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ABSTRACT

 Objective:  This trial preformed to evaluate clinically and radiographically, the efficacy of growth factors producing/inducing 
materials; Advanced-Platelet-Rich Fibrin (A-PRF) and Metformin (MF) respectively, in the surgical treatment of intrabony 
periodontal defects.
Methods: Forty-eight systemically healthy chronic periodontitis patients with intrabony defect were divided equally into 4 
groups. First Group, patients treated by open flap debridement (OFD). Second Group, patients treated by OFD + 1% MF gel. 
Third Group, patients treated by A-PRF, which inserted into the intra bony defect (IBD). Fourth Group treated by (1% MF + 
A-PRF). Parameters were gathered at baseline 6 and 9 months. 
Results: The reduction in probing depth (PD) and clinical attachment level (CAL) was greater in the A-PRF + 1% MF patients 
group than other groups. Combination of A-PRF + 1% MF showed statistically significant reduction of IBD greater than all 
other groups.
Conclusions: Usage of combination of A-PRF + 1% MF seems to be superior in gaining bone than surgical treatment by OFD, 
OFD + A-PRF or OFD + MF only.

INTRODUCTION                                                                 

 Bone resorption with intrabony defects are signs of periodontal 
disease progression. Various methods, involving resective and 
regenerative procedures, have been applied for the treatment 
of periodontal intrabony defects. Resective techniques remove 
granulation tissues without regenerating the periodontium. 
The aim of periodontal therapy is to regenerate the damaged 
periodontal structures.[1] The production of an ideal bone graft 
for regeneration purposes and xenografts became the main 
focus for treating periodontal disease.[2] These different bone 
grafts can be used alone, can also be mixed with each other 
or with growth factors such as platelet-rich fibrin (PRF).[3]

Periodontal bone defects require treatments which in-
volve the use of cells, growth factors and bone sub-
stitutes, as biomaterials/scaffolds, with biocompat-
ibility, osteoinductive, and osteoconductive properties. 
Generally, the three key elements in tissue engineering 
fields are stem cells, biomaterials and growth factors.[4]

The incorporation of growth factors is a very promising 
option in bone healing and/or stems cells that capable

of reconstructing bone and marrow structures.[5] However, 
there are controversial results in the supportive role of 
bone morghogenic proteins in alveolar bone regeneration 
and the quantity of the mesenchymal stem cells required 
for optimum bone tissue regeneration. Further materials 
will be likely to develop on innovative polymeric platforms 
with controlled biophysical, biomechanical and biological 
properties that target in the delivery of growth factors and 
cells.[6]

The PRF exhibits a slow and sustained release of growth 
factors, such as transforming growth factor-β1, platelet-
derived growth factor, and vascular endothelial growth 
factor which all have been proven to promote the wound 
healing and tissue regeneration.[7] To generate a solid fi-
brin clot, a high relative centrifugation force (RCF=708g), 
is required. In this RCF range, the fibrin network exhibits 
a dense structure with minimal interfibrous space.[8]

Modification of the preparation protocol by reducing the 
applied RCF resulted in an improved preparation pro-
tocol for advanced solid PRF (A-PRF) using 208g. The 
advanced fibrin clot showed a more porous structure with
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 a larger interfibrous space compared to that of PRF. 
Furthermore, inflammatory cells and platelets, were 
observed in even distributions.[9] In vivo pre-clinical 
investigations showed the role of the clot structure in the 
vascularization and regeneration processes.[10] 
Comparative histological analysis demonstrated that, 
porous structure of A-PRF significantly facilitated the 
cellular penetration into the fibrin scaffold, the low-speed 
centrifugation concept and enhancing the growth factor 
release.[11]

 Metformin (MF), 1, 1-dimethylbiguanide, is a second class 
biguanide, used to manage type II diabetes mellitus.[12] The 
MF has the osteogenic effect through two mechanisms of 
action. Firstly, increased proliferation of osteoblasts and 
reduction of osteoclast activity. Secondly, MF decrease the 
production of receptor activator of nuclear factor kappa B 
ligand and increase the production of osteoprotegerin from 
osteoblasts in turn decreases the osteoclast activity, thereby 
inducing bone formation and inhibiting bone resorption.[13, 

