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Abstract: Background: Extracted tooth material has been seen as a valuable alternative to synthetic
biomaterials. Aims: A novel flapless alveolar socket preservation (ASP) procedure with demineralized
extracted tooth dentin graft material covered by three reabsorbable membranes was histologically and
clinically evaluated 4 months after bone healing. Methods: Ten patients were enrolled and separated
into two groups. Five post-extractive sites without buccal and/or palatal bone walls were treated
with the flapless ASP procedure with demineralized tooth dentin covered with three reabsorbable
membranes (Group A—GA). Five patients were treated with primary wound closure covered only
with a reabsorbable membrane (Group B—GB). Bone biopsies were performed for histologic and
histomorphometric analyses. Results: In both procedures, all clinical outcomes showed good healing
of hard and soft tissue and a good maintenance of maxillary architecture. The histological analysis
showed no necrosis or inflammatory areas in either group. The histomorphometric analysis showed
higher total bone volume in GA (62.78 ± 7.97%) compared to GB (48.04 ± 9.32%), higher vital new
bone in GA (57.53 ± 11.16%) compared to GB (42.41 ± 13.06%) and similar values for residual
graft in GA (5.24 ± 5.82%) compared to GB (5.29 ± 4.83%). Conclusions: The data obtained show
how this novel technique, mixed with the dentin-derived graft material, seems to promote higher
bone regeneration.

Keywords: ASP alveolar socket preservation; bone regeneration; demineralized tooth dentin; tooth
transformer; bone

1. Introduction

Several bone biological processes after tooth extraction have been described in the
literature. All events related to the bundle-bone resorption during alveolar bone healing
promote a clinical bone volume shrinkage and higher buccal bone resorption. All clinical ev-
idence shows an unfavorable crown–implant ratio and several esthetic and bio-mechanical
complications that could represent the potential failure of final dental implant rehabilita-
tion. In the last 15 years, several studies have been carried out to understand the bone
loss process after tooth extraction and to promote surgical procedures and autologous or
heterologous biomaterials to reduce the volume decrease after tooth extraction and support
bone regeneration at the end of the bone healing period [1–3]. Therefore, initially, guided
bone regeneration (GBR) and, recently, alveolar socket preservation (ASP) procedures, were
applied to decrease bone loss and promote alveolar preservation, obtaining adequate hori-
zontal/height bone volume, simple implant placement, favorable crown–implant prosthetic
ratio and predictable prognosis of rehabilitation [4–7]. To evaluate the ideal biomaterial in
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ASP, several autologous and heterologous materials with biocompatibility, osteogenesis,
osseoinduction, and different osseoconduction characteristics have been used [8]. Reab-
sorbable or non-reabsorbable membranes used in the GBR technique are crucial in the bone
regeneration and avoid the alveolar socket space colonization by fibroblasts that have a
greater cellular turn-over than osteoblast cells. In 2011, Heggeler et al., in a systematic
review, observed better results in ASP cases compared with spontaneous bone healing,
concluding that ASP is useful to reduce bone loss but is unable to prevent it [9]. In 2014,
Lindhe et al. showed that non-reabsorbed heterologous particles surrounded by bone in
a post-extraction socket after healing were able to occupy the space (osseoconduction),
promote bone growth and prevent further bone resorption [10]. In 1967, Yeomans and Urist
showed the demineralized dentin matrix osteoinductive potential, promoting the tooth
as autologous bio-material for bone reparation and regeneration [11,12]. In 2015, Kurmar
showed a similar chemical composition for the hydroxyapatite inorganic portion of bone
(95%) and dentin (65%) as well as the Col-1 protein and other secondary molecules [13].

The aim of the present study was to assess, in compromised wall socket sites, the
clinical, histological and histomorphometrical values for a novel, minimally invasive
flapless ASP technique using three reabsorbable membranes, compared to classic open-flap
elevation ASP procedures covered with a single reabsorbable membrane.

2. Materials and Methods

General inclusion criteria (asa-1 and asa-2) were adopted. The exclusion criteria
were: patients with a history of allergies, diabetes, HIV, cancer, bone or metabolic dis-
eases, pregnancy, use of immunosuppressive agents, systemic corticosteroids, intramus-
cular/intravenous bisphosphonates, tobacco, radio or chemotherapy patients (within the
last six months). Ten patients [average age 57 years (from 50 to 73)—5 male and 5 female]
without buccal or palatal bone defects after tooth extraction were enrolled and divided
into two groups in four different dental clinics in Italy. All healthy patients were selected
and a written informed consent was subscribed for enrollment in the study. The patients
were treated for alveolar socket preservation procedures according to the 2013 Helsinki
protocols and ethical requirements. After extraction, socket pre-surgical CBCT (cone-beam
computed tomography) measurement evaluation was performed in all patients and before
extraction.

