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Abstract The purpose of this study was to compare
histological effectiveness of platelet pellet (PP), which has
higher platelet content than platelet-rich plasma, and the
combination of PP/guided tissue regeneration (GTR) for
class II furcation defects in dogs. The mandibular second,
third, and fourth premolars of both sides in four dogs were
used. Class II furcation defects (5 mm in height and 2 mm
in depth) were surgically created. Five weeks after the first
operation, second premolars were treated with scaling
and root planing (group 1); right third and fourth premolars
received PP (group 2), and left premolars received the
combination of PP/GTR (group 3). Percentage of cementum
and alveolar bone formation were evaluated by histometric
analysis after a healing period of 12 weeks. There was new
cementum along with periodontal ligament and coronal
growth of alveolar bone in all groups. Cementum formation
was significantly higher in groups 2 and 3 compared to the
control group (P<0.05) with no significant difference
between groups 2 and 3. Limited alveolar bone formation
was statistically similar in all groups (P>0.05). It is
concluded that both PP and the combination of PP/GTR

are effective in the treatment of class II furcation defects in
dogs. PP thus appears to be a suitable alternative material in
the regenerative periodontal therapy.
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Introduction

Periodontitis, oral infectious disease, is characterized by
clinical attachment loss, alveolar bone resorption, periodontal
pocketing, and gingival inflammation [13]. The goals of
periodontal therapy are the elimination of the infection,
arrest the disease progression, and regeneration of the
periodontium [17, 37]. Although regeneration of periodon-
tium is the ultimate goal of periodontal therapy, complete
regeneration is not a predictable healing outcome following
traditional periodontal treatment [38]. In the literature,
several regenerative procedures including open flap debride-
ment with bone replacement grafts or in combination with
guided tissue regeneration (GTR) have been used [25, 38].

GTR, achieved using barrier membranes, is one of the
most widely used treatments which increase regeneration of
periodontal tissues [18]. The bioabsorbable barrier mem-
branes are thought to have an advantage over the
nonabsorbable membranes in that they do not require a
second surgical procedure. In order to enhance outcome of
periodontal therapy, the combination of one or more
techniques have currently been available for periodontal
regeneration [4].

In recent years, platelet-rich plasma (PRP) combined
with graft materials, has been used for the purpose of
periodontal regeneration [9, 16]. PRP is a volume of
autologous plasma that has a higher platelet concentration
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than baseline [28]. It is known that the increased number of
platelets deliver an increased number of polypeptide growth
factors that regulate cell proliferation, chemotaxis, and
differentiation to the surgical area within PRP [29].
Platelets contain these growth factors in their alpha granules
[2]. Concentration of platelets increases by up to 338% due
to the application of PRP in surgical sites [28]. Platelet
pellet (PP) which has higher platelet content than PRP was
used in the present study. In addition to PP’s higher platelet
and lower white blood cell content, it is also more adhesive
than PRP due to its gel consistency [24].

Findings in the clinical studies have reported that
treatments with a combination of PRP/bone graft material/
GTR and a combination of PRP/bone graft materials
improve clinical parameters in intrabony periodontal
defects [4, 5, 16]. Additionally, significant pocket depth
reduction, gain in clinical attachment, and alveolar bone
level have been shown following both the combination of
PP/GTR and synthetic bone grafting material/GTR treat-
ments in our previous clinical study [24]. However, recent
controlled clinical trials have suggested that PRP failed to
improve the results obtained with the combinations of bone
graft materials/bioresorbable and nonresorbable GTR mem-
branes [7, 8, 10, 11]. When interpreting the results obtained
in these clinical studies, it has to be pointed out that the
findings might have been influenced by the defect
characteristics and center and/or operator effect which
may depend on differences in the enrolled patients,
technical ability, clinical organization, and experience of
the clinicians or a combination of these factors [34].