14] Metformin has the ability to diminish intracellular 
reactive oxygen species and advanced glycation end-prod-
ucts and ability to lower levels of insulin-like growth fac-
tors were beneficial for bone formation.[15] MF used as a 
local delivered adjunct to non-surgical periodontal therapy, 
or graft material in surgical periodontal therapy with open 
flap debridement (OFD) alone or as combination with 
other substances. Different clinical studies have shown that 
metformin improves clinical and radiological parameters 
of chronic periodontitis, and metformin gel is a promising 
option for improving the prognosis of periodontal treat-
ment.[16- 18]

 The aim of this clinical trial is study the efficacy of A-
PRF and MF in the surgical treatment of intrabony peri-
odontal defects. To the best of our knowledge, no clinical 
and radiographic study assesses the regenerative potential 
of A-PRF alone or in combination with MF in treatment 
of intrabony defect within chronic periodontitis patients.

MATERIALS AND METHODS                                                                 

2.1. Patients Setting and Population

 This study was designed as randomized double-blinded 
(patient, clinician) clinical study, included 48 systemically 
healthy chronic periodontitis patients with pocket depth 
more than 5 millimeters. Patients classified randomly into 
the following equal groups using online software (https://
www.randomizer.org); numbers were concealed in closed 
envelopes. Neither the patient nor the assessor was aware 
of the type of surgery done. First Group, treated by open 
flap debridement (OFD). Second Group, treated by OFD 
and 1% MF gel. Third Group, treated by OFD and ad-
vanced platelet-rich fibrin (A-PRF) and last group treated 
by OFD and 1% MF gel with A-PRF.
Inclusion criteria included; all patients should be free from 
any 

 systemic disease; all patients have severe chronic 
periodontitis with pocket depth ≥ 5mm with intrabony 
defect and successfully maintenance proper oral hygiene 
after phase I therapy. Exclusion criteria included patients 
with other conditions affecting periodontal tissue such as 
aggressive periodontitis, systemic diseases or conditions, 
and medications. Patients with unacceptable oral hygiene 
after phase I therapy were excluded, also smokers’ patients.

2.2. Sample Size Calculation and Power Analysis

 For the sample size calculation, the power analysis was 
performed using G Power system (Ver. 3.192 copy right 
1992-2020) for a one-way fixed effect analysis of vari-
ance (ANOVA). A power calculation was performed 
to determine the sample size. The criterion for sig-
nificance was set at α = 0.05 (type I error) and β= 0.20 
(type II error) to recognize significant difference (ƍ) 
of 1 mm between groups considering the change in in-
trabony bony depth (IBD) as the primary outcome vari-
able, with a 95% confidence interval. Therefore, the re-
quired sample size was found to be 12 patients in each 
group with 0.99 % actual power of this trial was obtained.

2.3. Formulation of Metformin Gel

 Preparation of MF gel was performed as described by 
Mohapatra et al. experiment.[19] All ingredients required 
for the formulation were weighed accurately. Dry gellan 
gum powder was dispersed in distilled water maintained at 
95○C. The dispersion was stirred at 95○C for 20 minutes 
to facilitate hydration of gellan gum. Mannitol was added 
to the gellan gum solution with continuous stirring and 
the temperature was maintained above 80○C. A weighed 
amount of MF was added with stirring. Then sucralose, cit-
ric acid, and preservatives (methylparaben, propylparaben) 
were added with stirring. Finally, sodium citrate was dis-
solved in 10mL distilled water and added to the mixture. 
The mixture could be cooled to room temperature to form 
gel 1% (Figure 1).

2.4. Advanced-Platelet Rich Fibrin Preparation

 A-PRF prepared as Ghanaati et al. technique.[20]  Pre-oper-
atively, intravenous blood was collected by venipuncture 
of the antecubital vein in two 10mL sterile plain glass-
based vacuum tubes without anticoagulant and immedi-
ately placed in a preprogrammed centrifuge (Low Speed 
PRP Centrifuge TD4®, Labwe Scientific, Hunan, china) at 
1500 rpm for 14 minutes. After centrifugation, the resultant 
product consists of 3 layers. The topmost layer consisting, 
of a cellular platelet poor plasma, PRF clot in the middle, 
and RBCs at the bottom of the test tube. The middle layer 
PRF was removed and placed in a sterile dappen dish 
(Figure 2).