2.1. Surgical Protocol

In accordance with the University of Chieti Ethics Committee, protocol N_1869 12
December 2018 (request ID richhtnc4—approved 17 verb 21 March 19 St. 638—P.I. Perfetti),
ten (10) healthy patients needing mandibular molar extraction were enrolled in four private
dental clinics in Italy.

Two weeks before the surgery treatment, a professional oral hygiene session was
administered, and twice a day, for all patients, chlorhexidine 0.2% mouth rinses were
prescribed.

After atraumatic tooth extraction, the baseline socket buccal-lingual and vertical mor-
phology dimensions were recorded using CBCT measurement, and again after the healing
period (4 months) before the insertion of the implants. After tooth extraction, the absence
of palatal or buccal bone walls prompted the specific clinician’s attention to preserve the
keratinized soft tissue. The whole extracted tooth was firstly cleaned in abundant water
irrigation, using a diamond drill (ref. 6855 Dentsply Maillefer, Ballaigues, Switzerland),
and endodontic filling materials (gutta-percha, composite, etc.) were carefully removed.
Also, the tooth was cut into small pieces (6–6 mm) and inserted into the device (Tooth
Transformer, Milan, Italy), and according to the manufacturer’s instructions, a single-use
box (containing 0.1 M hydrochloric acid, 10% hydrogen peroxide and demineralized water)
was inserted. After 25 min, the particle graft biomaterials obtained were placed in the
alveolar post-extractive socket sites and covered with a reabsorbable collagen membrane
(Osseoguard, Zimmer Biomet, Warsaw, IN, USA). The graft material was placed into the



Appl. Sci. 2023, 13, 1411 3 of 10

existing alveolar ridge dimensions, making no attempt to go outside the confines of the
ridge. In order to increase keratinized tissue width, the membrane was hole punched
to produce three round membrane layers, they covered the defect, and only the third
superficial membrane was sutured. The sites were allowed to heal without primary wound
closure. Amoxicillin 2 gr × 7 days (Pfizer, New York, NY, USA) was administred and
after 14 days all sutures were removed. Four months after surgery, through a periodon-
tal probe measurement with the mesial tooth, into the center of the original extraction
socket, specific bone biopsies were obtained using graduated trephine cylindrical drills
(4 × 18 mm Meisinger, Neuss, Germany). Then, ten dental implants (CEA, Geneva, Switzer-
land) were placed in the maxillary alveolar regenerated sites.

Group A: The graft material was condensed in the defect. The membrane was hole-
punched to produce three round membrane layers, all membranes covered the defect,
and only the third superficial membrane was secured with 5-0 sutures. The socket was
allowed to heal without primary wound closure in order to increase keratinized tissue
width (Figure 1C–H).
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Figure 1. (A) Tooth Transformer device. Blade box with the tooth specimen after surgical extraction
and before shredding and demineralization treatment. (B) Tooth graft materials after shredding and
demineralization. (C) Autologous tooth-derived graft material placed in alveolar post-extractive
socket. (D) Three reabsorbable membrane placements to cover the tooth graft materials. (E) Suture.
(F) ASP technique healing period after suture excision. (G) Surgical bone biopsy excision after
4-month healing period. (H) Bone histological specimens for Group A.

Group B: Tooth particle graft biomaterials were placed in the alveolar post-extractive
socket sites and covered with only one resorbable collagen membrane. To allow a primary
closure of the tissues, a surgical flap was elevated. The marginal tissues were placed
near and fixed with single stitches. Two weeks post-surgery, the sutures were removed
and, after the healing period, (according to the patient’s requirements) bone biopsies
using 4 × 18 mm graduated trephine cylindrical drills (Meisinger, Neuss, Germany) were
performed, matching the center of the original extraction socket in the area indicated for
implant placement according to prosthetic requirements; dental implants (CEA, Geneva,
Switzerland) were then placed in alveolar regenerated sites. After the implant healing
period, a ceramic prosthetic was placed. Before and after the healing period, X-rays were
performed (Figure 2A–F).
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Figure 2. (A) Autologous tooth-derived graft material placed in alveolar post-extractive socket.
(B) Tooth graft materials covered with a resorbable collagen membrane. (C) Suture. (D,E) Surgical
bone biopsy excision after 4-month healing period before implant placement. (F) Group B bone
histological specimens.

