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Background: Various grafting materials have been used for
preservation of the dimensions of the residual alveolar ridge fol-
lowing tooth extraction. The purpose of this study was to evaluate
clinical, histomorphometric, and radiographic healing 4 months
after tooth extraction with or without placement of a putty-form
anorganic bovine-derived hydroxyapatite matrix combined with
a synthetic cell-binding peptide P-15 (Putty P15) to determine
the effect on alveolar ridge preservation following exodontia.

Methods: Twenty-four consecutive subjects in need of extrac-
tion of maxillary premolars were recruited. Recruited subjects
were randomly assigned to the test (Putty P15 and bioabsorbable
collagen wound dressing material) or control (bioabsorbable col-
lagen wound dressing material only) group. Data were recorded
at 1, 2, 4, 8, and 16 weeks after ridge preservation procedures.
At 16 weeks, a reentry surgery was performed, clinical measure-
ments were repeated, and bone core biopsies were obtained for
histomorphometric analysis prior to dental implant placement.

Results: The control group had a mean reduction in ridge
height of -0.56 – 1.04 mm, whereas alveolar ridge height
appeared to remain unchanged in the test group (0.15 –
1.76). The test group showed a mean reduction in ridge width
of -1.31 – 0.96 mm, whereas the mean value for the control
group was -1.43 – 1.05 mm. No statistical significance was
observed between the groups. Mean bone density was signifi-
cantly superior in the test group (2.08 – 0.65 versus 3.33 –
0.65). Histomorphometric analyses revealed similar percent-
ages of bone vitality (test: 29.92% – 8.46%; control: 36.54% –
7.73%). Comparable percentages of bone marrow and fibrous
tissue also were observed (test: 65.25% – 6.41%; control:
62.67% – 7.41%). Only 6.25% of the Putty P15 particles
remained at 4 months in the analyzed biopsies.

Conclusion: A favorable response was observed when Putty
P15 was applied to extraction sockets, suggesting that it may
be useful for alveolar ridge preservation prior to dental implant
placement. J Periodontol 2008;79:291-299.
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T
ooth extraction results in atrophy
of the edentulous alveolar ridge.1,2

This continuous process nega-
tively influences dental implant place-
ment as early as 4 months following
exodontia.3-5 Reduction in alveolar ridge
height and width may complicate or
even prohibit optimal implant place-
ment, often compromising esthetic and
functional treatment outcomes.6 Tech-
niques for preservation of alveolar ridge
dimensions have been proposed and
evaluated in the literature,7-12 and a
variety of bone graft materials and bar-
rier membranes have been suggested
for their ability to enhance bone forma-
tion13-15 and their bone healing and
bone-forming capacity in extraction
sockets.16-20 However, to the best of
our knowledge, the putty form of anor-
ganic bovine-derived hydroxyapatite
matrix combined with a synthetic cell-
binding peptide P-15 (Putty P15) has
not been evaluated for this purpose in a
well-controlled, randomized clinical
trial. Hence, this study was designed to
test the ability of Putty P15 to function as
bone graft material for alveolar ridge
preservation following exodontia.

