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Evaluation of the efficacy of
concentrated growth factor along

with bovine-derived xenograft and
collagen membrane in the treatment of
Degree II mandibular molar furcation
defect — A clinicoradiographic study

Elizabeth Huidrom, Vivek Srivastava, Ajita Meenawat, Amitabh Srivastava,
Yasir Shahab Khan, Raheel Shahni

Abstract:

Background: The ultimate goal of furcation defect therapy is furcation closure via periodontal regeneration.
However, the process of periodontal regeneration is affected by the regenerative environment of signaling
molecules and growth factors due to which consistent findings of complete furcation closure could not be attained.
In this study, we have evaluated the use of concentrated growth factor (CGF) which provides sustained release
growth factors in conjunction with bovine-derived xenograft anorganic bovine bone (ABB) in guided tissue
regeneration (GTR) of Degree Il mandibular molar furcation defect. Materials and Methods: Twenty patients with
Degree Il mandibular molar furcation defects were selected for the study. Each group consisted of 10 patients
and a total of 10 sites were treated in each group. The control sites were treated with GTR and ABB, while the
experimental sites received CGF mixed with ABB along with GTR. Clinical parameters recorded were Plaque
Index, Gingival Index, vertical probing depth, and horizontal probing depth measured at baseline and 6 months.
Radiographic parameters such as the vertical height of defect, horizontal depth of defect, and percentage of vertical
and horizontal bone fill were recorded at baseline and 6 months. Results: All the parameters recorded showed
a significant reduction from baseline to 6 months in both the groups. Significantly higher vertical and horizontal
bone fill was observed in the experimental group as compared to the control group. Conclusion: The use of
CGF showed a positive additive efficacy in enhancing the events of periodontal regeneration in the treatment of
Degree Il mandibular molar furcation defect.
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outcomes from short-term studies have shown
that furcation closure of Degree II furcation
defects could be attained but failed to observe a

INTRODUCTION

he progression of periodontal disease into
the furcal region of the multirooted teeth
represents a clinical challenge with a higher
prevalence of tooth loss compared to teeth
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that did not exhibit furcation defects.'? The
intricate anatomy and complex morphology of
the furcation area complicate the detection and
diagnosis of the lesion, access for conventional
instrumentation, debridement, and home care
maintenance, thereby limiting the prognosis of
the furcation-involved tooth.5!

Various treatment modalities have been
proposed to improve the prognosis of
furcation-involved teeth out of which guided
tissue regeneration (GTR) along with bone
graft proves to give better results with furcation
closure and higher survival rates.l*®! However,
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consistent finding.”"" The ultimate goal of complete closure of
furcation defect is still affected by the regenerative environment
provided by signaling molecules and growth factors that
govern the events of periodontal regeneration.?!

Various generations of bioactive autologous platelet concentrates,
platelet-rich plasma (PRP),"¥ and platelet-rich fibrin (PRF)"* have
been widely used as an adjunct to surgical regenerative therapy
and its clinical utility is appreciated due to high concentrations
of signaling growth factors.'>'*! Pradeep et al.,'”! Sharma and
Pradeep,!'® and Lafzi et al.'' have demonstrated the beneficial use
of PRP, PRF as a regenerative material in the treatment of Degree
II furcation defects. Since the introduction of third-generation
autologous platelet concentrate, known as a concentrated
growth factor (CGF) by Sacco in 2006, regenerative properties
of CGF have gained popularity in the treatment of intrabony
defects, maxillary sinus lift, and osseointegration.**! However,
evidence-based studies on the efficacy of CGF for the regeneration
therapy of furcation defects are relatively scarce.

With the boon of regenerative properties of CGF, the present
study has been undertaken to evaluate and compare the
bone fill and additive efficacy of CGF for treating Degree II
mandibular molar furcation defect.

MATERIALS AND METHODS

The study design was a single-blinded, randomized controlled
clinical trial to compare the clinical and radiographic outcomes
at baseline and 6 months after the intervention. Ethical
clearance for the study was obtained from the Institutional
Ethics Committee. An informed written consent letter was
signed by all the patients.