2.5. Nonsurgical Periodontal Therapy and Preliminary 
Maintenance
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 At the initial visit, each patient underwent a full-mouth 
supra and subgingival surgical root planning. In the first 
visit, all patients were given careful instructions regarding 
proper oral hygiene maintenance.  Four to six weeks 
after surgical root planning, a periodontal evaluation 
was done to examine the desired sites for the trial.

2.6. Surgical Protocol

Before surgery, patients rinsed with 0.12% chlorhexidine 
digluconate (Hexitol®, The Arab Drug Company (adco), 
Egypt). Intracrevicular incisions were made and this was 
followed by the reflection of mucoperiosteal flaps. Thor-
ough defect debridement and root planning were per-
formed using ultrasonic instrumentation and area-specific 
curettes. No osseous recontouring was performed. First 
Group, treated by OFD only, without addition of any re-
generative material in the bone defect. Second Group, 
treated by OFD + 1% MF gel into the IBD. Third Group, 
treated by A-PRF, which inserted into the IBD after OFD. 
Fourth Group, treated by OFD + (1% MF + A-PRF), equal 
amounts of A-PRF and MF gel were mixed and inserted 
into the IBD after OFD. Compressed A-PRF membranes 
(two A-PRFs used to make one A-PRF membrane) were 
adapted over the defects to protect the A-PRF + 1% MF in 
the defect space. Patients were masked for grouping and 
treatment.

2.7. Postsurgical Follow-Up

Patients were advised with repeated application of an ice 
pack over the area of the face related to the surgery for 
one day to avoid postsurgical edema. Patients were asked 
to avoid sticky, spicy, hard and crispy food in the 1st week 
post surgically. Systemic antibiotic therapy such as; 
Amoxicillin/clavulanic acid (Augmentin®625mg, Glaxo-
SmithKline Pharmaceutical company, Fifth district, New 
Cairo, Cairo, Egypt) 3/times daily for a week. Chlorhexi-
dine 0.12% digluconate (Kenara® mouth wash, Macro 
Group Pharmaceuticals, Egypt) twice daily for 4 weeks. 
Analgesic and anti-inflammatory (Cataflam®50mg, No-
vartis Pharma, Heliopolis, Cairo, Egypt) twice/daily for a 
week. Follow-up was carried out every week in 1st month 
then at 3, 6 and 9 months post surgically in order to imple-
ment the importance of oral hygiene.

2.8. Clinical and Radiographic Assessment

 All patients will be evaluated at baseline, 6 and 9 months 
after treatment using the following clinical parameters; 
plaque index (PI), gingival index (GI), probing depth 
(PD), clinical attachment level (CAL). Standardized ra-
diographic assessment for IBD (the distance from the 
crest of the alveolar bone to the base of the defect) was 
performed. For achieving standardization, bite regis-
tration block was made for each patient to adjust film 
position at different intervals. Radiographs were tak-
en by parallel technique using film holder (Figure 3).

2.9. Statistical Analysis

 Data were recorded, computed, tabulated and analyzed 
at a significance level of P<0.05 by GraphPad Prism (ver-
sion 8, San Diego, California). The mean and standard 
deviation values were calculated for each group in each 
test. For parametric data; repeated measure ANOVA was 
used to compare between more than two groups in related 
samples. Graphs were performed using the Microsoft Ex-
cel program.