MATERIALS AND METHODS

The University of Michigan’s Institutional
Review Board reviewed and approved
the research protocol for this double-
masked, randomized clinical trial. Using
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data from a previous study,21 a statistical power cal-
culation indicated that 10 subjects per group would
provide sufficient power (0.80) to obtain statistical
significance. To achieve maximum clinical signifi-
cance, 24 consecutive subjects (12 test and 12 con-
trol) requiring extraction of maxillary premolars
were selected from the patient pool of the School of
Dentistry, University of Michigan. Subjects were en-
rolled from January 1, 2005 to April 30, 2005. Subject
selection criteria included systemically healthy sub-
jects with one maxillary premolar tooth requiring ex-
traction and replacement by dental implant, residual
extraction sockets with <80% bone loss in all dimen-
sions, presence of both adjacent teeth in a state of
health,non-smokers,subjectswillingandable tocom-
ply with all study-related procedures, including main-
tenance of good oral hygiene and compliance with
reevaluation appointments, and subjects who read,
understood, and were willing to sign an informed con-
sent statement. Subjects with any of the following con-
ditionswereexcluded fromthestudy: inadequateband
(<2 mm) of keratinized gingiva (KG) and/or buccal
gingival recession >2 mm; presence of acute infec-
tions at the time of tooth extraction; clinically signifi-
cant or unstable systemic diseases affecting bone or
soft tissue growth or other renal, hepatic, cardiac, en-
docrine,hematologic, autoimmune,oracute infectious
diseases; history of head and neck radiation therapy;
subjects taking steroids, tetracycline or tetracycline
analogs, bone therapeutic levels of fluorides, bisphos-
phonates, medications affecting bone turnover, or any
investigational drug; or subjects who were or were
planning to become pregnant during the length of
the study. Recruited subjects were assigned randomly
to receive Putty P15‡ and a bioabsorbable collagen
wound dressing material§ (test group) or a bioabsorb-
able collagen wound dressing materiali only (control
group). Customized acrylic templates were created
with measuring slots to permit reproducible clinical
measurements of the alveolar ridge dimensions.

The primary outcome variables evaluated included
bone gain or loss in millimeters, percentage of bone
formation in the alveolar bone core biopsies, the per-
centage of residual Putty P15 in the bone cores, and
the need for additional bone grafting at the time of
implant placement. Secondary outcome variables
included soft tissue wound healing and the plaque
index (PI),22 the gingival index (GI),22 and clinical
bone density on reentry, assessed during osteotomy
preparation for implant placement.23

The following clinical measurements were made by
a calibrated masked examiner (RE) at the baseline and
reentry surgeries using standard University of North
Carolina (UNC) manual probes: KG width and thick-
ness; buccal plate thickness; distance from the occlu-
sal template to the facial, lingual, and crestal bone;

socket depth (or template to crest distance at the
4-month reentry surgery); and osseous dehiscence lo-
cation and dimension. KG thickness was measured by
probing through the gingiva at a point midway between
the free gingival margin (FGM) and the mucogingival
junction (MGJ). The width of KG was calculated as
the distance between the FGM and the MGJ at the
mid-facial aspectof the tooth tobe removedatbaseline
and from the gingival crest to the MGJ at reentry. Bone
topography was documented using the UNC probes
andocclusal templates.Facialplate thicknesswasmea-
sured with a Boley gauge caliper at the mesio-distal
midpoint of the socket 2 mm apical to the alveolar crest.
Using the adjacent cemento-enamel junction or crown
margins as reference points, osseous dehiscence de-
fects were measured vertically from the mesio-distal
midpoint of the socket to the apex of the defect and
horizontally at the widest portion of the dehiscence
using two perpendicular UNC probes. All measure-
ments were rounded to the nearest 0.5 mm.

Treatment randomization was achieved by having
an uninvolved third party randomly fill 24 envelopes
with a slip of paper indicating the treatment to be pro-
vided (12 test and 12 control). The envelopes were
sealed, numbered sequentially, and returned to the pri-
mary investigator. To help minimize technical vari-
ances in the surgical treatment protocol, the primary
investigator(RFN)performedthebaselineand4-month
reentry surgeries. Under local anesthesia, the selected
tooth was extracted with minimal trauma to the sur-
rounding tissues, followed by degranulation of the
socket and collection of all clinical measurements.
Then the surgeon selected each numbered envelope
in sequence and performed the treatment indicated.
Topreventmeasurement bias, theexaminer remained
masked to the treatment provided throughout the
study. In the test sites, Putty P15 was placed into each
extraction socket to the level of the osseous crest.
A bioabsorbable collagen wound dressing material¶

was cut to a height ;4 mm and placed to cover the re-
maining soft tissue height. The area was sutured with a
modified cross-mattress technique (Fig. 1). The con-
trol sites received the same treatment with the excep-
tion of Putty P15 placement. A clot was allowed to
form in the socket, and the collagen dressing material
was placed over it to ensure that test and control sites
would have a similar clinical appearance during post-
operative appointments, preserving the masking of
the examiner.

