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Socket Preservation Therapy with  
Acellular Dermal Matrix and Mineralized  
Bone Allograft After Tooth Extraction in Humans:  
A Clinical and Histomorphometric Study

The aim of this study was to analyze through clinical and histomorphometric 
parameters the use of acellular dermal matrix (ADM) with or without mineralized 
bone allograft (AB) on bone formation in human alveoli after a 6- to 8-month 
healing period. A total of 19 patients in need of extraction of the maxillary anterior 
teeth were selected and randomly assigned to the test group (ADM plus AB) or 
to the control group (ADM only). Clinical and histomorphometric measurements 
and histologic analysis were recorded 6 to 8 months after ridge preservation 
procedures. Clinical parameters and amount of mineralized and nonmineralized 
tissue were measured and analyzed. In the clinical measurements, the test group 
showed reduced bone loss in the buccopalatal dimension after 6 to 8 months 
(intragroup analysis P < .01). Histologic findings showed higher percentages 
of mineralized tissue and lower percentages of nonmineralized tissue in the 
test group when compared with the control group (P < .05). In this randomized 
controlled clinical and histomorphometric study in humans, acellular dermal matrix 
in association with mineralized bone allograft reduced alveolar bone loss in the 
anterior maxillae both in height and width after a follow-up period of 6 to 8 months. 
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Preventing ridge collapse following 
the extraction of maxillary anterior 
teeth is vital to a good esthetic re-
storative outcome. The mainte-
nance of the alveolar bone volume 
following tooth removal facilitates 
subsequent placement of dental 
implants and improves the esthetic 
and functional prosthodontic result.1 
Alveolar bone resorption after tooth 
extraction is an inherent condition 
of the healing process; it is acceler-
ated in the first 6 months after ex-
traction and followed by a gradual 
remodeling that includes changes in 
size and shape.2–5

Early extraction socket healing 
is expected to decrease the alveolar 
ridge by 2 to 4 mm horizontally and 
1 mm vertically.6–8 A number of re-
cently published studies carried out 
in animals proved that after dental 
extraction, healing and maturation 
of the alveoli occurred with dimen-
sional changes after 3 months of 
healing.9,10

Ridge preservation using the 
guided bone regeneration (GBR) 
technique has been shown to im-
prove ridge height and width di-
mensions when compared with 
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tooth extraction alone.6–8,11 It was re-
ported in these clinical studies that 
implants were placed into the aug-
mented ridges successfully, without 
additional bone grafting. 

The general understanding is 
that bone graft placement in the 
extraction socket should offset the 
catabolic processes observed within 
the crestal ridge. Therefore, several 
procedures, such as the use of bone 
autografts, bone replacement mate-
rials, and regenerative techniques, 
have been proposed to prevent and 
correct alveolar bone resorption. 

GBR is based on the principle 
of selecting cells using membranes 
to prevent epithelial proliferation.12 
Some studies have shown the pos-
sibility of using acellular dermal ma-
trix (ADM) as a biologic membrane 
in GBR.13–16 ADM is processed by 
removing the epidermis and all 
dermal cells; however, the complex 
basement membrane and the struc-
ture of collagen and elastin are pre-
served.17 Thereby, ADM provides 
structural biocompatibility when 
used as barrier in GBR. It functions 
as a scaffold for the incorporation 
and migration of epithelial cells, 

keratinocytes, and fibroblasts.12,17 
The use of ADM for ridge preserva-
tion after tooth extraction has been 
demonstrated by successful clini-
cal reports14,16,18,19 and histologic re-
sults.16,20

Several biomaterials, such as 
hydroxyapatite, calcium sulfate, bio-
active glass, and xenograft bone 
substitutes, have demonstrated 
good results when associated with 
membranes or ADM.20–26 Beck and 
Mealey27 performed a histologic 
evaluation of bone formation using 
a single bone allograft material at 
two different time points after tooth 
extraction and socket grafting and 
noticed that all sites examined dis-
played evidence of new bone forma-
tion. Other studies28–31 suggest that 
ridge preservation techniques using 
mineralized human bone allograft 
may promote new bone formation in 
the healing extraction socket. 

The clinical and histologic 
analysis of the use of mineralized 
bone allograft (AB) with ADM for 
the treatment of ridge defects after 
tooth extraction has not been re-
ported in the literature. Therefore, 
this study aims to analyze through 

clinical and histomorphometric pa-
rameters the use of both biomate-
rials to reduce alveolar bone loss 
after tooth extraction over a 6- to 
8-month period.