Inclusion criteria were cooperative, systemically healthy
subjects aged between 30 and 55 years suffering from moderate
periodontitis with probing pocket depth =5 mm and Degree I
mandibular molar furcation defects after Phase I therapy with
the presence of at least 2 mm of keratinized gingiva. Exclusion
criteria were any root caries, internal or external root resorption,
acute or chronic systemic disorders, hematologic disorders,
current smokers and tobacco users, and pregnant and lactating
female patients. Noncooperative patients with unacceptable
oral hygiene and patients with postoperative exposure of
membrane and graft were withdrawn from the study.

A total of 20 patients suffering from chronic periodontitis with
periodontal pocket depth =5 mm and exhibiting Degree II
furcation defects in mandibular molars were selected from the
outpatient department of periodontology. The subjects were
randomly divided into two groups. Each group consisted of
ten patients with ten sites that were randomly allocated as
the control group and the experimental group. The positive
control sites were treated with GTR and anorganic bovine
bone (ABB) (Bio-Oss®, Geistlich Switzerland), while the
experimental sites received CGF mixed with ABB along with
GTR. All the sites were treated with an ABB of particle size
0.25-1 mm and collagen membrane (Periocol®-GTR).

The following clinical and radiographic parameters were
recorded at baseline and 6 months postoperatively for all the
sites:

1. Plaque Index (PI) by Silness and Loe*

2. Gingival Index (GI) by Loe and Silness®!

3. Vertical probing depth (VPD) and horizontal probing
depth (HPD) were measured through furcal bone sounding
according to the technique used by Mealey et al. 1994.2]

Radiographic parameters were recorded through cone-beam
computed tomography CBCT with furcation entrance as an
anatomical landmark for measurements.! The scans were
acquired at 120 kVp, 5 mA, 4 s, and 640/640 rows/column
with a pixel spacing of (0.25/0.25). The scans were measured
at 1 mm slicing thickness.

1. Thevertical height of the furcation defect (VHF= the vertical
height of the defect) was measured on a sagittal view from
fornix to the crest of alveolar bone within the furcation
where the slice showed the greatest amount of bone loss

2. Thehorizontal depth of the defect (HDF) was measured on
an axial view by the distance drawn from the tangent to the
deepest point where the slice showed the greatest amount
of bone loss. The schematic diagram illustrates the CBCT
measurement of HPD on an axial view [Figure 1]

3. Percentage vertical bone fill (%VBF)

VHEF (baseline) - VHF (6 months)
VHF (baseline)

4. Percentage horizontal bone fill (%HBF)

HDEF (baseline) - HDF (6 months)
HDEF (baseline)

x 100

x 100

CGF was prepared using the standard protocol developed
by Sacco in 2006 in which 5 ml blood was drawn from the
patient’s veins of antecubital fossa in a noncoated sterile
vacutainer and centrifuged at 2700 rpm for 2 min, 2400 rpm
for 4 min, 2700 rpm for 4 min, and then 3000 rpm for last 3 min
in centrifugation machine (REMI™ centrifugation machine).”’!
Three layers were obtained which consist of the upper layer,
liquid phase platelet-poor plasma, the lower layer, free red

BUCCAL

LINGUAL
Figure 1: The schematic diagram illustrates the cone-beam computed tomography
measurement of horizontal probing depth on an axial view. On an axial view, an
imaginary tangent line was drawn between the mesial root (M) and distal root (D)
connecting the buccal or lingual surfaces of the two roots of mandibular molars,
respectively. Horizontal depth of the defect is measured as the line drawn from the
tangent to the deepest point where the slice showed the greatest amount of bone
loss. Red and green arrows depict the furcation bone loss at buccal and lingual

surface of the mandibular molar
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blood cells, and the middle layer, the solid CGF consisting of
three parts [Figure 2a-c]:

a. The upper white part

b. The bottom red part

c. Middle “buffy coat” (BC).®!

The fibrin BC was cut into pieces of approximately 1-2 mm
into glass dappen dish and mixed with ABB in the ratio of 1:1.