Soft tissue healing was assessed at 1, 2, 4, 8, and
16 weeks using a wound-healing index (WHI): 1 = un-
eventful wound healing with no gingival edema,

‡ PepGen P-15 Putty, DENTSPLY Friadent Ceramed, Lakewood, CO.
§ CollaPlug, Zimmer Dental, Carlsbad, CA.
i CollaPlug, Zimmer Dental.
¶ CollaPlug, Zimmer Dental.
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erythema, suppuration, discomfort, or Putty P15 expo-
sure; 2 = uneventful wound healing with slight gingival
edema, erythema, or discomfort, but minimal loss
of Putty P15 and no suppuration; and 3 = poor wound
healing with significant gingival edema, erythema, dis-
comfort, loss of Putty P15, or any suppuration. Reentry
surgeries were performed at 16 weeks, and all clinical
measurements were repeated (Fig. 2). Bone core biop-
sies ;2.7 · 10 mm in size were removed with a 3.2-mm
(outer diameter) trephine drill from the area corre-
sponding to thecenterof thepreviousextractionsocket
using the occlusal template as a guide. Bone density
also was recorded following final implant osteotomy

preparation using a 4.5-mm twist drill (Fig. 2). The
cores were placed in bottles of 10% neutral buffered
formalin forfixationand labeledwithafive-digitnumber
to permit masked histomorphometric analysis.

Photographs were taken of each bone core biopsy
prior to processing. The cores were dehydrated in a se-
ries of graded alcohols and then embedded in glycol
methacrylate. Each core was cut into 5-mm sections,
mounted on slides, and stained with hematoxylin and
eosin. All sections were analyzed for the percentage of
vital bone. Test sections also were analyzed for the
percentageof remaininggraftparticles.Anindependent
masked statistician performed the statistical analysis.

Figure 1.
A) Hopeless maxillary premolar. B) Site following atraumatic exodontias. C) Placement of Putty P15 in the socket. D) Collagen dressing material
was cut before placement. E) Cross-mattress suture. F) Postoperative healing at 30 days.

Figure 2.
A) Measurement of soft tissue height. B) Assessment of crestal ridge height. C) Identification of crestal bone width. D) Biopsy being harvested with
trephine bur. E) Obtained core biopsy. F) Implant placement.
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The independent sample t test and a two-tailed t test
with equal variance were used to determine statistical
significance to a level of P <0.05.

RESULTS

Demographics
Table 1 lists demographic information for the study
subjects. The mean age for test subjects was 48.00 –
14.89 years (range: 25 to 69 years of age), whereas
control subjects had a mean age of 49.92 – 14.20
years (range: 36 to 76 years of age).

PI and GI (Table 2)
Both groups began the study with comparable mean
PI values (Table 2). A significant increase in PI values
was observed at 7 and 14 days after surgery. At 60 and
120 days, both groups had values that were compara-
ble to baseline values. A significant increase in GI
values was observed at 7 days with a return to values
comparable to baseline at 14 days after surgery. At 30
days, both groups exhibited a marked decrease,
which continued to be observed at 60 and 120 days.
No statistically significant differences were observed
between the groups at any time point.

WHI
At 7 days post-surgery, mean values were 1.33 – 0.16
(test) and 1.41 – 0.16 (control). A statistically signif-
icant difference (P = 0.02) between the groups was ob-
served at 14 days; the mean value for the test and
control group was 1.00 – 0 and 1.25 – 0.12, respec-

tively. A plateau was reached in both groups at 60
days when the WHI values at all sites returned to nor-
mal (test: 1.00 – 0; control: 1.00 – 0).

Alveolar Ridge Width
A comparable mean alveolar ridge width was ob-
served between the groups at baseline. At 120 days,
comparable atrophy of the edentulous ridge was ob-
served. The test group showed a mean reduction in
ridge width of -1.31 – 0.96 mm, whereas the mean
value for the control group was -1.43 – 1.05 mm.
No statistically significant difference was observed
between the groups (Table 3).

