protocol (Bhattacharjya et al. 2016; Kim et al. 2016;

was combined either with platelet-rich fibrin (Pohl et al., 2020)

Pang et al. 2017; Valdec et al. 2017).

or with leukocyte-platelet-rich fibrin and fibrinogen (Andrade

Regarding the available data on MDM, a number of preclinical

et al., 2020), which hampers comparability with the present results.

(Calvo-Guirado et al., 2018; Kadkhodazadeh et al., 2015) and clinical

Radiologically, the socket seemed to be positively preserved and

studies (Andrade et al., 2020; I. Binderman et al., 2014; Del Canto-

our results are in line with previous studies (Andrade et al., 2020;

Díaz et al., 2019; Dwivedi & Kour, 2020; Nadershah & Zahid, 2019;

Dwivedi & Kour, 2020; Pohl et al., 2020).

TA B L E 2

Follow-up implant stability for test (MDM) (n = 26) and control (Xenograft) (n = 26) groups

Variable
ISQ, mean (SD)

*Mann–Whitney test

T0 (Primary
stability)

p-value*

T1 (Secondary stability)
(2 months)

p-value*

Δ (T1-T0)

p-value*

MDM

77.1 (6.9)

.807

81.8 (5.1)

.054

4.7 (5.4)

.108

Xenograft

77.0 (5.9)

Group

80.1 (3.8)

3.1 (4.7)

8
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F I G U R E 4 Histological specimens of
test (MDM and control group (Bio-Oss®)
with haematoxylin and eosin staining. (a),
histological presentation of a trephine
core of a MDM sample, with the presence
of connective tissue (TC), dentin (D),
odontoblasts (OD) and bone matrix
(MO). (b), histological presentation of a
trephine core of a control sample, with
the presence of bone (BO) and connective
tissue (TC)

(a)

(b)

TA B L E 4

Follow-up clinical outcomes for test (MDM) (n = 26) and control (Xenograft) (n = 26) groups
T0
(Baseline)

T1
(6 months)

Variable

Group

Bleeding on Probing (%), mean
(SD)

MDM

0.0 (0.0)

0.0 (0.0)

2.9 (9.6)

Xenograft

0.0 (0.0)

0.0 (0.0)

3.1 (13.0)

MDM

0.0 (0.0)

0.10 (0.21)

0.23 (0.35)

0.35 (0.89)

-

Xenograft

0.0 (0.0)

0.13 (0.20)

0.42 (0.75)

0.42 (0.75)

-

MDM

4.3 (1.0)

-

-

3.1 (1.0)

−1.2 (0.8)

Xenograft

4.7 (0.9)

-

-

3.5 (1.0)

−1.2 (0.9)

Marginal Bone Loss (mm), mean
(SD)
Keratinized Gingival Width
(mm), mean (SD)

T2 (12 months)

T3 (18 months)

Δ (T3-T0)

p-value

2.9 (8.7)

-

.706 (a)

3.7 (12.5)

-
.546 (a)
.078 (b)

Note: (a) referred to the interaction time*group, obtained within a mixed linear model analysis (b) Mann–Whitney test.

Regarding the clinical efficacy for alveolar preservation, our re-

previously done (Cardaropoli et al. 2019; Mazor et al., 2019; Pang

sults show that MDM presented similar clinical performance, radio-

et al., 2017). Furthermore, the assessment of ISQ (primary and

graphic measurements and patient-related outcomes as the control

secondary) and other important clinical variables using standard

group. Conclusively, these outcomes point to a comparable efficacy

measurement techniques allow future comparability across stud-

to that of inorganic bovine bone material and a viable option for

ies, and the follow-u p is comprehensive within the aims of this

socket preservation after tooth extraction for implant placement.

trial. However, this study was not possible to be carried out in a

Investigations using demineralized dentin matrix also reported sim-

triple-b linded manner, as the intervention and follow-u p phases

ilar conclusions (Kim, 2015; Kim et al., 2014; Kim et al. 2015; Pang

were carried out by the same clinician, although this shortcoming

et al. 2017), though we believe that more clinical trials are warranted

was minimized because both the patient and data analysts were

to render robust and consistent conclusion on the potential of MDM

blinded to the allocation. We employed 2-d imensional X-r ay eval-

for these surgical procedures.

uation, and this adds limited information concerning the implant

This clinical trial has numerous strengths, including the nov-

mesial and distal marginal bone loss, and CBCT was only used to

elty of such comparison and the strict methodology employed

appraise radiodensity of the grafted sites during implant planning.

throughout the trial. Furthermore, histomorphometry was suc-

Therefore, these results limit definitive conclusions on this partic-

cessfully performed on all samples and not just on a subset as

ular feature. Notwithstanding, the distribution of implants placed

|
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in molar and anterior sites for both groups was different due to
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conclusions and should be further addressed. Additionally, these
specific grinder devices require the use of a cleansing solution
onto the autogenous graft turning this material into a medical device with a simple but inherent learning curve.