The patients were subjected to surgery after thorough scaling
and root planing and occlusal adjustment was done, if
necessary, to relieve occlusal traumatism. Sulcular incisions
were made and mucoperiosteal envelop flaps were reflected
under local anesthesia 2% lignocaine with 1:80,000 adrenaline.
Meticulous defect debridement and root planing were
carried out with the help of curettes. The direct examination
after debridement confirmed the presence of a Degree II
furcation defect. In Group A, the defects were filled with
ABB followed by placement of collagen membrane over the
defect [Figure 3a-c]. On the other hand, in Group B sites, the
defects were tightly packed with the ABB/CGF mixture and
collagen membrane was placed over the defect to ensure the
stability of the graft [Figure 4a-c]. The flap was approximated
with 3-0 mersilk suture and the periodontal dressing was given
in both the groups.

Postoperative instructions were given to all the patients and
appropriate medications were prescribed (antibiotic — capsule
amoxicillin 500 mg TDS; analgesic and anti-inflammatory
drug — tablet diclofenac sodium 50 mg TDS and multivitamin
capsule once daily for 5 days) along with 10 m10.2% chlorhexidine
gluconate mouthwash twice daily for 2 weeks. Seven days after
the surgery, dressings and sutures were removed.

All patients were recalled at 1, 3, and 6 months for evaluation and
maintenance. The clinical and radiographic parameters were
measured using the same probing techniques, standardized
exposures, and slice thickness at 6 months.

RESULTS

Analyses were performed and data were summarized as
mean + standard error. pre and post values were compared

Figure 2: Blood sample after concentrated growth factor protocol of
centrifugation. (a) Three layers are obtained: platelet-poor plasma, upper layer;
concentrated growth factor, middle layer; red blood cell, lower layer; (b) The
prepared concentrated growth factor consists of three parts: The upper white part,
the red part, and the middle buffy coat part; (c) Buffy coat of concentrated growth
factor was cut into pieces and mixed with anorganic bovine bone graft in a 1:1 ratio

by paired t-test and the changes in outcome measures of two
independent groups were compared by independent Student’s
t-test. A two-tailed (o0 =2) P < 0.05 was considered statistically
significant.

Table 1 shows the details of the comparison of clinical
parameters from baseline to 6 months post surgery. The pre- to
postmean PI and GI have shown a significant decrease in both
groups (P < 0.001).

The mean reduction of VPD from baseline to 6 months
in Group A (3.35 + 0.13) and Group B (4.35 + 0.26) was
statistically significant in both the groups (P < 0.001). Similarly,
the mean reduction HPD from baseline to 6 months in
Group A (4.30 +0.29) and Group B (4.90 + 0.34) was statistically
significant (P < 0.001).

Table 2 shows the comparison of mean difference (pre—post
change) of clinical parameters at baseline and 6 months
post surgery. The comparison of the net change in mean
PI (P =0.540) and GI (P = 0.701) in both groups has reported a
similar decrease and is statistically insignificant.

The comparison of the net mean reduction in VPD has shown
a statistically significant higher decrease (23.0%) in Group B to
Group A (P =0.003). However, the net mean reduction in HPD
of the two groups has shown a similar decrease and statistically
insignificant (P = 0.196) though it was 12.2% higher in Group B
as compared to Group A.

Table 3 shows the details of the comparison of radiographic
parameters from baseline to 6 months post surgery.
A statistically significant reduction in the mean VHF and
mean HDF from baseline to 6 months has been shown in both
groups (P < 0.001).

However, the comparison of pre- to postmean
differences has shown a statistically significant higher
reduction in mean VHF of Group B (3.78 + 0.11) than
Group A (3.53 = 0.15) (P < 0.001) [Figures 5 and 6].