To date, there is a clinical study investigating the
individual role of autologous platelet concentrate, or GTR
membrane in the treatment of intrabony defects has
suggested that platelet concentrate and GTR treatments
led to similar improvement in clinical and radiographic
parameters [31]. In fact, histological analysis of regenera-
tive periodontal therapy is required to determine if
regeneration has occurred as positive clinical results are
not necessarily representatives of true regeneration [3]. The
use of PP for periodontal regeneration offers an interesting
and clinically useful modality to the clinician in treating
periodontal defects as PP is autologous and cheaper than
bone graft materials. The present study was undertaken to
test the hypothesis that using PP alone or with GTR
membrane is an effective regenerative treatment modality in
the treatment of class II furcation defects in dogs. No data
are available in comparing PP alone and to the combination
of PP/GTR for the periodontal treatment. Therefore, the
purpose of this study was to compare the histomorpho-
metrical effectiveness of PP and the combination of PP/
GTR with bioabsorbable barrier treatments for class II
furcation defects in dogs.

Materials and methods

The research protocol was approved by the Ethical
Committee for Animal Research of the University with
the assignment protocol CAM 02/58.

Animals

Four young adult mongrel dogs, weighing about 10 kg,
with intact maxillary and mandibular teeth showing good
systemic and periodontal health were selected for the study.
The animals received complete oral prophylaxis, antiparasitic
treatment, multivitamins, and complete vaccines. All dogs
were fed a water-softened dog food to prevent traumas of
mastication to the surgical areas.

Preparation of class II furcation defects

The animals were not fed the night before surgery. All
surgical procedures were performed under general anesthesia
with xylazine (Rompun, Bayer, Istanbul, Turkey)–ketamine
HCl (Pfizer, Istanbul, Turkey; 5 mg/kg, intramuscularly) and
local infiltrated anesthesia with 2% lidocaine hydrochloride
and 1/80,000 andrenaline (Jetokain ampule, Adeka Pharma-
ceutical Company, Samsun, Turkey). The mandibular second,
third, and fourth premolars (P2, P3, and P4) of both sides in
each dog were selected for experimentation. Under aseptic
conditions, following sulcular incisions, mucoperiosteal flaps
were elevated from the distal of the canine to the mesial of the
mandibular first molars. With a round bur, class II furcation
lesions, 5 mm in the apicoocclusal direction and 2 mm in the
buccolingual direction, were surgically created on the buccal
surface of these premolars. The roots were scaled to remove
all periodontal ligament fibers. The bilateral defects were
filled with a rubber base impression material (Zetaplus putty,
Zhermack, Italy) to induce an inflammatory response and
prevent spontaneous repair. The flaps were repositioned, and
the wounds were closed with bioresorbable sutures.

The impression material remained in place for 3 weeks.
After this period, the impression material was removed with
curets, and scaling and root planing were performed on the
teeth. Plaque control by daily topical application of 0.2%
chlorhexidine and mechanical tooth cleaning was main-
tained during 2 weeks.

PP preparation

The day of periodontal surgery, 100 ml blood was drawn
from the arteria femoralis on the hind leg and placed in the
top and bottom with four bags that contained 15 ml citrate
solution. Citrated blood was centrifuged in a standard
laboratory centrifuge (ALC PK 130, Cologno Monzese,
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Italy) for 15 min at 1,250 revolutions per minute (rpm) to
obtain PRP without erythrocyte and leukocyte. A second
centrifugation was performed for 10 min at 4,000 rpm. The
PP concentrated at the bottom was taken, whereas the
platelet-poor plasma was removed [24]. Platelet counts in
the PP were done with an automatic hematology analyzer
(Mindray BC 3000 Plus, Shenzhen, China).

Treatment of defects

Five weeks after the first operation, mucoperiosteal flaps
were raised to expose the inflamed furcations, granulation
tissues were removed, and the root surfaces were scaled and
planed (Figs. 1a and 2a). A reference notch was made on
the mesial and distal root surfaces at the bone crest level
with a small 0.5 round bur as a guideline for histomorpho-
metric analysis (Figs. 1b and 2b). The surgical sites were
rinsed with sterile saline.

The P2s on both sides of the mandible were used as
controls [group 1] and received scaling and root planing.
The furcation defects of P3 and P4 on the right side were
filled by PP [group 2] (Fig. 1c). At the time of application,
PP was coagulated by adding 10% calcium chloride at 1:10
ratio (v/v) [24]. Atrisorb (Atrix Laboratories, Fort Collins,
CO, USA), an absorbable membrane made of polylactic
acid, was prepared according to the manufacturer’s instruc-
tions and placed over the PP-filled furcation defects of P3
and P4 on the left side (group 3; Fig. 2c, d).