5 | CO N C LU S I O N S
Implants placed in sites preserved with MDM had similar implant
stability in comparison to xenograft granules. MDM showed a significantly higher quantity of newly formed bone and lower amount
of residual graft in histomorphometry results and equal clinical and
patient-related outcomes.
AC K N OW L E D G E M E N T S
Nothing to declare
C O N FL I C T O F I N T E R E S T
The authors declare no conflict of interest.
AU T H O R C O N T R I B U T I O N S
Alexandre Santos: Conceptualization (lead); Data curation (lead);
Formal analysis (lead); Investigation (lead); Methodology (lead);
Project administration (lead); Validation (lead); Writing-original
draft (equal); Writing-review & editing (equal). Joao Botelho: Data
curation (supporting); Formal analysis (supporting); Methodology
(supporting); Writing-original draft (equal); Writing-review &
editing (equal). Vanessa Machado: Formal analysis (supporting);

Investigation

(supporting);

Methodology

(supporting);

Writing-original draft (equal); Writing-review & editing (equal).
José João Mendes: Project administration (supporting); Writing-
original draft (equal); Writing-review & editing (equal). Paulo
Mascarenhas: Conceptualization (supporting); Data curation (supporting); Investigation (supporting); Methodology (supporting);
Writing-original draft (equal); Writing-review & editing (equal). Gil
Alcoforado: Conceptualization (supporting); Data curation (supporting); Formal analysis (supporting); Investigation (supporting);
Methodology (supporting); Writing-original draft (equal); Writing-
review & editing (equal).
E T H I C A L S TAT E M E N T
This study was approved by an official IRB and followed the
CONSORT statement and the Helsinki declaration as revised in
2013.
DATA AVA I L A B I L I T Y S TAT E M E N T
Data that support these findings are available from the corresponding author upon reasonable request.
ORCID
João Botelho

