


Short-term antimicrobial photodynamic therapy action in non-surgical periodontal treatment in type 2 diabetic individuals:  split-mouth double-blind randomized controlled clinical trial
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ABSTRACT 

	It is known that diabetic individuals with untreated periodontal disease are more predisposed to uncontrolled glycemia and the consequent development of complications related to diabetes mellitus (DM). Due to the impairment of quality of life caused by type 2 DM and periodontal disease, studies are needed to investigate the relationship between the two diseases, seeking ways to minimize the consequences of these changes to the health of individuals. This clinical study aimed to evaluate the response to two types of periodontal treatment to define the most effective clinical protocol for improving periodontal disease. The objective of this study was to evaluate the periodontal condition of type 2 diabetic patients and the response of periodontal tissues to two different periodontal treatments, for a short period (90 days): scaling and root planing (SRP) and scaling and root planing associated with antimicrobial Photodynamic Therapy (SRP + aPDT). For this 20 patients were evaluated in a randomized split-mouth clinical study. The inclusion criteria used were: patients of both sexes, aged 25 to 65 years, with type 2 DM (glycated hemoglobin ≥ 7%) and periodontitis Stage III or IV Grade C. All selected patients underwent non-surgical periodontal treatment and evaluated through clinical parameters: plaque index (PI), probing depth (PD), clinical attachment level (CAL) and bleeding on probing (BoP). Laboratory tests were requested (fasting blood glucose, glycated hemoglobin, and lipid profile). In addition, gingival fluid quantification was performed. The side of each treatment was defined by randomization. aPDT was performed immediately after SRP and reapplied at 7 and 14 days, using a combination of a low-power laser (660 nm) and methylene blue (10 mg/ml). Patients were evaluated for a total period of 90 days, comprising the baseline and 90 days. The results demonstrate improvement in the periodontal parameters analyzed at 90 days, with no significant difference between the RAR side and the SRP + aPDT side. However, in the gingival crevicular fluid, the treatment associated with photodynamic therapy was significantly superior. There was a significant improvement in the value of glycated hemoglobin at 90 days compared to the baseline. We can conclude that there was an improvement in the periodontal clinical condition, but there was no predominance among the proposed treatments, besides the reduction of gingival crevicular fluid with the use of photodynamic therapy associated with scaling and root planing in a short period.
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1. INTRODUCTION 

The World Health Organization (WHO) estimates that periodontal diseases affect 35% of the world's population, and among adults the projection is that 50% are affected. Periodontal disease is characterized as an infectious inflammatory disease that affects the gums, periodontal ligament, cementum and alveolar bone of the teeth due to the interaction between periodontopathogenic bacteria and the host's immune response (Lira-Junior et al., 2016). This comorbidity tends to be more severe in diabetic individuals (Chee et al., 2013). Type 2 diabetes mellitus (T2DM) is defined by the dysregulation of lipids, proteins, and carbohydrates resulting from the lack of insulin production by pancreatic cells or the body's inability to respond to insulin (insulin resistance) (Al-Momani, 2021). According to data from the International Diabetes Federation (IDF), it is estimated that the population of Brazilians with comorbidity is 15.8 million people.
Hyperglycemia associated with diabetes leads to changes in alveolar bone hemostasis and the formation of advanced glycation end-products (AGEs), which play a pro-inflammatory and pro-oxidative role in cells. AGE-RAGE complexes lead to increased production and release of cytokines and mediators that contribute to the exacerbation of other chronic inflammatory processes, such as periodontal disease. As an infectious process, it is biologically plausible that the presence of periodontitis influences the metabolic control of diabetics since high levels of C-reactive protein (CRP), IL-6, and TNF-α expressed during the periodontal destruction process can negatively interfere with glycemic control (SBD, 2018). Therefore, diabetes mellitus is classified as a factor that modifies the degree of periodontal disease in the new classification of periodontal diseases. Glycated hemoglobin (HbA1c) equal to 7 is classified as grade B and greater than 7 as grade C, associated with a moderate to rapid rate of periodontitis progression (Caton et al., 2017).
Without proper treatment, periodontal disease progresses to the destruction of tooth-supporting tissues through the synthesis and release of cytokines, pro-inflammatory mediators, and metalloproteinases, which can lead to the loss of teeth, generating functional and aesthetic impairment to the patient, in addition to acting as a risk factor in the development of systemic conditions (Lima et al ., 2008; Dias et al ., 2011; Torrungruand et al ., 2015). The treatment of periodontitis aims to remove biofilm and calculus from the surface of the teeth and includes scaling and root planing (SRP) techniques, and is recognized as the “gold standard” modality for periodontal treatment (Lindhe; Lang, 2010).
For cases that do not show satisfactory improvement with SRP alone, different treatments have been proposed in the literature as adjuvant therapies, for example, antimicrobial Photodynamic Therapy (aPDT). In addition to not inducing bacterial resistance, aPDT appears as a method of microbial reduction with minimal side effects and systemic effects (Martins, 2016). The principle of action of aPDT is essentially the association of a light source with a photosensitizing agent, causing cell necrosis and microbial death. The antimicrobial effect is achieved when the low-intensity light source promotes the emergence of substances that can cause damage and kill target cells by promoting the excitation of the photosensitizing substance (Ishikawa et al., 2009).
The studies available to date demonstrate that periodontal therapy significantly contributes to glycemic control in patients with T2DM, especially in patients with higher baseline glycated hemoglobin (HbA1c) levels (Mirza et al., 2019; Chen et al., 2021; Simpson et al., 2022). However, clinical trials comparing the two types of periodontal therapies proposed in this study are controversial. Thus, the hypothesis of this study is to define whether there is superiority between the periodontal techniques used regarding the periodontal parameters and to verify whether there is an improvement in the patient's glycemic control in the short term, assisting in the choice of periodontal treatment for the diabetic patient.