Materials and methods

The present study was performed at 
the University of São Paulo School 
of Dentistry of Ribeirão Preto, São 
Paulo, Brazil, between June 2010 
and June 2013. It was performed in 
agreement with the World Medical 
Association, which developed the 
Declaration of Helsinki as a state-
ment of ethical principles for medical 
research involving human subjects, 
including research on identifiable 
human material and data. 

Patients

A total of 19 patients (7 men and 12 
women; age range: 25 to 68 years) 
were selected. The sample size pro-
vided 83% statistical power to detect 
differences buccopalatally, between 
groups, of 1.5 mm in all parameters 

Fig 1 Hopeless maxillary anterior teeth.
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evaluated. To be included in the 
study, the patient had to present ≥ 
2 hopeless, single-rooted, nonadja-
cent teeth in the maxilla (Fig 1). This 
was intended to avoid the interfer-
ence of the bone plate of one group 
with the healing process of the other 
group, since the bone plates could 
be in intimate contact. All patients 
received detailed written informa-
tion about the treatment and signed 
an informed consent form.

Exclusion criteria were antibi-
otic therapy in the last 6 months, 
systemic involvement, smoking 
habits, and pregnant or lactating 
patients. At baseline and after 6 
months the following parameters 
were analyzed: (1) distance from the 
membrane-fixating titanium pins 
to the palatal bone margin (exter-
nal vertical palatal measurement 
[EVPM]), (2) distance from the pins 
to the buccal bone margin (exter-
nal vertical buccal measurement 
[EVBM]), and (3) distance from the 
buccal alveolar bone margin to the 
palatal alveolar bone margin (alveo-
lar horizontal measurement [AHM]). 

For the external vertical measure-
ments, the top of the fixation tita-
nium pin was used as a reference 
point.

One week before the extrac-
tions and regeneration procedures, 
scaling and root planing of all teeth 
in the mouth was performed using 
ultrasonic instruments and Gracey 
curettes, and all patients received 
oral hygiene instructions. 

Surgical procedures

In this split-mouth study, the test 
group had 19 sockets treated with 
AB (MinerOss, BioHorizons) associ-
ated with ADM (AlloDerm, Biohori-
zons) and the control group (blood 
clot) had 19 sockets treated only 
with ADM. The randomized allo-
cation to the sites for the test and 
control groups was selected using a 
software program (SPSS, IBM) by a 
computer-generated randomly per-
muted block. The study design was 
performed as previously described 
in the literature.11

Surgical procedures were per-
formed under local anesthesia, and 
a periotome was used for the ex-
tractions to reduce trauma to the 
bone. Intrasulcular incisions were 
performed, and a full-thickness mu-
coperiosteal flap was elevated to ex-
pose the labial and palatal aspects of 
the alveolar ridge. After tooth remov-
al, the granulation tissue was curet-
ted. The two sockets selected for the 
study were treated with GBR, using 
ADM as membrane. Randomly, one 
alveoli was left filled with a blood clot 
(control group) and the other one 
was filled with AB (test group), both 
under the ADM (Fig 2). Furthermore, 
four holes were made to insert the 
pins, which served as a fixed point for 
the clinical measurements and also to 
fix the ADM on the buccal and pala-
tal bone (Fig 3). Full thickness buccal 
and lingual flaps were repositioned 
and sutured with 5.0 nonresorbable 
sutures (Fig 4). When possible, ADM 
was intentionally left exposed in its 
central portion (1 to 2 mm) to induce 
an increase in the width of the kera-
tinized tissue. 

Fig 3 The external vertical buccal measurement (EVBM) was made 
by measuring, with a periodontal probe, the distance from the 
bottom part of the fixation pin to the most coronal part of the 
buccal plate. The same method was used for the external vertical 
palatal measurement (EVPM).

Fig 2 Example of immediate extraction sites. (A) Placement of the 
bone allograft in the test side. (B) Control site.

B
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All patients received antibiotic 
therapy (875 mg amoxicillin and 
125 mg clavulanic acid) every 12 
hours for 10 days and analgesics 
(750 mg acetaminophen) every 8 
hours for 2 days. Patients were in-
structed to rinse twice daily with a 
0.12% chlorhexidine gluconate so-
lution for 15 days, and the sutures 
were removed 2 weeks later. Tem-
porary removable partial dentures 
were fabricated and installed in all 
patients 3 weeks after the first sur-
gery to avoid pressure on the gin-
gival tissues immediately after the 
surgery. Every 15 days during the 
first 2 months, and monthly, until 
the sixth to eighth month, patients 
were called for reevaluation that in-
cluded prophylaxis and oral hygiene 
instructions.

