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preservation procedures using autogenous bone, allografts,
xenografts—or various combinations of these and other materials—have, during the past 2 decades, been amassing and improving the clinical track record for alveolar ridge preservation,
the need for more prospective studies and uniformity of data remains.1,10-14 Hence, bone reconstruction is often a requirement
before or during implant therapy to achieve optimal physiologic architecture, function, and aesthetics.
The number of bone grafting procedures has exceeded 2.2
million per year worldwide.15 Expanded use of implants in partially and fully edentulous patients has been a primary driver
of socket preservation bone grafts. The evolving scenario that
surrounds treatment planning of extractions with a view to
placing implants is becoming increasingly common. Since the
surgical phase of implant placement is becoming a more routine component of treatment planning, socket preservation is
also a treatment modality that clinicians need to consider to
help optimize the site at the time of extraction.16-21 In addition,
a wider array of easy-to-use allograft materials, such as demineralized bone matrix (DBM) products, is enabling greater opportunities for patients undergoing socket preservation as an
increasingly predictable method of ridge preservation.
The use of bone grafts in the repair of skeletal defects has a
long history of success. In 1881, Sir William MacEwen22 of
Rothesay, Scotland, published the first case report of successful
interhuman transfer of bone grafts. Bone grafting began gaining
more widespread acceptance in orthopedic practice after publication of foundational work by Putti in 1912,23 and the first
definitive text by Albee24 in 1915.25
While this success was originally and primarily with the
use of autologous bone, allograft materials have been used in
periodontal therapy for more than 3 decades.26,27 Continued
advances have increased the use of xenografts such as Bio-Oss
(Geistlich Pharma North America), and other synthetic substitutes such as bioactive glass,28,29 tricalcium phosphate,30 and
hydroxyapatite.30
DBM allografts and tissue-engineering signaling molecules
such as recombinant human bone morphogenetic protein-2
(rhBMP-2) have demonstrated success in a variety of dental and
craniofacial indications,13,31-35 including socket preservation31,32,36,37 and alveolar ridge augmentation.33,38-42
The use of DBM allografts in fresh extraction sockets with the
objective of preserving bone volume has been studied in parallel
with the evolution of the predictability of dental implants.36,43-46
However, more clinical evidence is needed to support their use in
this specific scenario. Bioresorbable membranes have been used
in conjunction with DBM products for socket preservation procedures with demonstrated clinical success.47
Graft excipients are natural or synthetic substances formu-
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B

one preservation is a central tenet of any reconstructive
protocol. Observational1-4 as well as volumetric1,2,5 studies of bone remodeling subsequent to tooth extraction
have clearly demonstrated the inevitable reduction in alveolar
bone volume that occurs in the absence of clinical interventions
to prevent it. The clinical consequences of this process often severely compromise restorative outcomes and/or reconstructive
treatment planning.
In the case of extraction sockets, immediate implant placement has yielded success in preserving bone (in the aesthetic
zone6,7) but has still been shown to perform suboptimally.8,9
While bone grafting of fresh extraction sockets and other ridge
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lated alongside the active ingredient of a medication and are included for the purpose of serving as a “bulking agent or filler”
in order to confer a therapeutic enhancement of the active ingredient. They also can contribute to scaffold formation, as well
as functioning as effective carriers for bioactive molecules, helping to maximize bone growth after placement of the grafting
material, and thus can be critical components of successful outcomes. One excipient currently in use, poloxamer 407, is an
inert, biocompatible reverse-phase medium compound that
thickens at body temperature, resists irrigation, and allows for
better graft containment. It also facilitates handling, packing,
and molding when used in bone-grafting procedures, especially
in areas with difficult access, and in defects of various sizes and
shapes. Clokie and Urist48 reported in 2000 significantly better
performance of poloxamer 407 as a carrier of bone morphogenetic proteins (BMPs) compared with other carriers, based on
histomorphometric analyses in rats. In 2003, Babbush49 reported favorable clinical outcomes in 10 cases with the use of a
poloxamer-containing DBM putty for socket grafting prior to
successful implant placement.

Despite DBMs’ history of reliability, they are understudied
at the molecular level, particularly regarding allograft resorption
kinetics and their influence on the healing cascade. The ideal
bone graft is one that is osteoinductive as well as osteoconductive15,50-55 and stable in volume.56-60 These criteria are best analyzed by clinical re-entry measurements, or by 3-dimensional
analyses (such as CBCT), as well as through histology and histomorphometry (which is an estimate of the proportional volume
and surfaces occupied by the different components of the bone
biopsy specimen).
However, only a small number of randomized controlled
clinical trials have been conducted to evaluate various grafting
materials using histologic techniques.11,12,61,62 The most commonly assessed histomorphometric parameters comprise percentages of vital new bone, connective tissue, and residual graft
material,44,63-65 all of which were assessed in the exploratory
prospective case series presented here.
DBM consists of the organic portion of bone, including osteoinductive factors such as BMPs. The removal of the mineral
portion of bone exposes the BMP signal to the surrounding tis-

Table 1. Patient Characteristics
Patient
ID

Sex

Age

Ethnicity

Significant Medical History

Reason for Extraction

NR*

F

59

White

Osteoarthritis, migraines

Nonrestorable caries

CT

F

24

White

Thalassemia minor; former smoker

Failed root canal

RS

F

65

White

None

Failed root canal

CS

F

52

White

Sjögren’s syndrome, Graves’ disease, GERD

Failed root canal

DL

M

70

White

Inflammatory bowel syndrome, hypertension,
former smoker

Failed root canal

DW

M

59

White

Asthma

Fractured tooth

RN

M

65

White

Hypertension

Periapical pathosis, nonrestorability

AS

F

64

White

Hypertension, hypercholesterolemia,
hypothyroidism

Buccal cusp fracture, nonrestorability

DL

M

48

White

Bipolar disorder

Caries, nonrestorability

SM

F

54

White

Smoker

Periodontitis, caries

NM

F

22

White

None

Caries

*See case report presented.
KEY: F = female, GERD = gastroesophageal reflux disorder, M = male
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sue, encouraginging the induction of bone formation.
These materials are currently being used in orthopedic procedures such as nonunion fractures66 and lumbar spinal
fusion,67 and the material used in the case series and histologic
case report presented in this article strictly adheres to tissue
banking standards as provided by the US Food and Drug Administration, American Association of Tissue Banks, and Clinical
Laboratory Improvement Amendments.

histomorphometric assessments were made in regard to the efficacy of a 100% DBM material (Accell Connexus [Keystone
Dental]) in socket preservation procedures, when used in conjunction with a bioresorbable membrane (DynaMatrix [Keystone Dental]), for the purpose of bone volume preservation
prior to placement of dental implants.
The DBM material used here differs from other currently
available DBMs in that it contains a variety of growth factors,
transforming growth factor-beta, and several types of BMPs,
which are involved in human tissue growth, as discussed in a
2002 review by Lieberman et al.68 This material contains substantially greater amounts of BMPs than are found in previously de-

MULTIPLE ASSESSMENTS OF SOCKET PRESERVATION
In the case series and histologic case report presented here, clinical, radiographic (including CBCT imaging), histologic, and

Table 2. Histomorphometric Data Summary By Patient, Four-Month Post-Graft Core Biopsies
Histology

Histomorphometry

Patient ID

Tooth No.

