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Abstract: 
Delayed or unfavorable periodontal wound healing after flap surgery is a clinical problem that can affect post-operative comfort and 
long-term periodontal outcomes. Therefore, it is of interest to evaluate the effect of adjunctive i-PRF, diode laser and hyaluronic acid 
with open flap debridement in ten patients diagnosed with chronic periodontitis. Pain using VAS score and early wound healing 
score were assessed at 24 hours, 3 days and 7 days, while plaque index, gingival index, probing pocket depth and clinical attachment 
level were recorded at baseline, 1 month and 3 months. All treatment groups showed improvement in clinical parameters, with 
Group C receiving diode laser adjunctive therapy demonstrating better VAS, EHS, PPD and CAL outcomes than the other groups. 
Thus, data shows that adjunctive use of i-PRF, diode laser and hyaluronic acid with open flap debridement may improve periodontal 
healing, although larger studies with longer follow-up are required for validation. 
 
Keywords: Chronic periodontitis (CP), periodontal debridement, platelet-rich fibrin (i-PRF), hyaluronic acid, laser, wound healing 

 
Background: 
The primary objective in the management of chronic 
periodontitis is to promote periodontal tissue repair and, where 
feasible, achieve regeneration of the lost supporting structures 
[1]. Open flap debridement, either alone or in combination with 
adjunctive modalities such as growth factors, platelet 
concentrates, diode lasers and hyaluronic acid, has been 
proposed to reduce periodontal pocket depth, improve clinical 
attachment levels and promote periodontal healing [2]. A 
planned biological strategy that enhances the local wound-
healing environment is essential for achieving favourable and 
predictable clinical outcomes following periodontal therapy [3]. 
Autologous injectable platelet-rich fibrin (i-PRF) provides a 
concentrated source of growth factors and signalling molecules 
that may support cellular proliferation, angiogenesis and tissue 
regeneration [4]. Diode laser therapy at a wavelength of 970 nm 
may enhance periodontal wound healing by reducing the 
bacterial burden and promoting photobiomodulatory cell 
signalling [5]. Hyaluronic acid contributes to tissue repair 
through its involvement in cell proliferation, recognition, 
migration and extracellular matrix regulation [6]. The combined 
use of i-PRF, a 970 nm diode laser and hyaluronic acid may 
therefore provide complementary biological effects that enhance 
periodontal wound healing and reduce post-operative 
complications [7]. Therefore, it is of interest to report the clinical 
outcomes of this multimodal regenerative approach in patients 
with chronic periodontitis. 
 
Materials and Methods: 
A prospective, split-mouth clinical controlled trial was 
conducted which was approved by the institutional ethical 
committee of a private teaching dental hospital involving ten 
systemically healthy patients diagnosed with chronic 
periodontitis. Sample size was calculated using G*Power 
software (version 3.1.9.7). With an effect size (f) of 0.40, α = 0.05, 
power = 80%, four groups and three time points, a minimum of 
40 quadrants (10 per group) were required to achieve a clinically 
meaningful difference between the groups. A total of 40 