https://orcid.org/0000-0002-1019-8263

10

|

Couso-Q ueiruga, E., Stuhr, S., Tattan, M., Chambrone, L., & Avila-Ortiz,
G. (2020). Post-extraction dimensional changes: A systematic review
and meta-analysis. Journal of Clinical Periodontology, 48(1), 127–145.
https://doi.org/10.1111/jcpe.13390
Del Canto-Díaz, A., De Elío-Oliveros, J., Del Canto-Díaz, M., Alobera-
Gracia, M. A., Del Canto-Pingarrón, M., & Martínez-González, J.
M. (2019). Use of autologous tooth-derived graft material in the
post-extraction dental socket. Pilot study. Medicina Oral Patología
Oral y Cirugia Bucal, 24(1), e53–e60. https://doi.org/10.4317/medor
al.22536
Dwivedi, A., & Kour, M. (2020). A neoteric procedure for alveolar ridge
preservation using autogenous fresh mineralized tooth graft prepared at chair side. Journal of Oral Biology and Craniofacial Research,
10(4), 535–541. https://doi.org/10.1016/j.jobcr.2020.07.018
Elian, N., Sang-Choon, C., Stuart, F., Smith, R. B., & Tarnow, D. P. (2007).
A simplified socket classification and repair technique. Pract Proced
Aesthet Dent, 19(2), 99–104.
Gual-Vaqués, P., Polis-Yanes, C., Estrugo-Devesa, A., Ayuso-Montero,
R., Marí-Roig, A., & López-López, J. (2018). Autogenous teeth used
for bone grafting: A systematic review. Medicina Oral Patologia Oral
Y Cirugia Bucal, 23(1), e112–e119. https://doi.org/10.4317/medor
al.22197
Hämmerle, C. H. F., Araújo, M. G., & Simion, M. (2012). Evidence-based
knowledge on the biology and treatment of extraction sockets.
Clinical Oral Implants Research, 23(SUPPL. 5), 80–82. https://doi.
org/10.1111/j.1600-0501.2011.02370.x
Hee-Yung, C., Taek-Ka, K., Me, N., T, M., Kwang-Won, L., Young-Kyun,
K., & Hyo-Jung, L. (2014). Feasibility analysis of autogenous tooth-
based bone graft material after guided bone regeneration technique. Journal of Case Reports and Studies, 1(6), 1–7. https://doi.
org/10.15744/2348-9820.1.604
Jeong, K. I., Kim, S. G., Kim, Y. K., Oh, J. S., Jeong, M. A., & Park, J. J.
(2011). Clinical study of graft materials using autogenous teeth in
maxillary sinus augmentation. Implant Dentistry, 20(6), 471–475.
https://doi.org/10.1097/ID.0b013e3182386d74
Joshi, C., Dani, N., & Khedkar, S. (2016). Alveolar ridge preservation
using autogenous tooth graft versus beta-tricalcium phosphate alloplast: A randomized, controlled, prospective, clinical pilot study.
Journal of Indian Society of Periodontology, 20(4), 429. https://doi.
org/10.4103/0972-124X.188335
Kadkhodazadeh, M., Ghasemianpour, M., Soltanian, N., Sultanian,
G. R., Ahmadpour, S., & Amid, R. (2015). Effects of fresh mineralized dentin and cementum on socket healing: A preliminary study in dogs. Journal of the Korean Association of Oral
and Maxillofacial Surgeons, 41(3), 119. https://doi.org/10.5125/
jkaoms.2015.41.3.119
Kim, E.-S. (2015). Autogenous fresh demineralized tooth graft prepared
at chairside for dental implant. Maxillofacial Plastic and Reconstructive
Surgery, 37(1), 8. https://doi.org/10.1186/s40902-015-0 009-1
Kim, Y.-K ., Kim, S.-G ., Yun, P.-Y., Yeo, I.-S., Jin, S.-C ., Oh, J.-S., Kim, H.-J.,
Yu, S.-K ., Lee, S.-Y., Kim, J.-S., Um, I.-W., Jeong, M.-A ., & Kim, G.-W.
(2014). Autogenous teeth used for bone grafting : A comparison with
traditional grafting materials. Oral and Maxillofacial Surgery, 117(1),
39–45. https://doi.org/10.1016/j.oooo.2012.04.018
Kim, Y.-K ., Lee, J., Kim, K.-W., Um, I.-W., Murata, M., & Ito, K. (2013).
Analysis of organic components and osteoinductivity in autogenous tooth bone graft material. The Journal of Korean Association
of Maxillofacial Plastic and Reconstructive Surgeons, 35(6), 353–359.
https://doi.org/10.14402/jkamprs.2013.35.6.353
Kim, Y.-K ., Lee, J.-H., Um, I.-W., & Cho, W.-J. (2015). Long-term follow
up of guided bone regeneration using demineralized dentin matrix. Journal of Oral and Maxillofacial Surgery, 74, 1–9. https://doi.
org/10.1016/j.joms.2015.10.030
Kim, Y., Rodriguez, A. E., & Nowzari, H. (2016). The risk of prion infection through bovine grafting materials. Clinical Implant Dentistry

SANTOS et al.