See Figures

Vital Bone
Formation
(New Bone
Density) (%)

NR*

31M

16, 17

39.1

3.2

57.7

NR*

31D

18, 19

52.0

2.2

45.8

CT

30

46.7

7.5

45.8

RS

13

41.8

15.0

43.2

CS

3

68.3

8.3

23.4

DL

19

42.5

20.0

37.5

DW

5

69.5

6.1

24.4

RN

3

75.0

8.0

17.0

AS

12

47.6

12.5

39.9

DL

19

75.5

3.6

20.9

SM

19

58.8

10.5

40.7

NM

15

25.5

8.9

65.6

Mean

53.53

8.82

38.49

SD

15.90

5.15

14.89

Median

49.80

8.15

40.30

*See case report presented.
KEY: M = mesial, D = distal, SD = standard deviation
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veloped DBMs,69 and has also demonstrated effective bone regeneration in a mature sheep model.70
The series reported here describes the case of a 59-year-old
white female who underwent this socket-preservation procedure; 2 core biopsies were obtained of the grafted socket (one
core each from mesial and distal graft borders, with care to minimize the incorporation of host bone) just prior to implant
placement at 4 months post-grafting. Further, data are summarized from 10 additional patients who received the same treatment, with one core biopsy obtained from each grafted site, also
at 4 months (time of implant placement in all patients).
This is the first clinical case report to evaluate a 100% demineralized, putty-like DBM bone grafting material containing
BMPs, growth factors, and poloxamer 407, in fresh extraction
sockets for ridge preservation, with focus on percentage of vital
bone formation. To the authors’ knowledge, no study to date has
made qualitative volumetric assessments of ridge preservation
by socket grafting using CBCT.

Figure 1. Accell Connexus (Keystone
Dental) material in delivery syringe.

Figure 2. Trephine bur used to
obtain core biopsies.

Figure 3. Presurgical periapical

Figure 4. Extraction socket immedi-

radiograph, position No. 31.
ately after removal of tooth No. 31.
CLINICAL ASSESSMENTS AND PROCEDURES
This was an exploratory, observational, descriptive, private practice-based, prospective case series to assess proof of
principle of a 100% DBM material used with a bioresorbable membrane for ridge preservation in preparation for dental implant placement.
Descriptive summaries from clinical, radiographic, histologic, and histomorphometric study
data were used to compare bone healing, and in particular, degrees of new vital bone formation after
socket grafting, with other published allograft Figure 5. Accell Connexus graft
Figure 6. DynaMaFigure 7. Primary closure
data62,64,71-80 as well as to evaluate morphological immediately after placement in
trix II bioresorbable
with MONOCRYL (Ethicon
membrane (KeyEndo-surgery) 5-0 suture,
changes as observed by CBCT imaging at different extraction socket, position No. 31.
stone Dental)
position No. 31.
time points (24 hours post-surgery, one-month postplaced over demsurgery, and 4 months post-surgery).
ineralized bone matrix (DBM), No. 31.
A total of 11 patients received the DBM material, which was
covered in all cases with a bioresorbable membrane after indicated extraction of a single tooth (excluding third molars and
lower incisors). All patients had autogenous bone (harvested
from the external oblique ridge or basal bone in the surgical
site) incorporated in their DBM socket grafts.
Performing all extractions with an open-flap technique inherently increased the potential for greater socket resorption.81
Since this case series focused on preservation rather than reconstruction, case selection also aimed to graft only those sites in Figure 8. Soft-tissue healing 4
Figure 9. Radiographic healing at
4 months postoperatively.
which the post-extraction buccal wall anatomy was intact. Sup- months postoperatively, position
plementation with local autogenous bone was done in an effort No. 31.
to minimize socket resorption and further enhance overall bone
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growth results for each individual patient.
Case Selection
Healthy patients who therapeutically required extraction of at
least one natural tooth (with
the exception of third molars
and mandibular incisors), and Figure 10. Assessment of alveolar
for whom a socket preservation ridge width at re-entry, 4 months
post-graft, position No. 31.
procedure was desired and feasible prior to implant placement, voluntarily chose to
undergo these procedures after
receiving detailed explanations of what they entailed, the
potential risks, and the potential for variability in individual
clinical outcome. All patients
gave written, signed informed
consent to undergo the proce- Figure 13. Postoperative periapical
dures with this understanding. radiograph immediately after
All individuals who re- implant placement and abutment
ceived grafts were patients of connection, position No. 31.
record in a private periodontal surgical practice, and all had had recent dental exams, head
and neck exams, prophylaxes, and update interviews for medical history, in addition to full-mouth radiographic series prior
to evaluation for extraction and grafting, as part of a comprehensive and best-practice diagnostic standard of care.
The graft/implant site(s) could not have a history of a failed
implant. Alveolar ridge dimensions had to be sufficient to accommodate and sustain proper implant placement without
augmentation beyond intrasocket grafting.
Women who were pregnant, as well as patients with history
of serious or chronic disease—including diabetes; uncontrolled
hypertension; malignancy; severe coronary heart disease; collagen
or bone disease; local oral, respiratory or systemic infection; or any
immunocompromising disease, or were receiving long-term corticosteroids or current bisphosphonate therapy—could not undergo the procedures. Table 1 summarizes the characteristics of
all patients who received socket grafts and subsequent implants.
All extractions were performed under local anesthesia and
intravenous conscious sedation by the lead author (Dr. Mandelaris). Surgery was performed as an open-flap design. Following
atraumatic delivery, all sockets were thoroughly degranulated
under copious sterile saline irrigation. Appropriate antibiotics

Figure 11. Core biopsies (4 months,
immediately prior to implant placement), position No. 31, mesial and
distal borders of graft site.

Figure 12. Implant placement in
position No. 31 immediately after
core biopsies; displayed resonance
frequency implant stability quotient
(ISQ) of 68.76 (mean ISQ = 72).

Figure 14. Final periapical
radiograph of restored implant, 30
months after placement, position
No. 31.