Of the 19 patients who had tak-
en part at baseline, 16 remained in 
the second phase. At 6 to 8 months 
after the first surgical procedure, 
a reentry surgery (Fig 5) was per-
formed using the same approach 
previously described to repeat the 
measurements of the clinical pa-

rameters, collect data, and remove 
the titanium pins. Only 10 patients 
were selected for implant place-
ment, and in these cases biopsies 
were harvested to realize histomor-
phometric analysis. After implant 
placement (second surgical phase), 
oral rehabilitation with fixed pros-
thesis was performed for all pa-
tients. 

Histologic preparation

At the reentry surgery, biopsies mea-
suring 2 × 5 mm were taken from 
the center of the preexisting extrac-
tion socket areas with a 2.75-mm  
trephine drill (outer diameter) in 
both groups. Some patients were 
not included in this phase of the 
study because the remaining bone 
was not sufficient for implant place-
ment, and others did not want to 
continue participation. So, 10 of 16 
patients were selected for the bi-
opsies and implant placement. The 
biopsies were fixed using 4% for-
malin at pH 7 for 10 days and trans-

ferred to a 70% ethanol solution to 
wait for processing. They were em-
bedded in LR White resin (London 
Resin); subsequently, two sections 
from the center of the tissue blocks 
were made using a microtome. One 
group of sections were stained with 
Stevenel’s blue and alizarin red S, 
and the other with toluidine blue 
for optical microscopy. With this last 
stain, it was possible to identify the 
bone tissue that was in formation 
during the healing process and the 
bone that was being deposited at 
the time of the biopsy.  

Histomorphometric analysis

The bone area was determined 
within a rectangle that comprised 
the central region of the socket 
(frame area: 17.84 mm2), measured 
starting at the most cervical point 
of the socket. These measurements 
evaluated the percentage of the re-
gion occupied by mineralized bone 
in relation to the percentage occu-
pied by marrow spaces. 

Fig 4 Full-thickness buccal and lingual flaps repositioned and 
sutured with 5.0 nonresorbable sutures. The patient was using a 
resin-bonded prosthesis. Following the first surgery the prosthesis 
was reattached.

Fig 5 Occlusal view after 6 months, at the reentry surgery. 

© 2016 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 



The International Journal of Periodontics & Restorative Dentistry

e20

Histologic sections from each 
biopsy were captured through a 
video camera (Leica DC300F; Leica 
Microsystems) joined to a stereomi-
croscope (Leica MZFL III). The im-
ages were analyzed using the Image 
J program to determine the area 
measurements (in mm2) of the min-
eralized tissue and the nonmineral-
ized tissues. In the test group, the 
amount of residual graft particles 
was not measured due to its similar-
ity to the newly formed bone. The 
particles were detected by the ex-
aminer due to differences in struc-
ture, but due to similarities in tone 
they could not be identified by the 
software used.

Statistical analysis

Data were recorded as mean ± SD 
for clinical parameters, and the ex-

perimental unit was the individual. 
The split-mouth design was used, 
and statistical analysis was per-
formed by applying nonparametric 
paired tests. To compare the results 
obtained in the control and test 
groups before and after treatment, 
Wilcoxon signed rank test was ap-
plied. For all statistical analyses, a 
significance level of 5% (P < .05) was 
used. 

Results

Clinical findings

The surgical procedures were well 
tolerated by all the patients with no 
postoperative complications. No 
sockets presented exfoliation of the 
bone graft, indicating that the use 
of ADM was appropriate for graft 
retention at the healing phase. 

After the clinical parameters 
were analyzed, the data showed no 
statistically significant differences 
between test and control groups 
in the initial (baseline) and the 6- to 
8-month postoperative evaluation. 
For the baseline, test and control 
values were, respectively (in mm): 
EVBM = 7.18 ± 1.44 and 7.32 ± 1.14; 
EVPM = 2.53 ± 0.55 and 2.29 ± 0.62; 
AHM = 7.34 ± 0.96 and 7.42 ± 1.12; 
after 6 months, test and control val-
ues were, respectively: EVBM = 5.97 
± 0.86 and 5.44 ± 0.95; EVPM = 2.50 
± 0.88 and 2.44 ± 0.81; AHM = 4.44 
± 0.78 and 4.32 ± 1.01. At 6 months, 
the intragroup analysis showed a 
statistically significant reduction  
(P < .01) for the parameters of EVBM 
and AHM for both groups (Table 1). 