The flaps were repositioned and secured by 4-0
interrupted silk sutures. The sutures were removed after 1
week. Chemical plaque control was performed once a day
by topical application of 0.2% chlorhexidine at the end of
the experimental period.

After a healing period of 12 weeks, the animals were
euthanized by excess anesthesia.

Histomorphometric analysis

The mandibles were dissected, fixed in 10% formalin, and
decalcified in 5% nitric acid. After decalcification, blocks
containing the individual teeth were immersed in paraffin.
Semiserial sections (6 µm) were cut in the mesial–distal
plane throughout the buccal–lingual extension of the teeth
and stained with hematoxylin and eosin (H&E). Three
sections which are representative of the central area of the
furcation of each tooth were observed. The histomorpho-
metric analysis was performed using a light microscope
(Zeiss Axiophot Microscope, Carl Zeiss, Thornwood, NY,
USA). Images were digitized with a camera (Insight
Firewire 2 MegaSample Colour Mosaic Camera, Spot;
SciTech, Preston, Victoria, Australia) and analyzed with the
IPS 32 Software (Samba Technologies, Grenoble, France)
by an examiner with no prior knowledge of the experimental
design. Analysis of new cementum and new bone formation
were carried out. The percentage of new cementum was
evaluated at the dentin surface facing the defect, determined

Fig. 1 a Clinical aspects of
class II furcation defects 5
weeks after creation in group 2.
b The reference notches made
on the root surfaces in group 2.
c Class II furcation defects trea-
ted with PP
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by the apical limits of the mesial and distal notches. The
mineralized matrix deposited on the root dentin was
considered to be new cementum [33]. The percentage of
new bone from the furcation roof to the bone crest was used
to evaluate new bone formation [33].

Statistical analysis

Statistical analysis was performed using a commercially
available software program (SPSS 12.0, SPSS., Chicago,
IL, USA). The values for each parameter analyzed
represented the arithmetic mean of the three measurements
obtained from each of the three histologic sections. The
Shapiro Wilk test was used to investigate whether or not the
data were normally distributed. Statistical comparisons
between the treatment modalities were made with Friedman
nonparametric test. Comparison among groups was carried
out with Wilcoxon test (P<0.05, N: 8).

Results

Clinical observations

Eight class II furcation defects were created and surgically
treated in each study group. The surgical procedures were
well tolerated by all animals, and there were no postoper-
ative complications. No severe inflammation or swelling
and dehiscence of the flaps were observed in any of the
sites examined throughout the experimental period. There

was no significant gingival recession in three groups. The
periodontal tissues were clinically healthy on the day of
sacrifice.

Histomorphometric assessment

There was new cementum along with periodontal ligament and
limited coronal growth of alveolar bone in all groups. These
new tissues were observed in the areas above the reference
notches. None of the specimens showed root resorption and
ankylosis between new bone and the root surfaces.

The newly formed bone was mainly woven bone. The
new cementum, deposited over dentin, was of variable
thickness, composed of cells with intrinsic and extrinsic
collagen fibers distributed randomly on the root surface.
The new connective tissue between new bone and the root
surface was of cellular and composed of collagen fiber
bundles (Fig. 3a–c).

Although the morphologic characteristics of the newly
formed tissues were similar in all groups, statistically
significant differences were found between test groups
(groups 2 and 3) and control group (group 1) in terms of the
percentage of the values in cementum analyzed (Table 1).
Cementum formation was significantly higher in groups 2
and 3 compared to control group (P<0.05) with no
significant difference between groups 2 and 3. Limited
alveolar bone formation was statistically similar in all
groups (P>0.05).

The mean ± SEM of platelets in 1 µl PP was 62,706×
103±5,028×103.