and Related Research, 18(6), 1095–1102. https://doi.org/10.1111/
cid.12391
Koga, T., Minamizato, T., Kawai, Y., Miura, K.-I., I, T., Nakatani, Y., Sumita,
Y., & Asahina, I. (2016). Bone regeneration using dentin matrix depends on the degree of demineralization and particle size. PLoS One,
11(1), e0147235. https://doi.org/10.1371/journal.pone.0147235
Lee, J.-H., Kim, S.-G ., Moon, S.-Y., Oh, J.-S., & Kim, Y.-K . (2011). Clinical
effectiveness of bone grafting material using autogenous tooth:
Preliminary report. Maxillofacial Plastic and Reconstructive Surgery,
33(2), 144–148.
Li, P., Zhu, H. C., & Huang, D. H. (2018). Autogenous DDM versus bio-oss
granules in GBR for immediate implantation in periodontal postextraction sites: A prospective clinical study. Clinical Implant Dentistry and
Related Research, 20(6), 923–928. https://doi.org/10.1111/cid.12667
Li, W., Chen, L., Chen, Z., Wu, L., Feng, J., Wang, F., Shoff, L., Li, X., Donly,
K. J., MacDougall, M., & Chen, S. (2017). Dentin sialoprotein facilitates dental mesenchymal cell differentiation and dentin formation.
Scientific Reports, 7(1), 1–18. https://doi.org/10.1038/s41598-017-
00339-w
Mazor, Z., Horowitz, R., Prasad, H., & Kotsakis, G. (2019). Healing dynamics following alveolar ridge preservation with autologous tooth
structure. The International Journal of Periodontics & Restorative
Dentistry, 39(5), 697–702. https://doi.org/10.11607/prd.4138
Moharamzadeh, K., Freeman, C., & Blackwood, K. (2008). Processed
bovine dentine as a bone substitute. British Journal of Oral and
Maxillofacial Surgery, 46(2), 110–113. https://doi.org/10.1016/j.
bjoms.2007.07.209
Moon, Y.-S., Sohn, D.-S., Kim, G., & Park, I. (2019). Comparative histomorphometric evaluation of bone regeneration with different preparations of xenogeneic tooth block bone. The International Journal of Oral
& Maxillofacial Implants, 34(6), 1413–1422. https://doi.org/10.11607/
jomi.7290
Murata, M., Akazawa, T., Mitsugi, M., Um, I.-W., Kim, K.-W., & Kim, Y.-
K. (2011). Human dentin as novel biomaterial for bone regeneration.
Biomaterials -Physics and Chemistry, 127–140.
Nadershah, M., & Zahid, T. M. (2019). Use of autogenous dentin graft in
mandibular third molar extraction sockets: A split-mouth randomized
double-blind study. International Journal of Pharmaceutical Research
and Allied Sciences, 8(3), 73–79.
Pang, K.-M., Um, I.-W., Kim, Y.-K ., Woo, J.-M., Kim, S.-M., & Lee, J.-H.
(2017). Autogenous demineralized dentin matrix from extracted
tooth for the augmentation of alveolar bone defect: A prospective randomized clinical trial in comparison with anorganic bovine
bone. Clinical Oral Implants Research, 28(7), 809–815. https://doi.
org/10.1111/clr.12885
Pohl, S., Binderman, I., & Tomac, J. (2020). Maintenance of alveolar ridge
dimensions utilizing an extracted tooth dentin particulate autograft
and platelet-rich fibrin: A retrospective radiographic cone-beam
computed tomography study. Materials, 13(5), 1–12. https://doi.
org/10.3390/ma13051083
Renvert, S., Persson, G. R., Pirih, F. Q., & Camargo, P. M. (2018). Peri-
implant health, peri-implant mucositis, and peri-implantitis: Case
definitions and diagnostic considerations. Journal of Clinical
Periodontology, 45, S278–S285. https://doi.org/10.1111/jcpe.12956
Saund, D., & Dietrich, T. (2013). Minimally-invasive tooth extraction:
Doorknobs and strings revisited!. Dental Update, 40(4), 325–330.
https://doi.org/10.12968/denu.2013.40.4.325
Schulz, K. F., Altman, D. G., Moher, D., & CONSORT Group (2010).
CONSORT 2010 Statement: updated guidelines for reporting
parallel group randomised trials. BMC Med, 8, 18. https://doi.
org/10.1186/1741-7015-8-18
Um, I. W., Kim, Y. K., Jun, S. H., Kim, M. Y., & Cui, N. (2018). Demineralized
dentin matrix as a carrier of recombinant human bone morphogenetic proteins: In vivo study. Journal of Hard Tissue Biology, 27(3), 219–
226. https://doi.org/10.2485/jhtb.27.219

|

SANTOS et al.

Valdec, S., Pasic, P., Soltermann, A., Thoma, D., Stadlinger, B., & Rücker,
M. (2017). Alveolar ridge preservation with autologous particulated
dentin—a case series. International Journal of Implant Dentistry, 3(1),
12. https://doi.org/10.1186/s40729-017-0 071-9
Vignoletti, F., Matesanz, P., Rodrigo, D., Figuero, E., Martin, C., & Sanz,
M. (2012). Surgical protocols for ridge preservation after tooth extraction. A systematic review. Clinical Oral Implants Research, 23, 22–
38. https://doi.org/10.1111/j.1600-0501.2011.02331.x
Vittorini Orgeas, G., Clementini, M., De Risi, V., & de Sanctis, M. (2013).
Surgical techniques for alveolar socket preservation: A systematic
review. The International Journal of Oral & Maxillofacial Implants, 28(4),
1049–1061. https://doi.org/10.11607/jomi.2670
Yeomans, J. D., & Urist, M. R. (1967). Bone induction by decalcified dentine implanted into oral, osseous and muscle tissues. Archives of Oral
Biology, 12(8), https://doi.org/10.1016/0003-9969(67)90095-7

11

S U P P O R T I N G I N FO R M AT I O N
Additional supporting information may be found online in the
Supporting Information section.

How to cite this article: Santos A, Botelho J, Machado V, et
al. Autogenous Mineralized Dentin versus Xenograft granules
in Ridge Preservation for Delayed Implantation in Post-
extraction Sites: A Randomized controlled clinical trial with
an 18 months follow-up. Clin Oral Impl Res. 2021;00:1–11.
https://doi.org/10.1111/clr.13765