Alveolar Ridge Height
A comparable mean alveolar ridge height was ob-
served between the groups at baseline. At 120 days,
a statistically significant difference was observed be-
tween the groups. The control group showed a mean
reduction in ridge height of -0.56 – 1.04 mm, whereas
alveolar ridge height appeared to remain unchanged
in the test group (0.15 – 1.76) (Table 3).

Bone Density
The alveolar bone density that was assessed during fi-
nal implant osteotomypreparationusingMisch’sbone
density scale23 exhibited a statistically significant dif-
ference between the groups (P = 0.03). Mean bone
density was significantly superior in the test group
(2.08 – 0.65) compared to the control group (3.33 –
0.65).

Need for Additional Grafting
During implant placement, 33% of the control sites
demonstrated the need for additional bone grafting
to allow for dental implants of adequate size in ideal
positions and angulations. ‘‘Need for grafting’’ was de-
fined as the presence of alveolar fenestration and/or
dehiscences prior to or following implant osteotomy
preparation. Conversely, no bone grafting was re-
quired in any site that had received Putty P15. The dif-
ference between the groups was statistically significant
(P = 0.04).

Residual Socket
Although complete bone fill, represented by the pres-
ence of a flat and continuous ridge surface, was ob-
served in all test sites 4 months following exodontia,
59% of the control sites had a residual socket. The dif-
ference between the groups was statistically signifi-
cant (P = 0.03).

Implant Primary Stability
Although all implants placed in test sites achieved pri-
mary stability (100%), one implant placed in a control
sitecouldnotbestabilizedbecauseofreducedboneden-
sity, and placement had to be postponed. This resulted
in primary stability in 91.77% of sites. A statistically sig-
nificant difference was found between the groups.

Table 1.

Demographic Data of Study Population

Test Group Control Group

Gender
Male (N) 7 6
Female (N) 8 9

Age (years; mean – SD) 48.00 – 14.89 49.92 – 14.20

Table 2.

PI and GI Values (mean – SD) in Test and
Control Groups

Test Group Control Group

Baseline 120 Days Baseline 120 Days

PI 0.97 – 0.32 0.50 – 0.18 0.84 – 0.30 0.45 – 0.22

GI 0.58 – 0.22 0.39 – 0.26 0.66 – 0.22 0.34 – 0.14
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Histomorphometry
Histomorphometric analyses revealed similar per-
centages of vital bone in the cores harvested during
implant placement (test: 29.92% – 8.46%; control:
36.54% – 7.73%), which was assessed by the pres-
ence of osteoblasts in the lacunae. The difference be-
tween the groups was not statistically significant.
Comparable percentages of bone marrow and fibrous
tissue also were observed (test: 65.25% – 6.41%; con-
trol: 62.67% – 7.41%). Again, no statistically signifi-
cant difference was found between the groups. Only
6.25% of the Putty P15 particles remained at 4 months
in the analyzed biopsies.

DISCUSSION

Bone healing and subsequent new bone formation af-
ter grafting take place via osteogenesis,24 osteoin-
duction,25 and/or osteoconduction.26 Osteogenic
graft materials supply the viable osteoblasts that form
new bone, whereas osteoinductive grafts stimulate
pluripotential mesenchymal cells to differentiate into
osteoblasts that can form new bone. However, osteo-
conductive graft materials merely act as a lattice for
cell growth, permitting osteoblasts from the wound
margins to infiltrate the defect and migrate across
the graft.27 Autologous grafts are considered to be
the ideal material for bone-grafting procedures.28

Transplantation of living cells increases the possibility
of retained cell viability and graft revascularization. In
addition, autologous grafts do not present a risk for
disease transmission.29 However, they do increase
the risk for additional pain, infection, and donor site
morbidity.27 Bone substitutes have gained increasing
acceptance as alternatives to autologous bone for pa-
tients requiring bone augmentation in an effort to
decrease the cost and morbidity associated with au-
tologous graft harvest.30 Allografts, xenografts, and
alloplasts come in many forms, and data support their
safety and clinical applicability31,32 and their low an-
tigenicity.33,34