RESULTS                                                               

 This randomized clinical trial was performed in 48 
patients whom treated by either open flap debridement/
metformin/A-PRF/metformin + A-PRF. patients were di-
vided to 19 females and 29 males; their age ranged from 
21 to 49 years with a mean age of 32 years. A reduc-
tion in both PI and GI was observed in all study groups 
at 6 and 9 months, postoperatively. The reduction of PI 
was statistically significant among treatment intervals 
within each group while its reduction was not statisti-
cally significant among the 4 groups. The reduction of 
GI was not statistically significant among treatment in-
tervals within each group nor among the study groups. 
This reduction was indicated to successful maintenance 
periodontal therapy during observation time. (Table 1)
Comparison of mean PD and CAL showed differences 
between the study groups from baseline to 9 months 
by repeated measurement ANOVA test. When compar-
ing between groups at each period of investigation,there 
were significant differences between the groups at 6 
and 9 months (Table 2,3). The reduction in PD was 
greater in the A-PRF + 1% MF group (T0=5.2±0.32mm, 
T1=3.8±0.52mm, T2=3.5±0.49mm) and MF 
(T0=5.6±0.08mm, T1=4.4±0.24mm, T2=3.9±0.24mm) 
compared to A-PRF (T0=5.5±0.15mm, T1=4.3±0.16mm, 
T2=3.9±0.32mm), and OFD (T0=5.6±0.21mm, 
T1=4.8±0.43mm, T2=4.6±0.29mm) groups.
CAL reduction was greater in the A-PRF + 1% MF group 
(T0=4.5±0.32mm, T1=3.0±0.18mm, T2=2.9±0.07mm), 
and A-PRF group (T0=4.3±0.18mm, T1=3.2±0.16mm, 
T2=2.9±0.12mm), compared to 1% MF group 
(T0=4.4±0.30mm, T1=3.2±0.24mm, T2=3.0±0.09mm), 
and OFD group (T0=4.4± 0.22mm, T1=3.7± 0.21mm, 
T2=3.4±0.23mm) (Table 2, 3).

Reduction of IBD in all studied groups was statistically 
significant at end of observation period. When comparing 
between groups, this study showed that there was not sta-
tistically significant difference between OFD and 1% MF 
nor between OFD and A-PRF, while comparing between 
OFD and MF + A-PRF showed statistically significant 
difference. No statistically significant difference between 
1% MF and A-PRF. Combination of A-PRF + 1% MF 
showed statistically significant reduction of IBD greater 
than all other groups (Table 4, Figure 4).
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Figure 1: (A) showing gel formation of metformin in bottle, (B) metformin gel injected form syringe needle, and (C) application of metfor-
min gel in intrabony defect.

Figure 2: (A) showing preprogrammed centrifuge, (B) showing A-PRF clot in the middle of the test tube, (C) showing A-PRF was removed 
and placed in a sterile dappen dish, and (D) showing application of A-PRF within and over intrabony defect. 

Figure 3: Radiographic pictures showing the radiographic variation in patients from tested group before and after the procedure treatments
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                                                Figure 4: Column chart showing means of IBD of treatment groups at interval periods
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Table 1: First ANOVA test for comparison Plaque index and Gingival index between treatment intervals within each group and second 
ANOVA test for comparison between studied groups within each interval. (P ≤ 00.05) T0 = baseline, T1= 6 months, T2 = 9 months. (** = 

statistical significant differences).

Plaque index

            Follow up periods

Studied groups

Baseline 6 Months 9 Months Comparison between 
treatment intervals 
within each group

 By  First ANOVA test
Mean
± SD

Mean
± SD

Mean
± SD

Group I 0.37±0.07 0.34±0.07 0.27±0.04 p 0.00**

Group II 0.41±0.05 0.33±0.02 0.30±0.05 p 0.000**

Group III 0.40±0.06 0.36±0.03 0.31±0.05 p 0.00**

Group IV 0.41±0.03 0.37±0.03 0.30±0.03 p 0.000**

Comparison between 
studied groups within 

each interval By  
second ANOVA test

T0 T1 T2

p 0.30 p 0.25 p 0.27

Gingival index

          Follow up periods

Studied groups

Baseline 6 Months 9 Months Comparison between 
treatment intervals 

within each group By  
First ANOVA test

Mean
± SD

Mean
± SD

Mean
± SD

Group I 0.32±0.04 0.30±0.05 0.29±0.04 p 0.22

Group II 0.34±0.02 0.33±0.02 0.32±0.02 p 0.08

Group III 0.35±0.02 0.33±0.02 0.32±0.02 p 0.12

Group IV 0.34±0.03 0.33±0.03 0.31±0.02 p 0.32

Comparison between 
studied groups within 

each interval By  
second ANOVA test

T0 T1 T2

p 0.38 p 0.21 p 0.05
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Table 2.  First ANOVA test for comparison Pocket Depth between treatment intervals within each group and second ANOVA test for 
comparison between studied groups within each interval. (p ≤ 00.05) T0 = baseline, T1= 6 months, T2 = 9 months.  (** = statistical significant 

differences)
    