2. material and methods 

This was a randomized, split-mouth, double-blind clinical trial in type 2 diabetic patients with periodontal disease. This study was authorized by the Human Research Ethics Committee of the Western Paraná State University (UNIOESTE), under opinion 49535421.6.0000.0107. It is registered in the Brazilian Clinical Trials Registry (ReBEC) platform under identifier RBR-7xnnb4z . All participants were informed about the potential benefits and risks of participating in the study and signed the Informed Consent Form (ICF). The research was carried out at a Family Health Unit in the city of Cascavel and also at the Dental Clinic of UNIOESTE, in the same city. Patients were screened using the following criteria:
Inclusion criteria:
a) Diagnosis of Type 2 Diabetes Mellitus with last glycated hemoglobin (Hba1c) test > 7%;
b) Age between 25 and 65 years;
c) Presence of at least four teeth in the oral cavity, with at least one element per hemiarch (excluding third molars);
d) Diagnosis of periodontitis Stage III or IV Grade C (bilateral periodontal pockets with CAL greater than or equal to 5 mm).

Exclusion criteria:
a) Diagnosis of type 1 Diabetes Mellitus;
b) Totally edentulous;
c) Pregnant and lactating women;
d) Regular use (for 14 days or more) of antibiotics, anti-inflammatories and immunosuppressants in the last 90 days;
e) Periodontal treatment in the last 180 days;
f) Using orthodontic appliances;
g) Smokers;
h) Undergoing treatment for neoplasms.

For sample calculation, the Bioestat 5.3 program (University of Bauru) was used to detect a clinically significant difference (of at least 0.5) in probing depth (ordinal categorical variable) between the groups, with an alpha error of 5%, test power of 80% and sigma of 5%, based on previously published data (Mirza et al., 2019; Zampiva et al., 2019).  N of 20 patients was obtained, already considering possible losses during the study.
Twenty patients were selected according to the inclusion criteria. The study was a split-mouth study with contralateral teeth, with periodontal pockets of at least 5 mm. Each side received one of the following treatments: SRP or SRP associated with multiple applications of aPDT, according to sealed envelopes with randomization of the sides.
Patients were instructed at the beginning of their participation that the study would be divided into 5 visits, described below:
1) Initial consultation: Anamnesis, clinical examination, request for laboratory tests, prescription of antibiotic prophylaxis and oral hygiene instructions.
2) Periodontal therapy: Periogram, collection of gingival crevicular fluid for quantification, scaling and root planing and application of photodynamic therapy session 1 (0 days).
3) Second application of aPDT after 7 days.
4) Third application of aPDT after 14 days. Antibiotic prophylaxis was prescribed for the next appointment.
5) 90-day reassessment: Periodontal examination, prophylaxis, collection of gingival crevicular fluid, request for laboratory tests and reinforcement of oral hygiene instructions.