quadrants were randomly allocated into four equal groups (10 
quadrants in each group). Medically healthy patients aged 25-55 
years with persistent PPD ≥5 mm and CAL ≥4 mm, capable of 
maintaining adequate oral hygiene and willing to participate 
were selected for the study. Patients with uncontrolled systemic 
diseases, history of periodontal surgery within the past six 
months, requirement of extensive osseous surgery, antibiotic or 
long-term steroid therapy, tobacco use and pregnant or lactating 
women were excluded. Pain and early wound healing were 
evaluated using the Visual Analogue Scale (VAS) [3]. And Early 
Wound Healing Score (EHS) [4]. At 24 hours, 3rd day and 7th 
day post-surgery. Periodontal parameters assessed using a 
UNC-15 periodontal probe included Plaque Index (PI), Gingival 
Index (GI) [5], Probing Pocket Depth (PPD)  and Clinical 
Attachment Level (CAL) [6] at baseline, 1 month and 3 months 
post-operatively. After pre-operative clinical assessment and 
case selection, written informed consent was obtained from all 
the patients. All patients underwent full-mouth scaling and root 
planing and were instructed on proper oral hygiene measures 
prior to surgery. The surgical procedure included the following: 
intraoral antisepsis was performed using 0.2% chlorhexidine 
digluconate and extraoral antisepsis using 5% povidone-iodine 
solution. Local anaesthesia was achieved using 2% lignocaine 
hydrochloride with adrenaline (1:80,000). Crevicular incisions 
were placed and full thickness mucoperiosteal flaps were 
reflected. Thorough debridement was carried out using Gracey 
curettes. In Group A, conventional OFD was performed. In 
Group B, i-PRF was applied to the inner surface of the reflected 
flap following OFD. In Group C, a 970 nm diode laser (1.5 W, 
320-µm fibre optic tip) was used in continuous mode with 
horizontal overlapping strokes in a corono-apical direction for 10 
seconds per tooth, avoiding contact with bone and tooth 
surfaces. In Group D, 0.8% hyaluronic acid gel was applied to 
the inner surface of the reflected flap following OFD. Flaps were 
repositioned and sutured using 3-0 non-resorbable black braided 
silk sutures. Post-operative instructions were provided to all 
patients. Antibiotics and analgesics were prescribed. Patients 
were advised to avoid brushing or flossing the surgical site until 
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suture removal and to rinse with 0.2% chlorhexidine mouthwash 
twice daily for two weeks starting 24 hours post-surgery. 
Sutures were removed after 7-10 days. Patients were recalled at 1 
and 3 months for reinforcement of oral hygiene measures, 
professional maintenance, clinical recordings and photographic 
documentation. 
 
Results: 
Forty participants were included, with 10 participants in each 
group. Their ages ranged from 25 to 51 years, with a mean age of 
35.50 ± 9.96 years and a median age of 31 years. The study 
population comprised 28 males (70%) and 12 females (30%). The 
mean VAS score decreased progressively from 24 hours to day 7 
in all groups. Group C recorded the lowest VAS scores at 24 
hours, day 3 and day 7 (3.10 ± 0.57, 1.50 ± 0.53 and 0.30 ± 0.48, 
respectively). Within each group, VAS scores decreased 
significantly between every assessment interval (all P < 0.001). 
At 24 hours, Group C had significantly lower VAS scores than 
Groups A, B and D (P < 0.001, P = 0.040 and P = 0.005, 
respectively). At day 3, Group A had significantly higher VAS 
scores than Groups B, C and D (P < 0.001, P < 0.001 and P = 
0.005, respectively), whereas no significant intergroup 
differences were observed at day 7. Early wound-healing scores 
increased significantly between 24 hours, day 3 and day 7 in all 
groups (all P < 0.001). Group C demonstrated the highest scores 
at day 3 and day 7 (7.40 ± 0.52 and 9.10 ± 0.57, respectively). 
However, the only significant intergroup difference occurred at 
day 3, when Group C had a higher score than Group A (P = 
0.004). No significant intergroup differences were observed at 24 
hours or day 7. Descriptive values, intragroup comparisons and 
intergroup comparisons for VAS and early wound healing are 
presented in Tables 1, 2 and 3 respectively. Plaque index 
decreased significantly from baseline to 1 month in all groups 
(all P < 0.001) but subsequently increased significantly between 1 
and 3 months (all P < 0.001). At 3 months, plaque index values 
were significantly higher than baseline in Groups A, B and D (all 
P < 0.001) and Group C (P = 0.019). No significant intergroup 
differences were observed at baseline, 1 month or 3 months. 
Gingival index decreased from baseline to 1 month in all groups, 