Anorganic bone matrix (ABM), also known as hy-
droxyapatite, has become widely used as a bone
xenograft based on its reported osteoconductive ca-

pabilities. ABM permits rapid vascular and hard tissue
ingrowth, and it may help to stimulate osseous regen-
eration without the need to harvest autologous bone
from a second operative site. Alloplastic materials
are another available form of bone replacement. Allo-
plasts are derived synthetically and also have been
shown to possess osteoconductive properties.35 How-
ever, xenograftsandalloplasts lackosteoinductivity, a
positive characteristic of allograft materials.36 Osteo-
inductive activity is believed to occur as a result of
exposure of bone morphogenic proteins during the
allograft demineralization process,37 because demin-
eralized allografts are produced by acid extraction
of the mineral components of bone. This process
results in a graft material containing collagen, non-
collagenous bone matrix proteins, and growth factors,
but little residualbonemineral.37,38 In thisway,demin-
eralization exposes the bone-inductive proteins lo-
cated in the bone matrix and may activate them.39

To promote cell attachment to ABM particles, the
cell-binding peptide P-15 has been added to its sur-
face. P-15 is the cell-binding domain of collagen type
I, which accounts for a third of the body’s protein and
interacts with many types of cells. The synthetic P-15
cell-binding peptide added to ABM provides a biomi-
metic environment and has been shown to differentiate
a variety of fibroblasts (human dermal fibroblasts, gin-
gival fibroblasts, and periodontal ligament fibroblasts)
intobone-forming lineages,which promotes thenormal
physiologic processes leading to bone formation.40-44

Krauser et al.45 compared the results obtained with
ABM and ABM + P-15 for maxillary sinus augmen-
tation. Clinically, both grafted sinuses were similar
in terms of granular appearance and density during
osteotomy procedures. Each had a similar granular
appearance and yielded equally under pressure during
osteotomy procedures. However, histologic analyses
revealed that sites treated with ABM + P-15 had new
bone completely surrounding the graft particles,
whereas the particles in ABM-treated sites remained
encapsulated by a fibrous tissue. These findings sug-
gested that ABM + P-15 had greater compatibility with
the host bone tissue than ABM alone. This often leads
to faster and more predictable bone maturation.
Smiler46 compared ABM plus demineralized freeze-
dried bone allograft (DFDBA) to ABM + P-15 plus
DFDBA for augmentation of maxillary sinuses. Four
monthsafter surgery,bonecoreswereobtainedduring
osteotomies for placement of dental implants. Histo-
logic analyses showed that ABM + P-15 was highly su-
perior to ABM alone when either one was combined
with DFDBA for augmentation of maxillary sinuses.
The combination of ABM + P-15 plus DFDBA showed
45% vital bone at 4 months, whereas ABM + DFDBA
showed only 13%. This xenograft also was shown to
be safe for human use.47

Table 3.

Changes in Ridge Dimension From
Baseline to 120 Days

Test Group Control Group

Width (mm) -1.31 – 0.96 -1.43 – 1.05

Height (mm) +0.15 – 1.76* -0.56 – 1.04*

* Statistical significance between baseline and observed time points.
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Extraction sockets are considered a reliable model
for evaluation of bone healing.48 Under normal cir-
cumstances, undisturbed extraction sockets show ev-
idence of new bone formation within 30 days.49,50 To
promotea fair comparisonbetweengroups,specialat-
tention was given in this study to site selection during
subject recruitment. Only maxil-
lary premolars were included to
evaluateextractionsocketsof sim-
ilar size, bone quality, and anat-
omy, thus minimizing variables
and strengthening the results ob-
tained. Furthermore, trephine har-
vest location can be central to the
extraction socket. This is particu-
larly important because it allows
for more accurate biopsy as well
as placement of a dental implant
in the ideal position. Bifurcated
premolars did not seem to influ-
ence biopsy harvesting or analysis
as a result of the more apical posi-
tioning of the interradicular septum
in maxillary premolars.51 Because
the trephine was inserted only to
a depth of 8 mm, the apical portion
of the biopsy likely was coronal to
the septum.