An anamnesis questionnaire was applied to each patient, aiming to obtain information about systemic and oral health, confirming the information obtained initially and adding new information when necessary in each subsequent session. After performing the periodontal chart during the reassessment period, there was a new SRP in the remaining periodontal pockets, justifying the prescription of antibiotic prophylaxis prior to the session.
Examiner calibration consisted of two measurements of periodontal parameters in the same patient within 15 days (Kappa value = 0.9). The calibrated examiner recorded the following clinical periodontal parameters at six sites/tooth, excluding third molars and dental implants, using a periodontal millimeter probe: probing depth (PD), clinical attachment level (CAL), bleeding on probing (BoP), and plaque index (PI).
All patients received basic periodontal treatment and oral hygiene instruction. Periodontal treatment was performed by a single operator, through supragingival and subgingival scaling and root planing of all tooth surfaces, with manual and ultrasonic instrumentation under local anesthesia, when necessary. Gracey 5/6, 7/8, 11/12 and 13/14 periodontal curettes (Millennium®, São Paulo, Brazil) were used for manual instrumentation, and a piezoelectric device (Dabi Atlante®, São Paulo, Brazil) was used for ultrasonic instrumentation.
After complete subgingival mechanical debridement in the first session, the periodontal pockets randomized to receive the aPDT were irrigated with 0.9% saline solution. With the region clean and dry, relative isolation of the surgical field was performed. Then, the photosensitive substance Methylene Blue 0.01% (Manipulated - Farmácia Chamomila®, Cascavel, Brazil) was applied with the aid of a 1ML insulin syringe and an 8X0.3mm needle (Descarpack® , São Paulo, Brazil ) from the bottom of the pocket to the gingival margin with a quantity sufficient for small extravasation (Figure 1 – A). After 5 minutes, abundant irrigation of the pockets with saline solution was performed to remove excess dye. Then, the stained area was irradiated with a low-power laser at a wavelength of 660 nm (Laser Duo - MMO®, São Paulo, Brazil), using a fiber optic probe (MMO®, São Paulo, Brazil) (Figure 1 – B). Irradiation was performed on six sites of each tooth for 10 seconds, totaling 60 seconds per tooth (list 1). All teeth with pockets equal to or greater than 5 mm in that hemiarch received the same procedure. After laser application, the teeth were irrigated with saline solution to completely remove the product. The applications of TFDa were repeated after 7 and 14 days (Claudio et al ., 2021).
Sham procedure was performed concomitantly on the contralateral teeth that did not receive aPDT. In the control teeth, the periodontal pockets were irrigated with saline solution and the laser application was simulated.

list 1 - Specifications of antimicrobial photodynamic therapy parameters:
	Dye
	Methylene Blue 10mg/ml

	Laser Type
	Diode (InGaAIP)

	Wave-length
	660 nm (red)

	Device power
	100mW

	Dose
	200 J/cm²

	Total energy
	6 J

	Application mode
	Via gingival sulcus (fiber optic)

	Application type
	Punctual (10 seconds per site)

	Optical fiber length
	38mm

	Time
	60 seconds/tooth

	Number of sessions
	3 sessions (0, 7 and 14 days)



Prior to the start of periodontal treatment, each patient was asked to perform the following tests: glycated hemoglobin (HbA1c), fasting blood glucose (FBG) and lipid profile, which were repeated again 90 days after periodontal treatment.
	To quantify gingival crevicular fluid (GCF), three collections were performed bilaterally per patient at the sites with the greatest probing depth. Sterile absorbent paper tips, 28 mm, size 40 (Tanari®, Amazonas, Brazil) were inserted below the gingival margin for 30 seconds (Figure 1 – C). The paper strips were immediately placed in a 0.2% ninhydrin alcohol solution for 1 minute. The strips were photographed and analyzed with a computer program (Image Pro Plus® Version 6.0, Media Cybernetics, Silver Spring, MD, USA) to determine the amount of fluid absorbed in mm2 ( Lagos et al. , 2011).
[image: ]
Figure 1 – A: The first image exemplifies the application of AM in the periodontal sulcus. B: The second image shows the insertion and activation of the low-power laser. C: The third image exemplifies the collection of gingival crevicular fluid with an absorbent paper cone.