Figure 15. Final photo of full-cast
gold implant crown, 30 months after
placement, position No. 31.

and analgesics were prescribed for a minimum of 10 days (amoxicillin 250 mg every 8 hours, or clindamycin 150 mg 4 times daily
if the patient was penicillin-allergic; ibuprofen 600 mg every 6
hours). Patients were instructed not to brush or floss at the surgical site for 2 to 3 weeks, and to rinse with chlorhexidine
(0.12%) daily for 2 to 3 weeks after the first postoperative visit.
The DBM putty (Figure 1) was then injected immediately into
each fresh extraction socket, followed by placement of a single
layer of bioresorbable barrier membrane (DynaMatrix), which
was custom fitted to the extraction site. Primary closure was attempted in all cases and achieved with 5-0 poliglecaprone 25
(MONOCRYL [Ethicon Endo-Surgery]) by buccal and lingual
(when possible) periosteal releasing incisions or blunt dissection.
Healing was evaluated at one to 2 weeks and 4 weeks post-surgery.
Re-entry of grafted sites was performed at 4 months postgraft in all cases. Implant placement was performed in all cases
4 months post-surgery using the standard surgical protocol for
the appropriate implant system, as necessitated by each patient
case. One bone core biopsy (2 in the case presented below) was
secured from each healed graft site prior to implant osteotomy
site preparation. A focused-field or single-arch CBCT scan was
performed prior to core retrieval and at 24 hours post-extrac-

5

CONTINUING EDUCATION

Extraction Socket Preservation Prior to Implant Placement

Figure 16. Histology of core biopsy, mesial
graft border of position No. 31 at original
magnification 40x, hematoxylin and eosin
(HE): higher magnification showing detailed
new bone (NB), residual graft material
(RG), bone marrow and cells (BM), and
blood vessels (BV).

Figure 17. Histology of core biopsy,
mesial graft border of position
No. 31 (same section as shown in
Figure 16) at original magnification
40x, HE, showing detailed new bone
(NB), residual graft material (RG),
bone marrow and cells (BM), and
blood vessels (BV).
Figure 18. Histology of core
biopsy, distal graft border
of position 31, at original
magnification 2x, HE.

Figure 19. Histology of core biopsy,
distal graft border of position No.
31 (same section as shown in
Figure 18), captured at a higher
magnification (40x), HE showing
detailed new bone (NB), residual
graft material (RG), bone marrow
and cells (BM), large and multinucleated osteoclasts (OC) near RG,
mononucleate osteoblasts (OB)
lining surface of osteoid seam, and
lacunae containing osteocytes
(LCO) surrounded by bone matrix.

dehydrated in 95% and 100% ethanols. Samples were embedded for 4 to 5 hours in an aqueous encapsulating gel, placed into
a mega cassette, and embedded in celloidin-paraffin. A microtome was used to obtain the 5-µm sections, which were stained
with hematoxylin and eosin (HE).
Whole-slide photomicrographs were captured using a
whole-slide scanning microscope (Olympus VS120 [Olympus
Corporation]). Histomorphometry was performed in each specimen under original, 4x, and 2x magnifications. The analysis
was based on the entire specimen using Image-Pro Plus quantitative analysis software (Media Cybernetics).
Five slides were selected from each specimen for histomorphometry. The mean of these 5 slides for each specimen was reported for the percentages of new bone, soft connective tissue
(bone marrow and cells), and residual graft material.

tion, as well as at one-month post-extraction, to evaluate morphological changes from cross-sectional and axial perspectives.
A final surgical followup was done for all patients 12 to 16
weeks after implant placement.
Bone Biopsies
At 4 months post-extraction (time of implant placement), a 2-mm
trephine bur (Salvin Dental) (Figure 2) was used to obtain core
biopsies in all patients, to evaluate the histology of the hard tissue at the grafted site. Although incorporation of some native
bone into the specimen was a possibility, every effort was made
to procure only grafted tissue. Each bone core biopsy sample
was left in the trephine and placed in formalin in a tissue container, to be shipped for histologic analysis.
Sections 5 µm in thickness were prepared and evaluated
using light microscopy. Histomorphometric measurements of
the tissue fractions (percentages of vital bone formation, remaining soft connective tissue, residual graft material) were
performed for each biopsy sample of each grafted area.

CASE REPORT
After receiving infiltration local anesthesia with 36 mg lidocaine with 0.018 mg epinephrine per 1.8 mL, and under intravenous conscious sedation (induced via midazolam and
fentanyl titration; 0.2 mg glycopyrrolate was also administered
as an antisialogogue) a 59-year-old white female in good general
health was treated. Her daily medications included sumatriptan
once daily and Excedrin PM (as needed) for management of migraine headaches. She underwent extraction of nonrestorable
tooth No. 31 via an open flap technique (Figures 3 and 4). DBM
(Figure 5) and bioresorbable membrane (DynaMatrix II [Key-

Histologic Analysis
The bone-core specimens were stored in 4% paraformaldehyde
and sent to the Philip Boyne Bone Lab at Loma Linda University,
School of Dentistry (Loma Linda, Calif) for histologic and histomorphometric analysis. All histologic and histomorphometric analysis was performed by the second author (Dr. Lu).
The specimens were placed in 70% ethanol and sequentially
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Figure 20. CBCT full-mandible panoramic view (non-focused field) at 24
hours post-extraction, showing newly grafted socket, position No. 31.
Figure 21. Fullarch field
(mandible) CBCT
cross-sectional
slice through
mesial-root
portion of
socket, position
No. 31, at 24
hours post-graft.

stone Dental]) were placed (Figure 6) following atraumatic extraction and thorough degranulation, and primary closure
achieved, as described above (Figure 7). Other medications administered intravenously included 30 mg Toradol for analgesia,
and 8 mg dexamethasone to combat swelling and nausea.
After 4 months of healing (Figures 8 and 9), re-entry was performed, the width of the newly grafted ridge assessed (Figure 10), and
2 core biopsies obtained, one each from the mesial and distal sockets
previously grafted (Figure 11). Opposite-border biopsies were performed to avoid procuring any native bone (eg, from the furcation
area or mesial/distal socket wall borders) that might influence the
percentage of vital bone formation assessed by histomorphometry.
After the biopsies were obtained, osteotomy site preparation was performed (bone harvested during osteotomy was
placed into the biopsy sites) and a Keystone Genesis 5-mm implant (Keystone Dental) was placed, with an initial mean resonance frequency implant stability quotient (ISQ) of 72. Figures
12 and 13 show implant placement and postoperative radiograph, respectively. Figure 14 shows the final post-restoration
periapical radiograph (30 months post-implant placement),
demonstrating osseointegration and uniform bone growth
within the graft site, and Figure 15 shows the final photo of the
full-cast gold implant crown (30 months post-implant placement). Of note, both images also show effective restoration of
tooth No. 30 with a PFM crown.