2.2. Histology

All specimens were firstly decalcified, paraffin-embedded and, finally, sliced thinly. All
specimens were buffered in formalin (7 days), and afterwards disodium EDTA (pH 7) was
used to obtain a total decalcification of the samples. After this, the samples were dehydrated
in ethanol (concentration from 70% to 100%), cleared with xylene, and embedded in paraffin
(Carlo Erba reagents, Firenze, Italy). Then, the paraffin slides were obtained with a Lecia
RM2245 rotatory microtome (Wetzlar, Germany) and colored with hematoxylin and eosin.
The histological images made with transmitted light microscope (TLM, Olympus, Tokyo,
Japan) were analyzed by IAS 2000 software (QEA, Billerica, MA, USA). Each specimen was
split into nine sub-sections to evaluate the differences between different portions (lateral
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vs. central, or upper vs. bottom). A total of 909 sub-sections were detected and measured
using ImageJ program. The mineralized bone volume percentage (BV%), the residual graft
percentage (RG%) and the vital bone percentage (VB%) were evaluated.

2.3. Statistical Analysis

To compare the test vs. control groups behavior, statistical values analysis was carried
out. Using Statistical Package for Social Sciences software (SPSS for Windows, Version 11.5,
Chicago, IL, USA), the t-test for paired samples in pre–post differences was performed with
time as the co-factor, to detect significant divergences between pre and post-test scores.

3. Results

All surgical extraction sockets healed uneventfully. After eight weeks, in all GA
patients, clinical complete re-epithelialization healing sites over the reabsorbable barriers
were observed. Four months after surgery, maxillary ridge CBCT measurements of GA
patients showed adequate bone width for 3D implant placement. Clinical differences were
observed between the two groups in the healing of the coronal parts of the regenerations.
In Group A (test), the vertical variation (difference between initial volume and the volume
measured at the end of the therapy) was 89%, and in Group B (control) it was 102%. The
horizontal variation was 92% in Group A (test) and 100% in FC + Group B (control) (Table 1).

Table 1. Histological and histomorphometrical variations of bone biopsies in Group A (GA) and
Group B (GB).

Group A Patients % Vertical
Bone Variation

% Horizontal
Bone Variation % New Bone % Vital Bone % Residual Graft

A 65 85 54.14 51.76 02.38
B 97 99 61.69 61.52 00.17
C 99 98 57.15 42.72 14.43
D 90 86 66.67 59.06 07.60
E 92 92 74.25 72.63 01.62

Mean Value 89 92 62.78 57.53 05.24

Group B Patients % Vertical Bone
Variation

% Horizontal
Bone Variation % Bone Volume % Vital Bone % Residual Graft

F 117 91 46.56 42.11 04.44
G 97 85 38.42 29.97 08.45
H 110 138 63.59 63.43 00.16
I 100 98 44.99 33.17 11.82
L 102 82 46.64 43.37 01.59

Mean Value 102 100 48.08 42.41 05.29

The volume was measured before surgery with CBCT and again after 4 months and
the images were superimposed. During the measurement (millimeters) before surgery, the
dimensions (vertical and horizontal) were recorded, and they were then compared with
the same dimensions (vertical and horizontal) when superimposing the image taken after
4 months (Figure 3). The differences in percentages are shown in Table 1.

The histomorphometric analysis showed different bone behavior between the two
groups (Figures 1H and 2F): in GA, a higher bone volume (BV) (62.78 ± 7.97%) mean
value was observed compared to Group B (48.04 ± 9.32%). A higher vital bone (VB) mean
value was detected in GA (57.53 ± 11.16%) compared to GB (42.41 ± 13.06%). Interestingly,
similar results for the demineralized dentin residual graft in GA (5.24 ± 5.82%) compared
to GB (5.29 ± 4.83%) were observed in all specimens analyzed (Table 1).
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4. Discussion