Fig. 2 a Clinical aspects of
class II furcation defects
5 weeks after creation in group
3. b The reference notches made
on the root surfaces in group 3.
c, d Class II furcation defects
treated with PP and GTR
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Discussion

As far as we know, this is the first report comparing the
healing activity after surgical therapies with PP, combination
of PP/GTR, and flap surgery in class II furcation defects. The
results of the present study indicate that the healing success
in cementum formation was significantly higher after
surgical therapies with both PP and PP/GTR compared to
the controls with regard to the histomorphometric values. No
significant difference in this parameter was found between
PP and PP/GTR treatments. Limited alveolar bone formation
was higher in PP and PP/GTR treatments; however, this was
not statistically significant compared to that of the control
group. The weakness of the present study is not including
GTR treatment group as we tested the hypothesis of using PP
alone or with GTR membrane that is an effective treatment
modality in the treatment of class II furcation defects in dogs.

Significant differences might have been found between the
groups if GTR treatment group was included in the study as
GTR treatment has resulted in very good results in class II
furcation defects in dogs [3, 6].

Histologic analysis is necessary to evaluate the effec-
tiveness of the regenerative techniques. The most widely
used animal models are dogs and nonhuman primates in the
periodontology literature [3]. Class II furcation defect is
one of the main indications for the regenerative procedures
[19]. A chronic class II furcation defect was chosen due to
the possibility of spontaneous regeneration that reduces the
sensitivity of the interpretation of regenerative techniques
in acute defects [36]. However, acute class II furcation
defects have been used in some experimental dog studies
[6, 36]. Healing of class II furcation defects in dogs was
analyzed histomorphometrically on a mesial–distal plane.
Similar to our study, the mesial–distal section plane is the

Table 1 The percentage of new cementum and alveolar bone

Group 1 Group 2 Group 3
(Control) (PP) (PP/GTR)

New cementum (%) 34.60 (13.57–100) 97.27 (46.95–100)a,b 94.14 (43.55–100)a,b

45.60±11.92 83.99±7.70 81.63±8.17
New bone (%) 47.84 (14.24–65.44)c 51.70 (44.36–98.76)c 49.07 (45.60–97.75)c

42.44±6.07 62.64±7.89 61.06±7.90

n=8 Class II furcation defects in each groups. Friedman and Wilcoxon tests. Data are expressed as the median (minimum-maximum) and as the
mean ± SEM
PP platelet pellet, GTR Guided tissue regeneration
a Significantly different from the values of group 1 (P<0.05)
b No significant difference was found between the groups (P>0.05)
c No significant difference was found between the groups (P>0.05)

Fig. 3 Histologic overview of
class II furcation defects in the
mesio–distal plane at 12 weeks
after surgical treatments of groups
1, 2, and 3 (H&E). N the base of
the defects is marked by notch,
NC new cementum, NB new
alveolar bone, NCT new connec-
tive tissue. a Group 1, ×25 b
Group 2, ×25 c Group 3, ×25
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one most commonly reported for histologic analysis in the
literature [27, 33].

In GTR, the placement of a barrier membrane preserves
a space for coronal migration of periodontal ligament cells
and endosteal cells from the defect base which is essential
for coronal bone growth [30, 33]. Experimental studies on
regenerative therapy appear to favor the notion that
regenerative potential of GTR promotes periodontal regen-
eration [3, 27]. Polylactic acid barrier was selected as the
GTR membrane because the data have demonstrated that
this type of barrier is successful in regenerative periodontal
therapy [3, 26] and shows effective clinical results like
nonabsorbable barriers [15].

In most reported studies related to the field of dental
surgery, PRP has been used in combination with autoge-
neous bone graft, allograft, bovine-derived xenograft, and
porous hydroxyapatite graft [4, 5, 14, 16, 28]. To date, there
is only one case series study using autologous platelet
concentrate alone in the treatment of intrabony defects that
has suggested that autologous platelet concentrate achieves
a similar probing depth reduction, clinical attachment level
gain, and radiographic bone fill to GTR using bioabsorb-
able barrier membrane over a 52-week period [31]. This is
the report on the usage of PP alone in class II furcation
defects for regeneration. Platelets have been considered to
be important in tissue regeneration, so PP with higher
platelet content [24] was used in the present study. Platelet
counts in this study was approximately similar that our
previous clinical study reports clinical and radiological
success of PP + bioresorbable GTR membrane combination
[24]. To the authors’ knowledge, variability of platelet
counts, 2,163×103 platelets/µl in autologous platelet con-
centrate and 3,990×103 platelets/µl in concentrated PRP,
has been reported in the literature [7, 12]. Platelet counts in
the PP were found to be approximately 15- to 30-fold
increased compared to the autologous platelet concentrate
and concentrated PRP values.