Figure 22.
Focused-field
CBCT image
showing crosssectional slice
through mesialroot portion of
position No. 31,
at 4 months
post-graft (immediately prior to
implant placement), showing
bridging of new
bone at crest
(creeping
substitution).

Figure 23. Fullarch field
(mandible) CBCT
image showing
cross-sectional
slice through distal-root portion of
socket, position
No. 31, at 24
hours post-graft.

Figure 24.
Focused-field
CBCT image
showing crosssectional slice
through distalroot portion of
position No. 31,
at 4 months
post-graft (immediately prior to
implant placement), showing
bridging of new
bone at crest
(creeping
substitution).

The surgical postoperative course was uneventful in both
extraction/grafting and re-entry/biopsy/implant placement in
all cases. Other than expected slight to moderate discomfort and
swelling at the operative sites postoperatively, no adverse events
were reported by any patient at either surgical phase.
However, it should be noted that some sites healed with secondary intention while others, such as the case reported here, healed
with primary intention wound healing. In an effort to obtain the
most favorable earlier wound healing, primary wound closure was
attempted. However, based on current literature, the absence of primary flap closure in extraction socket preservation healing does
not appear to affect the percentage of vital bone formation.30,81
Histologic Interpretation
Figures 16 to 19 show core biopsy histology from the mesial and
distal biopsy samples of position No. 31 (pre-osteotomy). Figures
16 and 18 show histologic sections at 4x (mesial biopsy, Figure
16) and 2x magnifications (distal biopsy, Figure 18). Figures 17
and 19 identify detailed parameters of regenerative activity at
40x magnification, from mesial and distal biopsies, respectively.
The majority of the specimens showed new bone growth as
woven bone. Figure 16 shows the whole-slide photomicrograph
of the mesial core biopsy of the grafted position No. 31, captured
using a whole-slide scanning microscope (Olympus VS120) at
4x magnification. The woven new bone was stained red in HE. Fig-
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ure 17 shows the same section, captured at a higher magnification
(40x), of a mesial biopsy section from grafted position No. 31,
showing detailed new bone, residual graft material, bone marrow
and cells, and blood vessels. Figure 18 shows 2 pieces of the wholeslide photomicrograph of distal core biopsy of the grafted position No. 31, captured using a whole-slide scanning microscope
(Olympus VS120) at 2x magnification. Figure 19 shows a higher
magnification (original magnified 40x) for the distal biopsy of
grafted position No. 31, showing detailed new bone, residual graft
material, bone marrow and cells, large and multinucleated osteoclasts near the residual graft material, mononucleate osteoblasts
lining the surface of osteoid seam, and lacunae containing osteocytes surrounded by bone matrix.
Table 2 summarizes the histologic and histomorphometric
data from the core biopsies of all patients who received the
DBM and membrane. Osseointegration was radiographically
verified for all implants, with an implant survival rate of 100%
at last observation.

Figure 25. Fullarch field
(mandible) CBCT
image showing
axial slice
through furcation
level, 24 hours
post-graft,
position No. 31.

Figure 26.
Focused-field CBCT
image showing
axial slice through
furcation level, 4
months post-graft,
showing uniform
bone fill across
alveolus, position
No. 31.

Figure 27. Focused-field
CBCT full-mandible
panoramic view of grafted
site, position No. 31, at 4
months post-graft
(immediately prior to
implant placement).

the 4-month time point to better understand bone healing characteristics, and this is primarily why a limited field of view was
chosen. This is of particular interest when evaluating the crestal
bone of the extraction socket at 4 months. Almost complete new
cortical bone lining/bridging can be observed at a site that was
previously devoid of any superior socket lining (socket orifice).

CBCT Data
Figures 20 to 27 show the graft dimensions assessed by CBCT
scans immediately post-graft (within 24 hours) and at the time
of biopsy and implant placement (4 months).
Figure 20 shows the full-arch field (mandible) CBCT
panoramic view immediately after grafting (within 24 hours).
Figure 21 shows the cross-sectional slice through the mesialroot portion of the grafted socket of position No. 31 at 24 hours
post-graft. Figure 22 shows the same slice secured at 4 months,
but viewed from a focused-field CBCT scan taken prior to biopsy
and implant placement. Figures 23 and 24 show the same crosssectional analysis and time points as Figures 21 and 22, but
through the distal socket.
Figures 25 and 26 show CBCT axial sections at the approximate level of the former furcation area of position No. 31
(mesial and distal roots of tooth No. 30 are visible, somewhat
inferior to the furcation level) at 24 hours post-graft and 4
months, respectively. Favorable, uniform bone growth can be
observed in the 4-month axial section (focused-field CBCT
image).
Figure 27 shows a section of the final focused-field CBCT
panoramic view of position No. 31 at 4 months, also demonstrating radiographically uniform bone growth just prior to biopsy
and implant placement. Focused-field imaging provides a higher
level of resolution, and with less radiation exposure to the patient (in terms of total anatomic area exposed), although the
total dose received at the more limited field is higher when compared to a full arch. A higher level of resolution was desired at