although the reduction was significant only in Groups B, C and 
D (P = 0.008, P = 0.003 and P = 0.024, respectively). Between 1 
and 3 months, gingival index increased significantly in Groups 
A, B and D (all P < 0.001), whereas the change in Group C was 
not significant (P = 0.099). At 3 months, Group C showed a 
significantly lower gingival index than Groups A, B and D (all P 
< 0.001); the remaining intergroup comparisons were not 
significant. Probing pocket depth decreased significantly from 
baseline to both 1 and 3 months in all groups (all P < 0.001). 
Group C showed the greatest reduction, from 6.67 ± 0.08 mm at 
baseline to 1.70 ± 0.31 mm at 1 month and 2.04 ± 0.23 mm at 3 
months. Between 1 and 3 months, PPD increased significantly in 
Groups A, B and D (P < 0.001, P = 0.001 and P = 0.003, 
respectively), but remained statistically stable in Group C (P = 
0.192). Group C had significantly lower PPD than Groups A, B 
and D at both 1 and 3 months (all P < 0.001). At 3 months, Group 
B also had a lower PPD than Group A (P = 0.023). Clinical 
attachment level improved significantly from baseline to both 1 
and 3 months in all groups (all P < 0.001). Group C 
demonstrated the greatest attachment gain, with mean CAL 
decreasing from 6.75 ± 0.25 mm at baseline to 1.78 ± 0.32 mm at 1 
month and 2.12 ± 0.29 mm at 3 months. A significant loss of 
some initial attachment gain between 1 and 3 months occurred 
in Groups A, B and D (P < 0.001, P = 0.001 and P = 0.003, 
respectively), whereas CAL remained stable in Group C (P = 
0.192). Group C had significantly lower CAL than Groups A, B 
and D at both follow-up periods (all P < 0.001). At 3 months, 
Group B also had significantly lower CAL than Group A (P = 
0.034). Descriptive values, intragroup comparisons and 
intergroup comparisons for the periodontal parameters are 
presented in Tables 4, 5 and 6, respectively. Overall, all four 
treatment groups showed post-operative pain reduction, 
improved early wound healing and significant periodontal 
improvement. Group C produced the lowest post-operative pain 
scores and the most sustained improvements in gingival 
inflammation, probing pocket depth and clinical attachment 
level (Figure 1, 2). 

 
Table 1: Post-treatment (mean ± SD, n=10) VAS and EHS scores of four groups over the periods 

Variable Assessment period Group A (n=10) Group B (n=10) Group C (n=10) Group D (n=10) 

VAS (score) 24 hrs 4.70 ± 0.95 4.10 ± 0.57 3.10 ± 0.57 4.30 ± 0.67 
VAS (score) day 3 3.60 ± 0.97 2.00 ± 0.67 1.50 ± 0.53 2.40 ± 0.52 
VAS (score) day 7 1.20 ± 0.63 0.60 ± 0.52 0.30 ± 0.48 0.80 ± 0.42 
EHS (score) 24 hrs 4.00 ± 0.82 4.10 ± 0.74 4.20 ± 0.63 4.00 ± 0.82 
EHS (score) day 3 6.20 ± 0.63 6.80 ± 0.79 7.40 ± 0.52 6.50 ± 0.53 
EHS (score) day 7 8.40 ± 0.52 8.70 ± 0.48 9.10 ± 0.57 8.60 ± 0.52 

*The post treatment VAS and EHS scores of four groups were summarised in Mean ± SD. 
 
Table 2: For each group, comparison (P value) of difference in mean VAS and EHS scores between the periods by Tukey test 

Variable Comparison Group A Group A Group B Group B Group C Group C Group D Group D 

Variable Comparison Mean diff. P value Mean diff. P value Mean diff. P value Mean diff. P value 
VAS (score) 24 hrs vs. day 3 1.10 < 0.001 2.10 < 0.001 1.60 < 0.001 1.90 < 0.001 
VAS (score) 24 hrs vs. day 7 3.50 < 0.001 3.50 < 0.001 2.80 < 0.001 3.50 < 0.001 
VAS (score) day 3 vs. day 7 2.40 < 0.001 1.40 < 0.001 1.20 < 0.001 1.60 < 0.001 
EHS (score) 24 hrs vs. day 3 2.20 < 0.001 2.70 < 0.001 3.20 < 0.001 2.50 < 0.001 
EHS (score) 24 hrs vs. day 7 4.40 < 0.001 4.60 < 0.001 4.90 < 0.001 4.60 < 0.001 
EHS (score) day 3 vs. day 7 2.20 < 0.001 1.90 < 0.001 1.70 < 0.001 2.10 < 0.001 

Diff: difference. 
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Table 3: For each period, comparison (P value) of difference in mean VAS and EHI scores between the groups by Tukey test 