Alveolar ridge atrophy is an un-
avoidable sequela of tooth loss,
and this phenomenon can interfere
with ideal implant placement.1 At-
tempts to minimize ridge atrophy
have been reported.19,20 Lekovic
et al.52 compared the outcome of
alveolar ridge preservation using
a bioabsorbable membrane to
extraction alone. At 6 months,
they foundsignificantly lesscrestal
bone loss (-0.38 versus -1.50
mm), more internal socket fill
(-5.81 versus -3.94 mm), and less
horizontal ridge resorption (-1.31
versus -4.56 mm) in the mem-
brane group than in the control.
As this study suggested, success-
ful alveolar ridge preservation pro-
cedures may reduce or eliminate
the need for future ridge augmen-
tation. Recent data published by
Nevins et al.53 emphasized the sig-
nificance of bone grafting fol-
lowing exodontia in preserving
buccalplate integrityand inconse-
quence, alveolar ridge dimensions
for ideal implant treatment. Data

from the present study suggested that application of
Putty P15 followingexodontia promoted better preser-
vation of alveolar ridge dimensions at 120 days. Our
results are in agreement with other reports17,18,54,55

using other types of grafting materials. However, the
standardized measurements used in this study to

Figure 3.
Buccal (A) and occlusal (B) views of incipient defect observed in control sites. C) Defect became
associated with the implant. D) Defect grafted with Putty P15.

Figure 4.
A) Vertically organized trabeculae seen in control sites. B) Thick, mature, and organized trabeculae
observed in sites treated with Putty P15. (Original magnification ·100.)
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record pre- and post-treatment ridge dimensions were
not able to fully represent the behavior of test and con-
trol sites in terms of alveolar ridge width during the
course of the study. Because the post-treatment mea-
surementaccounted for the widest portionof the ridge,
this measurement did not record areas of incipient
ridge atrophy for 33% of the control sites (Fig. 3).
These incipient defects required bone grafting at the
time of implant placement. No test sites presented this
type of ridge deficiency, emphasizing the importance
of alveolar ridge preservation. It also is important to
consider that these incipient defects were observed
only 4 months after tooth extraction.

Histomorphometric analyses of core biopsies re-
trieved from grafted and control sites at the time of im-
plant placement revealed interesting results. Similar
percentages of vital bone were found in both groups.
Because healing of extraction sockets happens from
the socket walls, it could be assumed that grafted sites
should have a smaller percentage of vital bone toward
the center of the core compared to non-grafted sites.
This assumption was not confirmed, probably be-
cause of the fast replacement of the graft particles
by new bone. This phenomenon, which is not seen
commonly in other types of defects, might be ex-
plained by the greater healing potential of extraction
sockets. The similar percentages of bone marrow
and fibrous tissue found between the groups could
be due to the reduced amount (mean: 6.25%) of resid-
ual Putty P15 particles observed. This significantly low
percentage of residual particles is consistent with a
previous study56 and could be attributed to the small
particle size of this xenograft as well as the lower
packing density related to the putty’s consistency.
However, a more detailed analysis of the pattern of
trabeculation revealed that control sites tended topres-
ent vertically oriented bone trabeculae, whereas test
sites tended to show more organized and better dis-
tributed bone trabeculae (Fig. 4). It can be hypothe-
sized that although control sites underwent the
natural healing process, during which osteogenesis
followed the usual pattern of migration from the
socket walls, the presence of Putty P15 in test sites
may have guided initial osteogenesis to achieve more
mature patterns of trabeculation sooner. Further-
more, less postoperative discomfort was reported at
14 days by subjects who were treated with Putty
P15, which might have been due to the enhanced
wound stability achieved with bone grafting.

Another example of the positive effects of alveolar
ridge preservation for implant dentistry was observed
in this study. Future studies including larger sample
sizes and other grafting protocols are encouraged to
further explore the effectsofextractionsocketaugmen-
tation using Putty P15 and/or other bone-grafting pro-
tocols in preserving alveolar ridge dimensions.
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