DISCUSSION
Alveolar ridge preservation via grafting of extraction sockets
has paralleled the evolution of dental implants as a standard of
care during the past 3 decades. Clinically acceptable results have
been obtained using hydroxyapatite,30,82 tricalcium phosphate,30,83 bioactive glass,28,29,84 xenografts,12,74,80,85,86 allografts,47,65,71,87 autologous bone,88 and biomimetic of
autogenous bone,89 as well as DBM.36,43,47,64,78,88,90
DBM has been studied to an increasing extent in recent
years in connection with alveolar ridge preservation. Overall,
the studies show clinical validation and the establishment of a
good therapeutic track record for DBM use. However, a systematic review by Chan et al12 calls attention to the limited number
of prospective studies on socket grafting, observing that any effect of grafting materials on bone quality remains unknown.
Specifically, a gel form of DBM was found to be safe and
comparably efficacious for post-extraction ridge preservation
in a randomized controlled study by Kim et al36 that compared
DBM alone with DBM combined with rhBMP-2. Another study
by Kim et al91 evaluated the DBM product DynaBlast in combination with DynaMatrix membrane (similar to the one used in
this case series), and found this combination effective in ridge
preservation even in the absence of primary flap closure.
El-Chaar43 compared a DBM putty (Puros [Zimmer Spine])
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alone (intact sockets) with a group that received the DBM putty
combined with single-donor bone chips (sockets with buccal defects), and observed mean new bone fill of 40.28% and 44.6% (n =
5 and n = 4), respectively, in addition to maintenance of ridge dimensions and enabling the placement of implants at 6 months.
Evidence remains unclear as to what—if any—combination
of autogenous bone used in conjunction with DBM offers an advantage over DBM alone. Hoang and Mealey44 found that addition of multiple sizes of bone particles did not improve vital
bone percentages (53%) relative to residual graft (5%), and connective tissue (42%) when added to DBM, compared with single-sized particles (49%, 8%, and 43% vital bone, residual graft
and connective tissue, respectively).
In the first direct comparison of mineralized (FDBA) versus
demineralized freeze-dried bone allograft (DFDBA) in extraction
sockets (n = 20, each group), Wood and Mealey64 demonstrated a
significantly higher percentage of new bone growth with DFDBA
(P = .005). Importantly, no autologous bone, BMPs, or growth factors were added to these materials. These findings tend to support
the hypothesis that demineralized grafting products possess
greater osteoinductivity than do mineralized allografts.
It could be further hypothesized that subsequent addition
of BMPs and growth factors in a controlled fashion further enhances osteoinductive function.
To the authors’ knowledge, the case series presented here
documents the first clinical, radiographic, and histomorphometric analysis of the successful use of a 100% DBM graft material
for alveolar ridge preservation by placement into fresh extraction sockets, documented with CBCT scan data.
Overall, the mean percentages of new bone growth and connective tissue shown by the biopsy results in this case series are comparable to those of similar published studies of ridge preservation
with DBM29,73 or bovine bone mineral,80 with small-to-medium
sample sizes. Of note, histomorphometry results demonstrated vital
bone formation greater than 50% in 6 of the 11 cases evaluated in
the current series, and of those, 4 showed vital bone growth > 68%.
In addition to considerable new bone growth from the periphery of the socket inward (see Figures 19 to 25), favorable
creeping substitution was also seen at the alveolar crest in both
4-month CBCT cross-sections, indicating a bridging effect of
new bone (Figure 22). As noted above, primary wound healing
occurred in this grafted socket, and probably had a beneficial
effect on new bone growth. Secondary-intention healing is normal after most procedures such as this. However, since the crestal area of the graft is the most vulnerable area in this procedure,
having the greatest amount of primary-intention healing is a
prudent objective in socket grafting as it may optimize or accelerate new bone growth.

Published preclinical studies have documented the use of
this DBM product in rabbit calvarium, in which it showed
lower ossification and healing rates than Bio-Oss or control
groups;92 and in athymic rat calvarium, this DBM product was
found to produce comparable levels of new bone growth to that
achieved by BMP-7 + Type-I collagen, at 4 weeks and 8 weeks.93
Of note, a clinical study (in lumbar spinal fusion) comparing grafts using autologous iliac crestal bone and the DBM material used in this series found that both groups performed
equally well for spinal fusion surgery bone healing.67
The inherent limitations of case reports preclude controls,
comparators, and statistical hypothesis testing, as can only be
achieved in appropriately powered, randomized, controlled clinical studies. However, the histomorphometric data observed in
this case series demonstrate that there was considerable bone
growth at 4 months, when all of the core biopsies were obtained.
The variation in the percentages of new bone that was observed in this case series was considerable (25.5% to 75.5%); it
is likely that some native bone was inadvertently incorporated
into the biopsies, and/or individual healing rates varied considerably among patients.
In addition, all patients in this series received autologous bone
as part of their DBM grafts with the intent of augmenting the clinical outcome for each individual patient. The influence of this factor on histomorphometry would require comparative evaluation,
ideally in a split-mouth assessment that compares intrapatient
graft response in the presence or absence of autologous bone.
Furthermore, biopsies were obtained at only one time point
(4 months). In light of findings from a recent case series published by Scheyer et al,47 it could be hypothesized that subsequent biopsies at later time points might indicate an increasing
ratio of new bone to connective tissue and residual graft material. These authors used a syringeable paste allograft (DynaBlast
[Keystone Dental]) which was placed in fresh extraction sockets
and covered with an extracellular matrix membrane (DynaMatrix) similar to that used here. They reported new bone growth
histology at 6, 12, and 24 weeks, to coincide with implant placement (as in our case series), and found progressively increasing
amounts of regenerated woven bone in biopsies at later time
points. Their 24-week (6-month) biopsy group most closely approximated our single observation point (4 months); degrees of
healing prior to this point were not assessed in our series. Qualitative histologic results in that study showed osteoblastic activity as early as 6 weeks post-graft, and increasingly robust vital
bone formation at 12 and 24 weeks.47 However, the value of sequential earlier biopsies must be weighed against risk associated
with disturbing a graft too early and jeopardizing its survival.
These variabilities notwithstanding, the DBM putty and
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membrane materials used in this case series were associated
with sufficient vital bone formation for successful placement
of implants in all cases. The DBM material used in these cases
was easily contained and utilized; its putty-like formulation retained a thickened consistency during injection, facilitating accurate placement via syringe and enabling it to stay in place. It
also handled well in a variety of oral environments and degrees
of saliva flow, or absence thereof, which afforded less potential
for contamination of the graft site.
CONCLUSION
The results from this exploratory case series offer considerable evidence to support the osteoinductive activity of the DBM
graft and bioresorbable membrane materials tested, their clinical acceptability in preserving sockets, and their ability to generate new bone capable of reliably supporting implants. The
highest percentages of new vital bone content observed here
(up to 75.5%) are, to the authors’ knowledge, among the highest
reported for socket-based ridge preservation, as evaluated in an
exploratory case series.
Continuing study of this DBM material and membrane is
warranted and necessary, especially in controlled study designs
and in direct comparison with other DBMs and alternative
socket-grafting materials. Randomized clinical studies with appropriately powered sample sizes, appropriately safe procurement of core biopsies at multiple time points, and intrapatient
comparisons could provide quantitative data of considerable
clinical utility in restorative and reconstructive dentoalveolar
and dentofacial treatment planning.!
Acknowledgments
The authors thank the patients for their participation in the
study and their collaborative efforts to maximize the treatment
outcome; Keystone Dental for support of the study; and Scott A.
Saunders, DDS, ELS, CMPP, at Dental and Medical Writing and
Editing, LLC (DMWE), Royersford, Pa, for professional dental
and medical writing and editing services in preparation of the
manuscript.
References
1. Van der Weijden F, Dell’Acqua F, Slot DE. Alveolar bone dimensional changes of postextraction sockets in humans: a systematic review. J Clin Periodontol.
2009;36:1048-1058.
2. Hämmerle CH, Araújo MG, Simion M; Osteology Consensus Group 2011. Evidencebased knowledge on the biology and treatment of extraction sockets. Clin Oral Implants Res. 2012;23(suppl 5):80-82.
3. Araújo MG, Lindhe J. Ridge alterations following tooth extraction with and without
flap elevation: an experimental study in the dog. Clin Oral Implants Res.
2009;20:545-549.
4. Iasella JM, Greenwell H, Miller RL, et al. Ridge preservation with freeze-dried bone
allograft and a collagen membrane compared to extraction alone for implant site de-