Figure 3: Treatment of Degree Il furcation defect in mandibular molar in
Group A (guided tissue regeneration + anorganic bovine bone). (a) Degree Il
furcation defect in mandibular molar; (b) Defect was filled with anorganic bovine
bone of particle size 0.25-1 mm; (c) placement of guided tissue regeneration
membrane over the defect
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Table 1: Comparison of clinical parameters at baseline and 6 months post surgery (mean=standard error) (n=10)

Group A (GTR + ABB)

Group B (CGF + GTR + ABB) P (baseline- 6 months)s

PI
Baseline 2.70+0.10
6 months post-surgery 0.60+0.08
Gl
Baseline 2.13+0.12
6 months post-surgery 0.40+0.10
VPD
Baseline 5.65+0.15
6 months post-surgery 2.30+0.13
HPD 7.00+0.25
Baseline
6 months post-surgery 2.70+0.20

2.48+0.14 <0.001*
0.48+0.10
1.95+0.12 <0.001*
0.14+0.07
5.85+0.28 <0.001*
1.50+0.17
7.05+0.30

<0.001*
2.15+0.11

SPaired t-test; tSignificant difference (P<0.05). GTR + ABB — Guided tissue regeneration with anorganic bovine bone mineral; CGF + GTR + ABB — Guided
tissue regeneration with anorganic bovine bone mineral mixed with concentrated growth factor; n— Sample size; P — Calculated probability; Pl — Plaque Index;

Gl — Gingival Index; VPD — Vertical probing depth; HPD — Horizontal probing depth

Table 2: Comparison of mean difference (pre-post-change) of clinical parameters at baseline and 6 months post

surgery (n=10)

Group A Group B (CGF P value of comparison of mean
(GTR + ABB) + GTR + ABB) difference (pre-postchange)*
I:’II\/Iean difference (pre-postchange) 2.10+0.14 2.00+0.09 0.540
GlII\/Iean difference (pre-postchange) 1.73+0.17 1.81+0.12 0.701
VT\)A[;an difference (pre-postchange) 3.35+0.13 4.35+0.26 0.003%
Hlli/ll:e):an difference (pre-post) 4.30+0.29 4.90+0.34 0.196

*(P<0.05) Students’s t-test; $Significant difference. n — Sample size; P — Calculated probability; GTR + ABB — Guided tissue regeneration with anorganic bovine
bone mineral; CGF + GTR + ABB — Guided tissue regeneration with anorganic bovine bone mineral mixed with Concentrated growth factor; Pl — Plaque Index;

Gl — Gingival Index; VPD — Vertical probing depth; HPD — Horizontal probing depth

Table 3: Comparison of radiographic parameters at baseline and 6 months post surgery (meanzstandard error) and

pre- to postmean differences (n=10)

Group A (GTR + ABB) Group B (CGF + GTR + ABB) P (baseline- 6 months)$

VHF

Baseline 4.14+0.26 3.82+0.14 <0.001%

6 months post surgery 0.61+0.11 0.04+0.03

Mean difference (pre-post) 3.53+0.15 3.78+0.11
HDF <0.001%

Baseline 4.93+0.19 4.79+0.19

6 months post surgery 0.53+0.11 0.05+0.05

Mean difference (pre-post) 4.40+0.08 4.74+0.14

§(P<0.05) Paired t-test; 1Significant difference. n — Sample size; P — Calculated probability; GTR + ABB — Guided tissue regeneration with anorganic bovine bone
mineral; CGF + GTR + ABB — Guided tissue regeneration with anorganic bovine bone mineral mixed with concentrated growth factor; VHF — Vertical height of the

defect; HDF — Horizontal depth of the defect

Similarly, a significantly higher decrease in HDF was
observed in Group B (4.74 = 0.14) as compared to
Group A (4.40 = 0.08) (P < 0.001) [Figures 7a, b and 8a, b].

Table 4 shows the comparison in %VBF and %HBF of
the two groups. Student’s t-test has shown statistically
significant higher (14.2%) VBF of Group B (99.0%) to
Group A (85.2%) (P < 0.001) and (9.3%) HBF of Group B (98.0%)
as compared to Group A (89.2%) (P < 0.001).