Variable Comparison 24 hrs 24 hrs day 3 day 3 day 7 day 7 

Variable Comparison Mean diff. P value Mean diff. P value Mean diff. P value 
VAS (score) Group A vs. Group B 0.60 0.639 1.60 < 0.001 0.60 0.639 
VAS (score) Group A vs. Group C 1.60 < 0.001 2.10 < 0.001 0.90 0.099 
VAS (score) Group A vs. Group D 0.40 0.962 1.20 0.005 0.40 0.962 
VAS (score) Group B vs. Group C 1.00 0.040 0.50 0.847 0.30 0.996 
VAS (score) Group B vs. Group D 0.20 1.000 0.40 0.962 0.20 1.000 
VAS (score) Group C vs. Group D 1.20 0.005 0.90 0.099 0.50 0.847 
EHI (score) Group A vs. Group B 0.10 1.000 0.60 0.615 0.30 0.995 
EHI (score) Group A vs. Group C 0.20 1.000 1.20 0.004 0.70 0.615 
EHI (score) Group A vs. Group D 0.00 1.000 0.30 0.995 0.20 1.000 
EHI (score) Group B vs. Group C 0.10 1.000 0.60 0.615 0.40 0.995 
EHI (score) Group B vs. Group D 0.10 1.000 0.30 0.995 0.10 1.000 
EHI (score) Group C vs. Group D 0.20 1.000 0.90 0.089 0.50 0.957 

Diff: difference. 

 
Table 4: Pre and post mean (± SD, n=10) PI, GI, PPD and CAL of four groups over the periods 

Variable Assessment period Group A (n=10) Group B (n=10) Group C (n=10) Group D (n=10) 

PI (score) Baseline 1.43 ± 0.14 1.42 ± 0.08 1.45 ± 0.05 1.43 ± 0.07 
PI (score) 1 month 0.86 ± 0.10 0.72 ± 0.11 0.61 ± 0.10 0.78 ± 0.18 
PI (score) 3 month 1.87 ± 0.31 1.80 ± 0.18 1.74 ± 0.31 1.83 ± 0.13 
GI (score) Baseline 0.88 ± 0.19 0.87 ± 0.14 0.83 ± 0.13 0.97 ± 0.05 
GI (score) 1 month 0.70 ± 0.18 0.64 ± 0.10 0.58 ± 0.06 0.76 ± 0.15 
GI (score) 3 month 1.20 ± 0.12 1.12 ± 0.12 0.76 ± 0.17 1.23 ± 0.05 
PPD (mm) Baseline 6.61 ± 0.14 6.55 ± 0.11 6.67 ± 0.08 6.67 ± 0.08 
PPD (mm) 1 month 3.21 ± 0.47 2.90 ± 0.52 1.70 ± 0.31 3.13 ± 0.44 
PPD (mm) 3 month 3.90 ± 0.08 3.46 ± 0.05 2.04 ± 0.23 3.65 ± 0.11 
(mm) Baseline 6.78 ± 0.30 6.60 ± 0.21 6.75 ± 0.25 6.73 ± 0.18 
(mm) 1 month 3.38 ± 0.63 2.95 ± 0.50 1.78 ± 0.32 3.19 ± 0.53 
(mm) 3 month 4.07 ± 0.34 3.51 ± 0.18 2.12 ± 0.29 3.71 ± 0.20 

The pre and post PI, GI, PPD and CAL of four groups were summarised in Mean ± SD. 
 
Table 5: For each group, comparison (P value) of difference in mean PI, GI, PPD and CAL between the periods by Tukey test 

Variable Comparison Group A Group A Group B Group B Group C Group C Group D Group D 

Variable Comparison Mean diff. P value Mean diff. P value Mean diff. P value Mean diff. P value 
PI (score) Baseline vs. 1 month 0.57 < 0.001 0.70 < 0.001 0.84 < 0.001 0.65 < 0.001 
PI (score) Baseline vs. 3 month 0.44 < 0.001 0.38 < 0.001 0.29 0.019 0.40 < 0.001 
PI (score) 1 month vs. 3 month 1.01 < 0.001 1.08 < 0.001 1.13 < 0.001 1.05 < 0.001 
GI (score) Baseline vs. 1 month 0.18 0.099 0.23 0.008 0.25 0.003 0.21 0.024 
GI (score) Baseline vs. 3 month 0.32 < 0.001 0.25 0.003 0.07 0.986 0.26 0.002 
GI (score) 1 month vs. 3 month 0.50 < 0.001 0.48 < 0.001 0.18 0.099 0.47 < 0.001 
PPD (mm) Baseline vs. 1 month 3.40 < 0.001 3.65 < 0.001 4.97 < 0.001 3.54 < 0.001 
PPD (mm) Baseline vs. 3 month 2.71 < 0.001 3.09 < 0.001 4.63 < 0.001 3.02 < 0.001 
PPD (mm) 1 month vs. 3 month 0.69 < 0.001 0.56 0.001 0.34 0.192 0.52 0.003 
(mm) Baseline vs. 1 month 3.40 < 0.001 3.65 < 0.001 4.97 < 0.001 3.54 < 0.001 
(mm) Baseline vs. 3 month 2.71 < 0.001 3.09 < 0.001 4.63 < 0.001 3.02 < 0.001 
(mm) 1 month vs. 3 month 0.69 < 0.001 0.56 0.001 0.34 0.192 0.52 0.003 