10

velopment: a clinical and histologic study in humans. J Periodontol. 2003;74:990999.
5. Araújo MG, da Silva JC, de Mendonça AF, et al. Ridge alterations following grafting
of fresh extraction sockets in man. A randomized clinical trial. Clin Oral Implants Res.
2014 Mar 12. [Epub ahead of print]
6. Slagter KW, den Hartog L, Bakker NA, et al. Immediate placement of dental implants
in the esthetic zone: a systematic review and pooled analysis. J Periodontol.
2014;85:e241-e250.
7. Paul S, Held U. Immediate supracrestal implant placement with immediate temporization in the anterior dentition: a retrospective study of 31 implants in 26 patients
with up to 5.5-years follow-up. Clin Oral Implants Res. 2013;24:710-717.
8. Araújo MG, Wennström JL, Lindhe J. Modeling of the buccal and lingual bone walls
of fresh extraction sites following implant installation. Clin Oral Implants Res.
2006;17:606-614.
9. Urban T, Kostopoulos L, Wenzel A. Immediate implant placement in molar regions:
risk factors for early failure. Clin Oral Implants Res. 2012;23:220-227.
10. Janssen NG, Weijs WL, Koole R, et al. Tissue engineering strategies for alveolar cleft
reconstruction: a systematic review of the literature. Clin Oral Investig. 2014;18:219226.
11. Horváth A, Mardas N, Mezzomo LA, et al. Alveolar ridge preservation. A systematic
review. Clin Oral Investig. 2013;17:341-363.
12. Chan HL, Lin GH, Fu JH, et al. Alterations in bone quality after socket preservation
with grafting materials: a systematic review. Int J Oral Maxillofac Implants.
2013;28:710-720.
13. van Hout WM, Mink van der Molen AB, Breugem CC, et al. Reconstruction of the
alveolar cleft: can growth factor-aided tissue engineering replace autologous bone
grafting? A literature review and systematic review of results obtained with bone
morphogenetic protein-2. Clin Oral Investig. 2011;15:297-303.
14. Schliephake H. Clinical efficacy of growth factors to enhance tissue repair in oral
and maxillofacial reconstruction: a systematic review. Clin Implant Dent Relat Res.
2013 Jul 9. [Epub ahead of print]
15. Ozdemir T, Higgins AM, Brown JL. Osteoinductive biomaterial geometries for bone
regenerative engineering. Curr Pharm Des. 2013;19:3446-3455.
16. Gottesman E. Periodontal-restorative collaboration: the basis for interdisciplinary success in partially edentulous patients. Compend Contin Educ Dent. 2012;33:478-490.
17. Kido H, Yamamoto K, Kakura K, et al. Students’ opinion of a predoctoral implant
training program. J Dent Educ. 2009;73:1279-1285.
18. Addy LD, Lynch CD, Locke M, et al. The teaching of implant dentistry in undergraduate
dental schools in the United Kingdom and Ireland. Br Dent J. 2008;205:609-614.
19. Afshari FS, Yuan JC, Quimby A, et al. Advanced predoctoral implant program at UIC:
description and qualitative analysis. J Dent Educ. 2014;78:770-778.
20. Sanz M, Saphira L. Competencies in implant therapy for the dental graduate: appropriate educational methods. Eur J Dent Educ. 2009;13(suppl 1):37-43.
21. Harrison P, Polyzois I, Houston F, et al. Patient satisfaction relating to implant treatment by undergraduate and postgraduate dental students—a pilot study. Eur J Dent
Educ. 2009;13:184-188.
22. MacEwen W. Observations concerning transplantation of bone. Illustrated by a case
of inter-human osseous transplantation, whereby over two-thirds of the shaft of a
humerus was restored. Proc Roy Soc Lond. 1881;32:232-247.
23. Donati D, Zolezzi C, Tomba P, et al. Bone grafting: historical and conceptual review,
starting with an old manuscript by Vittorio Putti. Acta Orthop. 2007;78:19-25.
24. Albee FH. Bone-graft Surgery. Philadelphia, PA: WB Saunders; 1915.
25. Glicenstein J. History of bone reconstruction [in French]. Ann Chir Plast Esthet.
2000;45:171-174.
26. Mellonig JT. Bone allografts in periodontal therapy. Clin Orthop Relat Res.
1996;(324):116-125.
27. Nevins M, Mellonig JT. Enhancement of the damaged edentulous ridge to receive
dental implants: a combination of allograft and the GORE-TEX membrane. Int J Periodontics Restorative Dent. 1992;12:96-111.
28. Norton MR, Wilson J. Dental implants placed in extraction sites implanted with bioactive glass: human histology and clinical outcome. Int J Oral Maxillofac Implants.
2002;17:249-257.
29. Froum S, Cho SC, Rosenberg E, et al. Histological comparison of healing extraction
sockets implanted with bioactive glass or demineralized freeze-dried bone allograft:
a pilot study. J Periodontol. 2002;73:94-102.
30. Kim DM, De Angelis N, Camelo M, et al. Ridge preservation with and without primary
wound closure: a case series. Int J Periodontics Restorative Dent. 2013;33:71-78.
31. Fiorellini JP, Howell TH, Cochran D, et al. Randomized study evaluating recombinant
human bone morphogenetic protein-2 for extraction socket augmentation. J Periodontol. 2005;76:605-613.
32. Misch CM. The use of recombinant human bone morphogenetic protein-2 for the repair of extraction socket defects: a technical modification and case series report.