The differences obtained in 
each group (between the initial 
measurements and 6 to 8 months 
postoperative) were compared and 
showed a trend for less bone loss in 
the ADM plus AB group, but it was 
not statistically significant (Table 2). 

For a better representation of 
the results, the intergroup analy-
sis was subdivided into two dental 
groups: central incisor and lateral 
incisor. The central and lateral inci-
sor data were recorded as mean ± 
SD and are indicated in Table 3. The 

Table 1 Mean ± SD (mm) of the clinical parameters at baseline and after 6 months for the  
test and control groups

Parameter

Baseline 6 mo Intragroup P value

Test Control P intergroup Test Control P intergroup Test Control

EVBM 7.18 ± 1.44 7.32 ± 1.14 .4391 5.97 ± 0.86 5.44 ± 0.95 .2416 .0119* .0003*

EVPM 2.53 ± 0.55 2.29 ± 0.62 .4927 2.50 ± 0.88 2.44 ± 0.81 .6054 .7774 .763

AHM 7.34 ± 0.96 7.42 ± 1.12 .9651 4.44 ± 0.78 4.32 ± 1.01 .6054 .0001* .0001*
*Wilcoxon signed rank test; statistically significant difference between the groups (P < .01). 
EVBM = external vertical buccal measurement; EVPM = external vertical palatal measurement; AHM = alveolar horizontal measurement.

Table 2 Mean ± SD (mm) for the differences between initial 
measurements and 6 months after surgeries

Parameter Test Control P

EVBM 1.41 ± 1.33 1.97 ± 1.33 .293

EVPM −0.07 ± 0.88 −0.20 ± 1.07 .917

AHM 2.94 ± 1.01 3.18 ± 1.11 .931
EVBM = external vertical buccal measurement; EVPM = external vertical palatal measurement;  
AHM = alveolar horizontal measurement.
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differences obtained in each group 
are shown in Table 4. Percentage 
data for the difference between ini-
tial measurements and 6 months for 
both groups were also calculated 
and are shown in Table 5. In the test 
group, as these results show, the 
central incisor group had statistical-
ly more bone loss in the AHM and 
EVBM measurements when com-
pared with the lateral incisor group.

Histologic observations

It was possible to observe the pres-
ence of mineralized tissue and fi-
brous tissue plus marrow spaces 
(nonmineralized) in the sections 
from both groups (Fig 6). Histology 
of the test site revealed vital bone in 
close proximity to the residual graft 
particles indicating ongoing new 
bone formation. Due to histology 

staining and the use of allogeneic 
graft material, both residual bone 
(older) and recently formed bone 
were dyed the same color and were 
intertwined in the same structure 
(Fig 7).

The control and test groups 
showed an osteoid matrix that was 
also identified in some areas on 
the external surfaces of the bone. 
It was paved with osteocytes in the 

Table 4 Mean ± SD (mm) of the differences between initial measurements and after 6 months 
for two dental groups

Parameter

Lateral Central P Intragroup

Test Control P intergroup Test Control P intergroup Test Control

EVBM 0.90 ± 1.40 1.20 ± 1.14 .225 1.87 ± 0.91 2.69 ± 1.31 0.159 .08 .055

EVPM −0.22 ± 0.91 0 ± 0.80 .283 0.14 ± 0.78 -0.29 ± 1.18 0.327 .26 .356

AHM 2.60 ± 1.10 2.75 ± 0.90 .455 3.0 ± 1.13 3.31 ± 1.56 0.437 .27 .253
EVBM = external vertical buccal measurement; EVPM = external vertical palatal measurement; AHM = alveolar horizontal measurement.

Table 5 Mean ± SD (%) of the difference between initial measurements and 6 months

Parameter

Test Control

Lateral Central P Lateral Central P

EVBM 10.21 ± 20.18 27.29 ± 7.48 .0486* 11.85 ± 18.69 40.58 ± 14.98 .0124*

EVPM −12.50 ± 37.50 18.06 ± 34.72 .2136 −22.92 ± 69.27 −46.67 ± 102.67 .4531

AHM −4.65 ± 12.58 42.92 ± 5.22 .0003* 39.35 ± 13.45 48.23 ± 12.88 .1769
*Wilcoxon signed rank test; statistically significant difference between the groups (P < .05).
EVBM = external vertical buccal measurement; EVPM = external vertical palatal measurement; AHM = alveolar horizontal measurement.