The animals were sacrificed 3 months after periodontal
surgery in this study. The observation period of experimental
studies in animals has varied from a couple of weeks up to 3
or 6 months [35]. It has been reported that regenerated
tissues are in the process of formation and/or remodeling
after 3 months of wound healing [27]. This is consistent
with the report that at 4 weeks, dense connective tissue; at
8 weeks, woven bone; and at 20 weeks, lamellar bone has
filled the class III furcation defects in dogs after GTR [1].
Newly formed bone with limited amounts in this study
showed characteristics of immature bone. Histomorpho-
metric analysis of new cementum formation demonstrated a
high percentage of new cementum in group 2 (83.99%) and
group 3 (81.63%), and there was no significant difference
among groups. Group 1 had the lowest values (45.60%). It
is important to consider that the major goals of regenerative

periodontal therapy are the new cementum formation and
restoration of soft tissue attachment to the cementum [20,
21], since epithelial cells may not be able to migrate on the
root surface which is covered by new cementum with
extrinsic fibers [21].

From a clinician’s perspective, it is notable that PP has a
sticky consistency and adheres to the root surface, and so
may impede the apical migration of epithelial and connec-
tive tissue cells from the flap as a membrane barrier [11].
This might probably be related to the higher new cementum
formation in PP and PP/GTR treatments compared to the
control group and also related to the lack of benefit
provided by GTR to PRP. It may be hypothesized that
limited and similar alveolar bone formation in the treatment
groups is the result of the other physical and chemical
properties of PP.

To the best of our knowledge, the clinical studies in a
general sense have been reported in relation to the blood
products in periodontal regenerative therapy. Findings from
these controlled clinical trials using combination of PRP
with bone graft materials have conflicting results [8–11,
16]. Results of some clinical studies have shown that PRP
has failed to add clinical benefit to bone graft materials
alone [9, 16] or in combination of bone graft materials with
GTR [8, 10, 11]. PRP preparation has been suggested to
have a limited potential to promote local bone formation
histologically in the rat calvaria defects in an experimental
study [32]. As has been reported [14], PRP may also be
effective in small (periodontal) and larger bone defects if
the defects are treated with both autologous graft and PRP.
The authors have also considered that PRP needs vital bone
cells for stimulation [14]. However, an in vitro study [22]
has suggested that PRP has the ability to increase
periodontal ligament cell numbers and simultaneously
upregulate extracellular matrix production. PRP has also
been suggested to stimulate cell proliferation and increase
alkaline phosphatase activity in periodontal ligament cells
in a recent study [23]. In light of this information, it is
relevant to assume that PRP may promote periodontal
wound healing with these functions.

It is important to note that blood products may affect the
wound healing due to release of polypeptide growth factors
from platelets and also their other properties [5]. PP works
as a hemostatic and stabilizing agent, and may aid blood
clot formation because of its high fibrin content [9]. The
blood clot formation and immobilization has been reported
to be the essential events for successful regenerative
procedures [5, 33] as replacement of the blood clot
eventually leads to the new periodontal tissue formation
[27]. In the present study, histologic aspects of the healing
process were closely similar in the both PP and PP/GTR
treatment modalities. This finding might probably be
related to the reported properties of blood products.
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Based on the results of the present study, it has been
concluded that both PP and the combination of PP/GTR are
effective in the treatment of class II furcation defects in
dogs. Within the limitations of the period and number of
experimental animals, the data have also suggested that
GTR adds no histomorphometric benefit to PP. PP is
developed from autologous blood, completely safe, and it
eliminates concerns about disease transmission and immu-
nogeneic reactions associated with allogeneic or xenogeneic
preparations [29]. It has been considered an economical
source of growth factors by most clinical dentists. PP thus
appears to be a suitable alternative material in the
regenerative periodontal therapy.
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