Diff: difference. 
 
Table 6: For each period, comparison (P value) of difference in mean PI, GI, PPD and CAL between the groups by Tukey test 

Variable Comparison Baseline Baseline 1 month 1 month 3 month 3 month 

Variable Comparison Mean diff. P value Mean diff. P value Mean diff. P value 
PI (score) Group A vs. Group B 0.01 1.000 0.14 0.783 0.07 0.999 
PI (score) Group A vs. Group C 0.02 1.000 0.25 0.054 0.13 0.854 
PI (score) Group A vs. Group D 0.00 1.000 0.08 0.996 0.04 1.000 
PI (score) Group B vs. Group C 0.03 1.000 0.11 0.948 0.06 1.000 
PI (score) Group B vs. Group D 0.01 1.000 0.06 1.000 0.03 1.000 
PI (score) Group C vs. Group D 0.02 1.000 0.17 0.516 0.09 0.989 
GI (score) Group A vs. Group B 0.01 1.000 0.06 0.997 0.08 0.967 
GI (score) Group A vs. Group C 0.05 0.999 0.12 0.656 0.44 < 0.001 
GI (score) Group A vs. Group D 0.09 0.926 0.06 0.997 0.03 1.000 
GI (score) Group B vs. Group C 0.04 1.000 0.06 0.997 0.36 < 0.001 
GI (score) Group B vs. Group D 0.10 0.859 0.12 0.656 0.11 0.767 
GI (score) Group C vs. Group D 0.14 0.418 0.18 0.101 0.47 < 0.001 
PPD (score) Group A vs. Group B 0.06 1.000 0.31 0.325 0.44 0.023 
PPD (score) Group A vs. Group C 0.06 1.000 1.51 < 0.001 1.86 < 0.001 
PPD (score) Group A vs. Group D 0.06 1.000 0.08 1.000 0.25 0.658 
PPD (score) Group B vs. Group C 0.12 0.998 1.20 < 0.001 1.42 < 0.001 
PPD (score) Group B vs. Group D 0.12 0.998 0.23 0.764 0.19 0.920 
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PPD (score) Group C vs. Group D 0.00 1.000 1.43 < 0.001 1.61 < 0.001 
(score) Group A vs. Group B 0.18 0.992 0.43 0.249 0.56 0.034 
(score) Group A vs. Group C 0.03 1.000 1.60 < 0.001 1.95 < 0.001 
(score) Group A vs. Group D 0.05 1.000 0.19 0.988 0.36 0.516 
(score) Group B vs. Group C 0.15 0.998 1.17 < 0.001 1.39 < 0.001 
(score) Group B vs. Group D 0.13 1.000 0.24 0.935 0.20 0.983 
(score) Group C vs. Group D 0.02 1.000 1.41 < 0.001 1.59 < 0.001 

Diff: difference. 
 

 
Figure 1: Post-treatment means VAS score of four groups over 
the periods 
 

 
Figure 2: Post-treatment means EHS of four groups over the 
periods 

 
Discussion: 
The greatest and most consistent reduction in pain was observed 
with the adjunctive use of a 970 nm diode laser, which aligns 
with previous reports by Sanz-Moliner et al. [7] demonstrating 
reduced post-operative pain and inflammation following laser-
assisted periodontal surgery. Injectable PRF and hyaluronic acid 
also resulted in improved pain outcomes compared to OFD 
alone, likely due to their anti-inflammatory and wound-healing 
properties, as supported by Cho et al. [8] and Casale et al. [9] 