Table 3 Mean ± SD (mm) of the clinical parameters at baseline and after 6 months for the 
central incisor and lateral incisor groups 

Parameter

Intergroup comparison
Baseline 6 months

Test Control Test Control
Lateral Central P Lateral Central P Lateral Central P Lateral Central P

EVBM 6.95 ± 1.64 7.44 ± 1.16 .1739 7.20 ± 1.40 7.44 ± 0.84 .4837 6.05 ± 0.97 5.86 ± 0.73 .3904 6.00 ± 0.70 4.64 ± 1.12 0.0319*

EVPM 2.60 ± 0.48 2.44 ± 0.59 .2312 2.40 ± 0.72 2.17 ± 0.44 .1846 2.78 ± 0.91 2.14 ± 0.44 .1704 2.40 ± 0.68 2.50 ± 1.00 0.3724

AHM 7.00 ± 0.80 7.72 ± 1.02 .1352 7.35 ± 1.12 7.50 ± 1.11 .4191 4.40 ± 0.92 4.50 ± 0.57 .3848 4.60 ± 0.96 3.93 ± 0.78 0.1528

*Wilcoxon signed rank test; statistically significant difference between the groups (P < .01).
EVBM = external vertical buccal measurement; EVPM = external vertical palatal measurement; AHM = alveolar horizontal measurement.
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interior of the lamellae, and osteo-
clasts were present on the outer 
bone surface (Fig 8). Interrupted/
partially resorbed lamellae and 
incremental lines were observed, 
indicating regions of new bone for-
mation in both groups.

Histomorphometric findings

Analysis of the outcomes based on 
mineralized bone (MT) showed the 
following values for the control and 
test sides respectively: 6.42 ± 1.72 
mm2 and 7.72 ± 1.14 mm2. For non-

mineralized tissues (fibrous tissue 
plus marrow spaces) the measure-
ments were 6.33 ± 1.80 mm2 and 
6.90 ± 1.38 mm2 for control and 
test groups, respectively. At 6 to 
8 months, the histomorphometric 
analysis showed 35.99% of mineral-
ized tissue and 35.51% of nonmin-
eralized tissue in the control group, 
while the test group presented 
43.29% of mineralized and 38.66% 
of nonmineralized tissue. The re-
sults showed statistically significant 
differences (P < .05) between the 
test and control groups, as shown in 
Table 6. 

After the rehabilitation phase, 
all patients were included in a main-
tenance program and were recalled 
every 6 months for a period of 2 to 
3 years (Figs 9 and 10) following im-
plant placement.

Discussion

This study describes clinical and 
histologic outcomes for two com-
mercially available biomaterials for 
ridge preservation, when used as 
membrane and socket regenera-
tive materials, for posterior implant 

Fig 6 The presence of the fibrous tissue and marrow spaces (FT + 
MS), new bone (NB), and the residual graft particles of the mineral-
ized bone allograft (MBA) in the test group (Stevenel’s blue and 
alizarin red stain; original magnification, ×10). 

Fig 7 (a) The new bone was formed around and circumscribes the 
residual graft particles (Stevenel’s blue and alizarin red stain; origi-
nal magnification, ×2.5). (b) High-power image showing details of 
the new bone (NB) and mineralized bone allograft (MBA) structures 
(original magnification, ×10).

a b

Table 6 Histologic data: Mean ± SD for the control and test groups

Area (mm2) Area (%)

Mineralized tissue
Nonmineralized 

tissues P Mineralized tissue
Nonmineralized 

tissues P

CG 6.42 ± 1.72 6.33 ± 1.80 .484 35.99 ± 9.65 35.51 ± 10.07 .484

TG 7.72 ± 1.14 6.90 ± 1.38 .072 43.29 ± 6.41 38.66 ± 7.72 .072

P .0383 .404 .038* .404
*Wilcoxon signed rank test; statistically significant difference between the groups (P < .05). 
CG = control group; TG = test group.

FT + MS

NB

MBA
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placement. GBR has been used 
successfully to prevent alveolar 
ridge deformities.8,32,33 A number 
of materials, nonresorbable and 
resorbable, have been used as 
membranes, with similar results in 
terms of bone formation.11,34,35 The 
ideal barrier should be made of 
material that is less susceptible to 
membrane exposure or that cannot 
be significantly colonized by peri-
odontopathogenic bacteria when 
exposed to the oral cavity. The 
present study shows that the tech-
nique of GBR with ADM was able to 
reduce initial bone resorption, since 
there was resorption of 2.94 mm for 
the test group and 3.18 mm for the 
control group on the horizontal as-
pect, and 1.41 mm and 1.97 mm for 
the test and control groups, respec-
tively, of the buccal plate. 