Pocket Depth

  Follow up periods

Studied groups

Baseline 6 Months 9 Months Comparison between 
treatment intervals 
within each group 
By ANOVA test

Mean± SD Mean± SD Mean± SD

Group I 5.6±0.21 4.8±0.43 4.6±0.29 p 0.000**

Group II 5.6±0.08 4.4±0.24 3.9±0.24 p 0.000**

Group III 5.5±0.15 4.3±0.16 3.9±0.32 p 0.000**

Group IV 5.2±0.32 3.8±0.52 3.5±0.49 p 0.000**

Comparison between 
studied groups within each 

interval By ANOVA test

T0 T1 T2

p 0.000** p 0.000** p 0.000**

Table 3.  First ANOVA test for comparison Clinical Attachment Loss between treatment intervals within each group and second ANOVA 
test for comparison between studied groups within each interval. (p ≤ 0.05) T0 = baseline, T1= 6 months, T2 = 9 months.  (** = statistical 

significant differences)

Clinical Attachment Loss

  Follow up periods

Studied groups

Baseline 6 Months 9 Months Comparison between 
treatment intervals 
within each group 
By ANOVA test

Mean± SD Mean± SD Mean± SD

Group I 4.4± 0.22 3.7± 0.21 3.4±0.23 p 0.000**

Group II 4.4±0.30 3.2±0.24 3.0±0.09 p 0.000**

Group III 4.3±0.18 3.2±0.16 2.9±0.12 p 0.000**

Group IV 4.5±0.32 3.0±0.18 2.9±0.07 p 0.000**

Comparison between 
studied groups within each 

interval By ANOVA test

T0 T1 T2

p 0.35 p 0.00** p 0.00**
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Table 4.  First ANOVA test for comparison intrabony Defect Depth between treatment intervals within each group and second ANOVA 
test for comparison between studied groups within each interval. (P ≤ 00.05) T0 = baseline, T1= 6 months, T2 = 9 months. (** = statistical 

significant differences)

Intrabony Defect Depth

Follow up periods

Studied groups

Baseline 6 Months 9 Months First
ANOVA

test

Mean± SD Mean± SD Mean± SD

Group I 4.3±0.17 2.9±0.20 2.9±0.21 p 0.000**

Group II 4.6±0.28 2.9±0.25 2.8±0.30 p 0.000**

Group III 4.6±0.06 2.9±0.30 2.8±0.33 p 0.000**

Group IV 4.6±0.06 2.3±0.18 2.1±0.10 p 0.000**

Second ANOVA test T0 T1 T2

All Groups p 0.01** p 0.000** p 0.000**

OFD vs. MF p 0.02** p 0.21 p 0.92

OFD vs. A-PRF p 0.03** p 0.20 p 0.97

OFD vs. MF+A-PRF p 0.03** p 0.000** p 0.000**

MF vs. A-PRF p 0.99 p 0.99 p 0.99

MF vs. MF+A-PRF p 0.99 p 0.000** p 0.000**

PRF vs. MF+A-PRF p 0.99 p 0.000** p 0.000**

DISCUSSION                                                              

  There is respectable clue to support the opinion, that re-
sidual pockets of ≥ 5 mm after phase I periodontal thera-
py exemplify a risk factor for further disease progression 
and therefore constitute a clear indication for periodontal 
surgery.[21] There is more attention regarding the treat-
ment of intrabony defects, which states that such defects 
should be grafted, but very less attendance to horizontal 
bone loss; because data indicate that, if vertical defects 
were be left untreated, they are more prone to  periodon-
tal disease progression than horizontal bone defect.[22]