Overall, these findings suggest that laser and biologic adjuncts 
enhance post-operative comfort following periodontal flap 
surgery, with the diode laser showing the greatest clinical 
benefit. The adjunctive use of a 970-nm diode laser 
demonstrated superior early wound healing, reflected by higher 
EHS scores, likely due to its bactericidal, hemostatic and photo-
biomodulatory effects. Sanz-Moliner et al. [7] reported that diode 

lasers reduce postoperative inflammation and promote smoother 
wound margins. Hassan et al. [10] observed that platelet-rich 
fibrin accelerates epithelialization and improves donor site 
healing, while hyaluronic acid enhances tissue repair through 
moisturizing, anti-inflammatory and cell migration-promoting 
properties. Yadwad et al. [11] confirmed that diode lasers 
significantly improve clinical and microbiological outcomes in 
periodontitis, supporting the observed early healing advantage. 
Overall, these studies corroborate that laser and biologic 
adjuncts accelerate early tissue repair, with laser showing the 
most pronounced effect. Pilloni et al. [12] evaluated the 
adjunctive use of an esterified hyaluronic acid (HA) gel 
alongside mechanical plaque control and reported 
improvements in plaque index (PI), bleeding on probing (BOP), 
probing pocket depth (PPD) and gingival index. The authors 
highlighted that HA may enhance wound healing, reduce 
inflammation and support better patient comfort post-
operatively, complementing conventional oral hygiene 
measures. This aligns with the trend observed in our study, 
where adjunctive therapies, particularly the diode laser, 
indirectly contributed to more stable plaque control over the 3-
month follow-up period, likely through reduced postoperative 
discomfort and enhanced healing, which may facilitate 
improved brushing efficiency and patient compliance. Previous 
studies support the enhanced anti-inflammatory effects of 
adjunctive therapies. Leyes-Borrajo et al. [13] reported improved 
clinical parameters, including reduced probing depth and 
gingival inflammation, when a diode laser was used alongside 
SRP. Saglam et al. [14] showed that diode laser application 
significantly reduced bacterial load and promoted better 
gingival healing, highlighting its role in sustained inflammation 
control. These findings corroborate the current study's 
observation of prolonged GI stability in the diode laser group. 
Srivastava et al. reported that adjunctive i-PRF and 970-nm diode 
laser therapy improved postoperative wound healing and 
periodontal clinical parameters following open-flap 
debridement, with the diode laser producing the greatest 
reduction in pain, probing depth and clinical attachment loss 
[15].  Padrón-Molina et al. [16] showed that PRF combined with 
OFD enhances PPD reduction and clinical attachment gain due 
to growth factor-rich fibrin matrices promoting cell migration. 
Carosi et al. [17] highlighted diode lasers' ability to de-
epithelialize pockets, reduce bacterial load and stimulate soft 
tissue healing through photothermal and bio-stimulatory 
mechanisms, contributing to sustained and clinically significant 
PPD improvement. Rathod et al. [18] reported that adjunctive 
diode laser therapy resulted in greater probing depth reduction 
and clinical attachment gain compared to OFD alone, attributing 
the effect to effective bacterial reduction and improved 
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decontamination of periodontal pockets. Gollapudi et al. [19] 
highlighted the regenerative potential of injectable platelet-rich 
fibrin (i-PRF), emphasizing its continuous release of growth 
factors, promotion of angiogenesis, collagen synthesis and 
enhancement of both soft and hard periodontal tissue healing. 
Khan et al. [20] showed that diode laser supplementation in 
periodontal flap surgery provided clinical attachment gain 
through antibacterial activity, angiogenesis promotion and 
haemostatic properties, while also minimizing postoperative 
pain. Limitations of this study included a small sample size and 
a shorter follow-up period which may have limited the 
observation of the long-term effects and stability of the 
treatments. The study also highlighted the need for further 
research and clinical trials to confirm the efficacy and superiority 
of these adjunctive approaches.  
 
Conclusion: 
Adjunctive i-PRF, 970-nm diode laser and 0.8% hyaluronic acid 
with OFD significantly improved post-operative healing and 
clinical periodontal outcomes. The 970-nm diode laser produced 
the most consistent and superior results, while i-PRF and 
hyaluronic acid showed moderate additional benefits. All 
adjunctive modalities were safe for use in chronic periodontitis. 
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