In a recent animal model study, 
Blanco et al36 showed that remodel-
ing after extraction was also more 
pronounced on the buccal bone 
plate than that on the palatal as-

pect. Thus, the authors demonstrat-
ed that in cases treated with flap 
surgery, the average bone resorp-
tion obtained on the buccal bone 
plate was 1.33 mm, compared with 
0.33 mm on the palatal.

The presence of tooth and the 
functional supporting tissues (ce-
mentum, periodontal ligament, and 
bone) play a crucial role in maintain-
ing the dimensions of the alveolar 

process. Alveolar deformities re-
sulting from tooth loss can cause 
esthetic and functional problems, 
especially in the anterior maxilla, 
which could impair and compromise 
the prosthetic rehabilitation with im-
plants or conventional prostheses.

In the present study, mineral-
ized bone allograft was used in as-
sociation with ADM. The data show 
that the graft (MinerOss) efficiently 

Fig 8 The control and test groups showed 
an osteoid matrix. It was paved with osteo-
cytes (a) in the interior of the lamellae, and 
osteoclasts (b) were present on the surface 
of the new bone (Stevenel’s blue and aliza-
rin red stain; original magnification, ×40).

Fig 9 Periapical radiographs 2.5 years after implant placement. 

Fig 10 Intraoral view of an example case definitive restoration at 2.5 years.
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reduced bone loss of the bucco-
palatal dimension, since the width 
of the ridge (AHM) went from a re-
duction of 2.94 ± 1.01 mm for the 
test group and 3.18 ± 1.11 mm for 
the control group to 2.53 mm for 
the test group and 3.40 mm for the 
control group. It was also observed 
that there was less bone loss in the 
vertical alveolar ridge (EVBM) in the 
test group when compared with the 
control group (1.41 ± 1.33 mm and 
1.97 ± 1.33 mm, respectively) show-
ing that the technique of GBR with 
ADM was able to reduce initial bone 
resorption.

The use of ADM plus AB in 
postextraction alveoli to reduce 
ridge deformities and to induce 
bone formation within the alveoli 
was also evaluated. The histomor-
phometric analysis showed 43.29% 
of mineralized tissue for the grafted 
sockets and 35.99% for the control 
group, and 38.66% of nonmineral-
ized tissue for the test and 35.51% 
for the control group. It is important 
to emphasize that the lower per-
centage of the area of total bone 
formation is due to socket healing 
beginning with bone formation from 
the lateral walls and moving to the 
center of the alveoli with time; in 
addition, it forms from the apical 
region upward. This pattern and the 
time of analysis together explain in 
part the results obtained, since bi-
opsies were taken from the center of 
alveoli, the last area to heal.

The basic principle of GBR is the 
isolation of epithelial and connective 
tissue cells from the bone defects.12 
However, it is necessary to maintain 
the available space for bone regen-
eration under the membranes or 

ADM, which has a tendency to col-
lapse into larger bone defects. To 
maintain space and to act as a scaf-
fold for cell migration, proliferation, 
and differentiation, an association of 
bone grafts and GBR is suggested. 

Gapski et al37 suggest that the 
same bone allograft used in this 
study can be successfully used in si-
nus-lifting procedures, since histolo-
gy reported from bone biopsy core 
samples revealed newly formed 
bone with a well-organized lamel-
lar bone structure with remaining 
particles observed in contact with 
surrounding newly formed bone. An 
allograft paste composed of osteo-
inductive demineralized bone matrix 
was used in another study and was 
able to prevent ridge resorption and 
promoted bone maturation com-
pared with extraction sites alone.38 
The histologic analyses reported 
a mean of new bone formation of 
37.4% for the test sites and 35.5% for 
the control sites. Thus, although the 
data in this study showed no statis-
tically significant difference for the 
group with the presence of AB, the 
association of the bone graft and 
the ADM provided a clinical percep-
tion of denser bone during implan-
tation.

Conclusions

In this randomized controlled clini-
cal and histomorphometric study 
in humans, ADM in association with 
mineralized bone allograft reduced 
alveolar bone loss in the anterior 
maxillae both in height and width 
after a follow-up period of 6 to 8 
months.
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