CONTINUING EDUCATION

Extraction Socket Preservation Prior to Implant Placement
Int J Oral Maxillofac Implants. 2010;25:1246-1252.
33. Butura CC, Galindo DF. Implant placement in alveolar composite defects regenerated
with rhBMP-2, anorganic bovine bone, and titanium mesh: a report of eight reconstructed sites. Int J Oral Maxillofac Implants. 2014;29:e139-e146.
34. Katanec D, Grani M, Majstorovi M, et al. Use of recombinant human bone morphogenetic protein (rhBMP2) in bilateral alveolar ridge augmentation: case report. Coll
Antropol. 2014;38:325-330.
35. Francis CS, Mobin SS, Lypka MA, et al. rhBMP-2 with a demineralized bone matrix
scaffold versus autologous iliac crest bone graft for alveolar cleft reconstruction.
Plast Reconstr Surg. 2013;131:1107-1115.
36. Kim YJ, Lee JY, Kim JE, et al. Ridge preservation using demineralized bone matrix
gel with recombinant human bone morphogenetic protein-2 after tooth extraction: a
randomized controlled clinical trial. J Oral Maxillofac Surg. 2014;72:1281-1290.
37. Cochran DL, Jones AA, Lilly LC, et al. Evaluation of recombinant human bone morphogenetic protein-2 in oral applications including the use of endosseous implants:
3-year results of a pilot study in humans. J Periodontol. 2000;71:1241-1257.
38. Mehanna R, Koo S, Kim DM. Recombinant human bone morphogenetic protein 2 in
lateral ridge augmentation. Int J Periodontics Restorative Dent. 2013;33:97-102.
39. Thoma DS, Jones A, Yamashita M, et al. Ridge augmentation using recombinant
bone morphogenetic protein-2 techniques: an experimental study in the canine. J
Periodontol. 2010;81:1829-1838.
40. Jung RE, Windisch SI, Eggenschwiler AM, et al. A randomized-controlled clinical trial
evaluating clinical and radiological outcomes after 3 and 5 years of dental implants
placed in bone regenerated by means of GBR techniques with or without the addition
of BMP-2. Clin Oral Implants Res. 2009;20:660-666.
41. Wikesjö UM, Huang YH, Polimeni G, et al. Bone morphogenetic proteins: a realistic
alternative to bone grafting for alveolar reconstruction. Oral Maxillofac Surg Clin North
Am. 2007;19:535-551, vi-vii.
42. Boyne PJ, Lilly LC, Marx RE, et al. De novo bone induction by recombinant human
bone morphogenetic protein-2 (rhBMP-2) in maxillary sinus floor augmentation. J
Oral Maxillofac Surg. 2005;63:1693-1707.
43. El-Chaar ES. Demineralized bone matrix in extraction sockets: a clinical and histologic case series. Implant Dent. 2013;22:120-126.
44. Hoang TN, Mealey BL. Histologic comparison of healing after ridge preservation using
human demineralized bone matrix putty with one versus two different-sized bone
particles. J Periodontol. 2012;83:174-181.
45. Almasri M, Camarda AJ, Ciaburro H, et al. Preservation of posterior mandibular extraction site with allogeneic demineralized, freeze-dried bone matrix and calcium sulphate graft binder before eventual implant placement: a case series. J Can Dent
Assoc. 2012;78:c15.
46. Sigurdsson TJ, Nguyen S, Wikesjö UM. Alveolar ridge augmentation with rhBMP-2
and bone-to-implant contact in induced bone. Int J Periodontics Restorative Dent.
2001;21:461-473.
47. Scheyer ET, Schupbach P, McGuire MK. A histologic and clinical evaluation of ridge
preservation following grafting with demineralized bone matrix, cancellous bone
chips, and resorbable extracellular matrix membrane. Int J Periodontics Restorative
Dent. 2012;32:543-552.
48. Clokie CM, Urist MR. Bone morphogenetic protein excipients: comparative observations on poloxamer. Plast Reconstr Surg. 2000;105:628-637.
49. Babbush CA. Histologic evaluation of human biopsies after dental augmentation
with a demineralized bone matrix putty. Implant Dent. 2003;12:325-332.
50. Oryan A, Alidadi S, Moshiri A, et al. Bone regenerative medicine: classic options,
novel strategies, and future directions. J Orthop Surg Res. 2014;9:18.
51. Campana V, Milano G, Pagano E, et al. Bone substitutes in orthopaedic surgery: from
basic science to clinical practice. J Mater Sci Mater Med. 2014;25:2445-2461.
52. Goodman SB. Cell-based therapies for regenerating bone. Minerva Ortop Traumatol.
2013;64:107-113.
53. Gruskin E, Doll BA, Futrell FW, et al. Demineralized bone matrix in bone repair: history
and use. Adv Drug Deliv Rev. 2012;64:1063-1077.
54. AlGhamdi AS, Shibly O, Ciancio SG. Osseous grafting part I: autografts and allografts
for periodontal regeneration—a literature review. J Int Acad Periodontol. 2010;12:3438.
55. AlGhamdi AS, Shibly O, Ciancio SG. Osseous grafting part II: xenografts and alloplasts for periodontal regeneration—a literature review. J Int Acad Periodontol.
2010;12:39-44.
56. Johnson EO, Troupis T, Soucacos PN. Tissue-engineered vascularized bone grafts:
basic science and clinical relevance to trauma and reconstructive microsurgery. Microsurgery. 2011;31:176-182.
57. Zadeh HH. Implant site development: clinical realities of today and the prospects of
tissue engineering. J Calif Dent Assoc. 2004;32:1011-1020.
58. Coomes AM, Mealey BL, Huynh-Ba G, et al. Buccal bone formation after flapless extraction: a randomized, controlled clinical trial comparing recombinant human bone