DISCUSSION
Regenerative approaches in Degree II furcation defect aimed

at clinical furcation closure, complete bone fill which can
be assessed by periodontal probing, radiographic analysis,

and bone sounding.”® The results of the present study
demonstrated that the combination regenerative therapy with
or without CGF was found to be effective in treating Degree II
mandibular molar furcation defects with a significant reduction
in PI, GI, VPD, HPD, and radiographic bone fill (%VBF and
%HBEF) from baseline to 6 months. Kinaia ef al.,” Pajnigara
et al.,” and Jepsen et al.Pl have reported that the treatment of
Degree II furcation defects with a combination of bone grafts
and resorbable membrane resulted in improvements in all the
clinical parameters. Similar reductions in VPD and HPD were
observed in the study, may have been attributed to collagen
membrane application which enhances the augmentation of
the particulate ABB graft.’>®! However, a higher reduction
of VPD (23.0%) was observed in (CGF + GTR + ABB) group
as compared to (GTR + ABB) group which were significantly
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similar to results reported by Qaio J et al. in the treatment
of intrabony defect and Degree II furcation defect in
CGF + GTR + bone graft group which shows a positive role of
CGF in combination regenerative therapy.?'?4

Various long-term studies have shown that the extent and
the defect morphology of the furcation defects influence the
outcome of periodontal regeneration."'** The resolution of the
vertical defect component remains a critical aspect, regardless
of complete furcation closure as this could influence the
survival of the tooth.®®! Various signaling molecules govern
the healing outcome following periodontal regenerative
procedures in furcation defects.™ Pradeep et al. and Sharma
and Pradeep!”'® reported the use of autologous PRP in the
treatment of mandibular Degree II furcation defect as clinically
less beneficial, while the role of PRF was highlighted with a
complete closure of 66.7% of the defects, 83% were reduced to
Degree I and greater vertical defect fill than the control group.
The (CGF + GTR + ABB) group presented a more favorable
radiographic bone fill with higher %VBF (14.2%) (3.53 + 0.15 vs.
3.78 £0.11) and %HBF (9.3%) (4.40 + 0.08 vs. 4.74 = 0.14) than the
GTR + ABB group which were in agreement with the outcomes
of the study conducted by Qiao et al.®** Apart from obtaining
the furcation closure in both the groups with significant bone
fill, the addition of CGF mixed with ABB could be the reason
for greater resolution of vertical defect component with

Figure 4: Treatment of Degree Il furcation defect in mandibular molar in
Group B (concentrated growth factor + guided tissue regeneration + anorganic
bovine bone). (a) Degree Il furcation defect in mandibular molar; (b) Defect was

filled with concentrated growth factor/anorganic bovine bone mixed; (c) placement
of guided tissue regeneration membrane over the defect

Figure 6: Vertical height of the defect (VHF) measured in Group B (CGF+GTR+ABB)
(a) VHF at baseline; (b) VHF at 6th month. CGF — Concentrated growth factor;
GTR - Guided tissue regeneration; ABB — Anorganic bovine bone;

VHF - Vertical height of the defect

complete furcation closure in CGF + GTR + ABB group than
the GTR + ABB group [Figures 5 and 6]. This improvement
in the vertical component could enhance the longevity of the
treated tooth. CGF’s positive activity in this respect may be
due to its biologic characteristics and pattern of release growth
factor when mixed with ABB.

CGF, a third-generation platelet concentrate, has an edge
over PRP and PRF due to its complex 3-dimensional
architecture fibrinogen containing platelets with a higher
amount of cytokines, leukocytes, and growth factors.¢=!
The presence of growth factors such as transforming growth
factor-betal (TGF-B1), vascular endothelial growth
factor (VEGF), platelet-derived growth factor (PDGF),
fibroblast growth factor (FGF), insulin-like growth factor (IGF),
and stem cells CD34 positive cells has been highlighted in
various studies for stimulating cell proliferation, matrix
remodeling, and angiogenesis during healing processes.*!