In the last ten years, different procedures have been suggested to preserve the bone
volume after tooth extraction, and different biomaterials have been promoted for ASP sur-
gical treatments, such as bovine bone particles (BBP) + socket sealing (SS), 90% bovine bone
granules and 10% porcine collagen (BBG/PC) + SS, cortico-cancellous porcine bone parti-
cles (CPBP) + SS, allograft particles (AG) + SS, alloplastic material (AP) with or without
SS, autologous blood-derived products (ABDP), cell therapy (CTh), recombinant mor-
phogenic protein-2 (rhBMP-2) and SS alone [14]. In a recent histomorphometrical literature
review, the different market graft materials were compared without showing the best
biomaterial [15]. Recently, a three-punch alveolar ridge reconstruction (ARR) technique
was clinically proposed to obtain predictable bone volume maintenance results. In 2022,
Grassi proposed using a xenograft material covered with three reabsorbable membranes in
ARP maxillary treatment [16]. Recently, in several ASP or ARP human studies, autologous
demineralized dentin, obtained after tooth extraction, was used as a graft material and
was investigated with clinical and histomorphometrical evaluation. Encouraging histo-
logical and histomorphometrical results of the bone biopsies have been shown in several
publications [17–19]. Moreover, the differences between non-vital endodontic treated and
vital whole teeth used as autologous graft materials in ASP procedures were described [17].
Also, Minetti et al. in 2021 showed a high implant survival rate 1 year after loading (98.2%)
in maxillary regenerated sites with tooth used as a graft material [18]. Several studies have
shown how the buccal plate thickness, the absence or the highly compromised buccal plate
influence, the ridge augmentation shape and the dimensions of the autologous tooth matrix
conditioned buccal bone resorption, and in one systematic review the buccal plate was
related to different biomaterials [20–24]. No inflammation, infection or graft rejection were
present after 14 implants without a bone buccal wall and filled using autologous tooth
extracted-derived material. After 6 months, the bone resorption was measured: mesial
0.39 ± 1.19 mm and distal 0.42 ± 0.90 mm [25].

Murata and Kim, using a different demineralization procedure, have achieved similar
results in terms of quality and the amount of newly formed bone tissue [26,27].

In a recent literature review, the conclusions were: autogenous teeth have superior
clinical performance when compared with other grafts.

In 2022, a histological and histomorphometric study showed the different outcomes of
tooth-derived materials used as bone substitute in ASP [19]. The present study showed
a high global bone volume in both groups evaluated. Moreover, significant differences
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were detected in vertical bone variation percentage in GB (102 mean value) compared
to GA (89 mean value), as well as in horizontal bone variation, which was higher in GB
(100% mean vale) compared to GA (92 mean value). The similar histomorphometrical
results of the global residual graft in GA (5.24 ± 5.82%) compared to GB (5.29 ± 4.83%),
observed in all specimens analyzed, suggested the hypothesis that the biomaterials seem to
be extremely bio-compatible to the patient bone, promoting high value of bone regeneration.
Furthermore, the present study showed very promising histomorphometrical results with
higher NB (62.78) and VB (57.53) percentage mean values in GA compared to GB (NB
48.08–VB 42.41). In GA, on the bone surface it is possible to observe 1–2 mm where the
residual granules are the majority of the volume, and the new bone is reduced, probably
influencing the buccal plate elevated resorption. In Group B (control group), the residual
graft is scattered in all the total histological core. While the test group has a high density
but loses 15% of volume, the control group maintains the volume but has a lower density. It
was possible to draw these conclusions as the volume, measured with the superimposition,
was connected with the histological and histomorphometrical results.

This article compares this new technique with a traditional technique using a patient’s
tooth as biomaterial. It is also possible to compare the results obtained by Grassi [15], who
used the same new technique but with a market xenograft biomaterial. It is interesting
to observe that the mean value among eight patients showed by Grassi is very different
from that found in this research. The residual graft was 31.8 ± 8.3 and the vital bone was
25.4 ± 8.7. In our study, the obtained results, as shown above, were better. The residual graft
was 5.24 (GA) and 5.29 (GB) and the vital bone was 57.53 (GA) and 42.41 (GB). Probably,
the difference is due to the autologous graft material, wich is very similar to the bone.

This study has some limitations, the first being the small number of samples and
therefore the poor statistics; other limitations could be the lack of comparison with different
biomaterials, as well as the use of only one type of absorbable membrane. Therefore, new
randomized clinical trials with a larger sample size and different defect shapes are required
to evaluate the potential properties of the present bone preservation technique.

5. Conclusions

The preliminary clinical and histological results of the new three-punch ARR tech-
nique combined with autologous tooth-derived dentin graft materials showed predictable
outcomes in terms of clinical bone volume and new vital bone volume.

Despite the variability of the results, the extremely simple procedure, the possibility to
expand the mucosa volume during the second surgical stage and the interesting results in
bone volume improvement, induce us to evaluate positively the three-punch membrane
approach in ARP bone treatments.
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