11

morphogenetic protein 2/absorbable collagen carrier and collagen sponge alone. J
Periodontol. 2014;85:525-535.
59. Sclar AG, Best SP. The combined use of rhBMP-2/ACS, autogenous bone graft, a
bovine bone mineral biomaterial, platelet-rich plasma, and guided bone regeneration
at nonsubmerged implant placement for supracrestal bone augmentation. A case
report. Int J Oral Maxillofac Implants. 2013;28:e272-e276.
60. Clozza E, Biasotto M, Cavalli F, et al. Three-dimensional evaluation of bone changes
following ridge preservation procedures. Int J Oral Maxillofac Implants. 2012;27:770775.
61. Gholami GA, Najafi B, Mashhadiabbas F, et al. Clinical, histologic and histomorphometric evaluation of socket preservation using a synthetic nanocrystalline hydroxyapatite in comparison with a bovine xenograft: a randomized clinical trial. Clin Oral
Implants Res. 2012;23:1198-1204.
62. Brownfield LA, Weltman RL. Ridge preservation with or without an osteoinductive allograft: a clinical, radiographic, micro-computed tomography, and histologic study
evaluating dimensional changes and new bone formation of the alveolar ridge. J
Periodontol. 2012;83:581-589.
63. Cook DC, Mealey BL. Histologic comparison of healing following tooth extraction with
ridge preservation using two different xenograft protocols. J Periodontol.
2013;84:585-594.
64. Wood RA, Mealey BL. Histologic comparison of healing after tooth extraction with
ridge preservation using mineralized versus demineralized freeze-dried bone allograft. J Periodontol. 2012;83:329-336.
65. Wang HL, Tsao YP. Histologic evaluation of socket augmentation with mineralized
human allograft. Int J Periodontics Restorative Dent. 2008;28:231-237.
66. Pieske O, Wittmann A, Zaspel J, et al. Autologous bone graft versus demineralized
bone matrix in internal fixation of ununited long bones. J Trauma Manag Outcomes.
2009;3:11.
67. Schizas C, Triantafyllopoulos D, Kosmopoulos V, et al. Posterolateral lumbar spine
fusion using a novel demineralized bone matrix: a controlled case pilot study. Arch
Orthop Trauma Surg. 2008;128:621-625.
68. Lieberman JR, Daluiski A, Einhorn TA. The role of growth factors in the repair of bone.
Biology and clinical applications. J Bone Joint Surg Am. 2002;84-A:1032-1044.
69. Kay JF, Khaliq SK, King E, et al. Amounts of BMP-2, BMP-4, BMP-7 and TGF-ß1 contained in DBM particles and DBM extract [white paper]. Irvine, CA: IsoTis Orthobiologics. adrsrl.it/allegati/24/brochure-accell.pdf. Accessed March 16, 2015.
70. Kay JF, Khaliq SA, Nguyen JT. Effective design of bone graft materials using osteoinductive and osteoconductive components. Presented at: Biomaterials in Regenerative Medicine; October 16-18, 2004; Philadelphia, PA.
71. Eskow AJ, Mealey BL. Evaluation of healing following tooth extraction with ridge
preservation using cortical versus cancellous freeze-dried bone allograft. J Periodontol. 2014;85:514-524.
72. Toloue SM, Chesnoiu-Matei I, Blanchard SB. A clinical and histomorphometric study
of calcium sulfate compared with freeze-dried bone allograft for alveolar ridge preservation. J Periodontol. 2012;83:847-855.
73. Beck TM, Mealey BL. Histologic analysis of healing after tooth extraction with ridge
preservation using mineralized human bone allograft. J Periodontol. 2010;81:17651772.
74. Lee DW, Pi SH, Lee SK, et al. Comparative histomorphometric analysis of extraction
sockets healing implanted with bovine xenografts, irradiated cancellous allografts,
and solvent-dehydrated allografts in humans. Int J Oral Maxillofac Implants.
2009;24:609-615.
75. Smukler H, Landi L, Setayesh R. Histomorphometric evaluation of extraction sockets
and deficient alveolar ridges treated with allograft and barrier membrane: a pilot
study. Int J Oral Maxillofac Implants. 1999;14:407-416.
76. Brugnami F, Then PR, Moroi H, et al. Histologic evaluation of human extraction sockets treated with demineralized freeze-dried bone allograft (DFDBA) and cell occlusive
membrane. J Periodontol. 1996;67:821-825.
77. Becker W, Urist M, Becker BE, et al. Clinical and histologic observations of sites implanted with intraoral autologous bone grafts or allografts. 15 human case reports.
J Periodontol. 1996;67:1025-1033.
78. Simion M, Dahlin C, Trisi P, et al. Qualitative and quantitative comparative study on
different filling materials used in bone tissue regeneration: a controlled clinical study.
Int J Periodontics Restorative Dent. 1994;14:198-215.
79. Froum SJ, Tarnow DP, Wallace SS, et al. Sinus floor elevation using anorganic bovine
bone matrix (OsteoGraf/N) with and without autogenous bone: a clinical, histologic,
radiographic, and histomorphometric analysis—Part 2 of an ongoing prospective
study. Int J Periodontics Restorative Dent. 1998;18:528-543.
80. Norton MR, Odell EW, Thompson ID, et al. Efficacy of bovine bone mineral for alveolar
augmentation: a human histologic study. Clin Oral Implants Res. 2003;14:775-783.
81. Moghaddas H, Stahl SS. Alveolar bone remodeling following osseous surgery. A clinical study. J Periodontol. 1980;51:376-381.

CONTINUING EDUCATION

Extraction Socket Preservation Prior to Implant Placement
82. Paderni S, Terzi S, Amendola L. Major bone defect treatment with an osteoconductive
bone substitute. Chir Organi Mov. 2009;93:89-96.
83. Horowitz RA, Mazor Z, Miller RJ, et al. Clinical evaluation alveolar ridge preservation
with a beta-tricalcium phosphate socket graft. Compend Contin Educ Dent.
2009;30:588-594.
84. Camargo PM, Lekovic V, Weinlaender M, et al. Influence of bioactive glass on changes
in alveolar process dimensions after exodontia. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod. 2000;90:581-586.
85. Kim YK, Yun PY, Lee HJ, et al. Ridge preservation of the molar extraction socket
using collagen sponge and xenogeneic bone grafts. Implant Dent. 2011;20:267272.
86. Araújo M, Linder E, Lindhe J. Effect of a xenograft on early bone formation in extraction sockets: an experimental study in dog. Clin Oral Implants Res. 2009;20:1-6.
87. Koutouzis T, Lundgren T. Crestal bone-level changes around implants placed in postextraction sockets augmented with demineralized freeze-dried bone allograft: a retrospective radiographic study. J Periodontol. 2010;81:1441-1448.
88. Arenaz-Búa J, Luaces-Rey R, Sironvalle-Soliva S, et al. A comparative study of platelet-

12

rich plasma, hydroxyapatite, demineralized bone matrix and autologous bone to promote bone regeneration after mandibular impacted third molar extraction. Med Oral
Patol Oral Cir Bucal. 2010;15:e483-e489.
89. Thompson DM, Rohrer MD, Prasad HS. Comparison of bone grafting materials in
human extraction sockets: clinical, histologic, and histomorphometric evaluations.
Implant Dent. 2006;15:89-96.
90. Callan DP, Salkeld SL, Scarborough N. Histologic analysis of implant sites after grafting with demineralized bone matrix putty and sheets. Implant Dent. 2000;9:36-44.
91. Kim DM, Nevins M, Camelo M, et al. The feasibility of demineralized bone matrix
and cancellous bone chips in conjunction with an extracellular matrix membrane for
alveolar ridge preservation: a case series. Int J Periodontics Restorative Dent.
2011;31:39-47.
92. Khorsand A, Rasouli Ghahroudi AA, Motahhari P, et al. Histological evaluation of Accell
Connexus and Bio-Oss on quality and rate of bone healing: a single blind experimental study on rabbit’s calvarium. J Dent (Tehran). 2012;9:116-127.
93. Mhawi AA, Peel SA, Fok TC, et al. Bone regeneration in athymic calvarial defects with
Accell DBM100. J Craniofac Surg. 2007;18:497-503.