Yu and Wang et al., Li et al.,*!! Chen et al.* and Rochira
et al.*¥ studied the in vitro effects of CGF and observed
the dose dependent activation of osteogenic stem cells by
increasing the activity of alkaline phosphatase and promoting
the proliferation of periodontal ligament stem cells and bone
marrow stem cells. Moreover, the combination of CGF with
biomaterials has been reported to be more beneficial than
CGF alone as the cells are trapped without dissolving rapidly
following the application. Bonazza et al.* reported that the
addition of beta-tricalcium phosphate could enhance the release
of bone morphogenetic protein 2 and 7, which have a pivotal
role in bone regeneration. Thus, CGF activity of growth factor
release is prolonged which is favorable for cell proliferation
and osteogenic differentiation.

Another important characteristic of CGF accounts for the release
of growth factors in a specific kinetic pattern. Yu et al.*! in an

a ‘ " :
Figure 5: Vertical height of the defect (VHF) measured in Group A (GTR+ABB)
(a) VHF at baseline (b) VHF at 6" month. GTR — Guided tissue regeneration;

ABB - Anorganic bovine bone; VHF — Vertical height of the defect

&

Figure 7: Horizontal depth of the defect (HDF) measured in group A (GTR+ABB)
(a) HDF at baseline (b) HDF at 6" months. GTR — Guided tissue regeneration;
ABB — Anorganic bovine bone
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Table 4: Comparison of percentage bone fills (percentage vertical bone fill and percentage horizontal bone fill)

Percentage Group A (GTR Group B (CGF P value of comparison of percentage
bone fill + ABB) + GTR + ABB) bone fill (%VBF and % HBF)
%VBF 85.00+3.07 99.06+0.69 <0.001%

%HBF 89.59+1.99 98.74+1.26 <0.001¢

*#(P<0.05) Significant difference. n — sample size; P — Calculated probability; GTR + ABB — Guided tissue regeneration with anorganic bovine bone mineral;
CGF + GTR + ABB — Guided tissue regeneration with anorganic bovine bone mineral mixed with concentrated growth factor; %VBF — Percentage vertical
bone fill; %HBF — Percentage horizontal bone fill

AL i) e el ;) g 0] |4
Figure 8: Horizontal depth of the defect (HDF) measured in Group B
(CGF+GTR+ABB) (a) HDF at baseline (b) HDF at 6™ month.
CGF - Concentrated growth factor; GTR - Guided tissue regeneration;
ABB - Anorganic bovine bone

in vitro study observed a unique dynamic pattern in growth
factor release when CGF is mixed with scaffold biomaterials.
The levels of growth factors released in CGF-DBBM (CGF
mixed with deproteinised bovine bone mineral) increased
significantly from 72 h with maximum peaks at 72 h (C5a),
7" day (IGF-1 and b FGF), 14" day (PDGF-BB, TGF-1, and C3a),
21" day (VEGF), and bimodal pattern of 72 h, 14" day (TGF-f1),
the trend continues with sustained release of growth factors for
28 days. However, the observations of the releasing pattern of
the growth factors of CGF alone were reported to release till
the 8" day with a maximum peak at the 8" day.

In the present study, the CGF fibrin mixed with ABB to fill
the furcation defect could have influenced the pattern as well
as the dynamics of growth factor release. The ABB/CGF mix
not only improves the wound stability, which is essential for
the establishment of a new connective tissue attachment to the
root surface, but also provides a scaffold supporting cytokine
attachment and cellular migration enhancing the augmentation of
the graft material. The experimental group (CGF + GTR + ABB)
shows greater improvements in all the clinical and radiographic
outcomes with complete closure of the Degree II mandibular
molar furcation defect. The preparation of the ABB/CGF mix
to fill the defect provides an additional scaffold and creates a
regenerative environment with sustained release of growth
factor, maximum peaks at 7" day, 21 day, and till 28" day which
coincides with healing period of new bone formation.

CONCLUSION

It can be concluded from the study that the use of CGF provides a
positive additive efficacy in enhancing the events of periodontal
regeneration in the treatment of Degree II mandibular molar
furcation defect. Nevertheless, the limitation of the present
study was the sample size and observation time was limited.
Further, no histological evaluation was performed to access the
type of healing. Further studies for evaluation of the efficacy of
CGF in combination regenerative therapy with larger sample
size, histological analysis, and long-term follow-up duration are
necessary to provide better and more reliable results.
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