  In this clinical trial some exclusions criteria were im-
plied, these criteria in line with those mentioned in Shukla 
et al. trial[23] they stated that some important  rules to be 
considered prior any periodontal surgery are systemic 
health of the patient and common diseases such as diabetes
and blood disorders should be within normal lim-
its or excluded. Periodontal surgery is never a

  motivation for smokers to stop their habit, such patients 
can be asked to quit for a period of 3-4 weeks, which 
sometimes becomes impossible for chronic smokers.[24] 

Phase I periodontal therapy was performed and followed 
by 4-6 weeks maintenance to detect acceptable plaque 
control level of patients included in this study; this in 
accordance with pie opinion [25] who mentioned that plaque 
is considered the most important factor in the inception, 
advancement, and intensity of periodontal infection and 
also a major risk factor to fiasco of periodontal therapy.

 Different authors reported that the efficacy of varying 
concentrations of subgingival delivered metformin in the 
treatment of chronic periodontitis resulted in a significant 
increase in PD reduction, CAL gain and intrabony defect 
depth. [16, 18, 26] In the present study also 1% metformin 
was used. Results of this clinical study showed that im-
provement in plaque control and gingival tissue health in 
all groups from the start to the end of observation period; 
this reduction of PI and GI was not statistically significant 
when comparing between groups. These readings agreed 
with results obtained by Khalifehzadeh et al.  study [27]
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  and Pradeep et al trial. [28], they stated that improvement 
occurred due to oral prophylaxis was done for all the pa-
tients before starting the study, and similar oral hygiene 
instructions were given to patients from all four groups.
Current investigations showed that PD and CAL improve-
ment were statistically significant with better results ap-
peared in A-PRF + MF group; On the contrary Khalife-
hzadeh et al. study [27] showed no significant improvement 
as they used PRGF + MF. On the other hand, the present 
PD and CAL improvement were corresponded with study 
of Pradeep et al. trial [28] as they used PRF + MF and they 
mentioned that  The greater PD reduction and RAL gain 
seen in the PRF + 1% MF group signifies the enhanced 
combined efficacy of growth factors released by PRF and 
bone-forming activity of MF. In present study, intrabony 
defect depth was reduced significant when comparing A-
PRF+MF group against other groups only. These results 
were coincided with Khalifehzadeh et al. study [27] as they 
reported that significant improvements were shown in MF 
+ PRGF group; however, most of the defects in the MF and 
PRGF groups had no radiographic changes and two defects 
in the control group showed radiolucency, which might 
be the reason for the significance of radiographic chang-
es unlike the clinical parameters. Also, Pradeep et al. [28]

  study showed that The IBD reduction in PRF, MF, and 
PRF + MF groups was significantly greater than in the 
OFD-only group, showing the benefit of the use of growth 
factors in periodontal regeneration. A statistically signifi-
cant greater reduction in the PRF + MF group than PRF 
or 1% MF also signifies the additional efficacy of use of 
multiple approaches serving growth factors for regenera-
tion. Better combination of A-PRF with metformin may 
be due to elevation of the expression of different types 
of growth factor inside A-PRF network which promote 
osteogenesis by stimulating effects of metformin.[29, 30]

  To our limited acquaintance, advanced PRF alone or in 
combination with MF were used in the present study as 
growth factors producing / inducing materials for surgical 
periodontal therapy of intrabony defect. Also, very little 
clinical trials applied MF formulation in treatment in in-
trabony periodontal defects. Forthcoming studies should 
employ A-PRF + MF combination or A-PRF with other 
bone grafts to evaluate its effects on growth factors pro-
duction/induction in periodontal defects and implant bony 
sites. More radiographic analysis of periodontal bony de-
fects by CBCT will be required in further trials to accu-
rate assessments of effects of A-PRF + MF combination 
or A-PRF with other bone grafts on bone wall topography.

CONCLUSION                                                             

With some limitations in the current study, A-PRF + MF 
combination showed a greater improvement in IBD reduc-
tion when compared with OFD only, 1% MF or A-PRF alone.
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