Statistical analyses were performed using GraphPad Prism 8.0 software. The Shapiro-Wilk test was used to check normality. For parametric data, the paired t-test was used to compare the two treated sides. For non-parametric data, the Wilcoxon test was used. Differences between the two experimental times within the same group were analyzed using one-way analysis of variance. A significance level of 5% (p<0.05) was adopted.

3. results and discussion

Twenty patients were included in the study, 13 females and 7 males, with mean age of 48.8 years ± 9.98 . The mean time since diagnosis of type 2 DM was 12.9 years ± 12.4 . All individuals were using oral medication to control DM 2. In addition to oral medication, 7 patients were concomitantly using insulin. The mean body mass index (BMI) in the patients was 31.85 kg/m 2 ± 4.60 , characterized as obesity grade I.
Table 1 shows the clinical parameters evaluated at baseline and at the 90-day reassessment. There was reduction in the periodontal parameters: probing depth and clinical attachment level at 90 days when compared to the initial period but with no difference between the side treated with SRP alone and the side treated with SRP + aPDT, demonstrating that both treatments are effective in improving the periodontal condition. There was no change in the plaque index between two proposed treatments, comparing baseline and 90-day reassessment. The bleeding index on probing showed a statistically significant difference between the SRP side and the SRP + aPDT side at the initial evaluation. Due to this, there was a reduction in the BoP on the SRP + aPDT side when comparing the baseline and the 90-day period.

Table 1 – Periodontal clinical parameters of each group and period. 
	
	
	Baseline
	90 days

	PD (mm)
	SRP
SRP + aPDT
	5.319 ± 0.556 A
5.318 ± 0.424 A
	3.234 ± 0.854 B
3.413 ± 0.815 B

	CAL (mm)
	SRP
SRP + aPDT
	5.899 ± 0.908 A
5.976 ± 1.545 A
	3.701 ± 1.128 B
4.296 ± 1.723 B

	BoP (%)
	SRP
SRP + aPDT
	39.8% ± 8,16 A
53.3% ± 8,18 B
	28.6% ± 7,58 A
26.1% ± 6,63 A

	PI (%)
	SRP
SRP + aPDT
	51.9% ± 11,8
50.5% ± 11,2
	40.8% ± 12,5
33.2% ± 10,8


Different capital letters represent statistically significant difference (one-way ANOVA, P=.05).

Table 2 shows the evaluation of gingival crevicular fluid in the treatment groups over a period of 90 days. In this study, it was observed that there was  significant decrease in the amount of gingival crevicular fluid in the SRP+aPDT group after 90 days.

	Groups
	SRP

	SRP+aPDT

	Baseline
	7.91 ± 4.53 A
	8.02 ± 3.08 A

	90 days
	5.59 ± 5.56 A
	4.84 ± 2.87 B


Table 2– Gingival Crevicular Fluid measurements in both groups at baseline and 90 days.









Different capital letters represent statistically significant difference (one-way ANOVA, P = .05).
Table 3 shows the results of the following laboratory tests: glycated hemoglobin, fasting blood glucose, triglycerides, total cholesterol, HDL and LDL cholesterol levels. There was a statistically significant reduction only in the glycated hemoglobin value at 90 days when compared to the initial value. The other laboratory tests did not show a statistically significant difference, but showed a tendency to improve after treatment in the 90-day reassessment.

Table 3 – Baseline and 90-day laboratory results.
	
	Baseline
	90 days

	Fasting blood glucose
	199.5 ± 63.3
	167 ± 46.6

	HbA1c
	9.52 ± 1.69
	7.94 ± 1.41 *

	Total cholesterol
	178.8 ± 28.5
	172.7 ± 42.1

	HDL cholesterol
	42.5 ± 6.59
	40.6 ± 11.5

	LDL cholesterol
	107.1 ± 26.7
	96.4 ± 32.4

	Triglycerides
	170.8 ± 71.9
	162.3 ± 86.6


Different symbols (*): statistically different data (P = .05).
T2DM and periodontitis have a well-documented bidirectional relationship in many reviews and epidemiological studies (Wu et al., 2020). Periodontitis is recognized as the sixth complication of DM. Thus, periodontitis influences glycemic control, being a risk factor for the development of other DM complications. This interrelationship is caused by several complex mechanisms, determined by both common etiopathogenic factors and overlapping phenomena due to high prevalence characteristics (Lalla & Papapanou, 2011).
The studies available to date demonstrate that periodontal therapy contributes significantly to glycemic control in patients with T2DM, especially in patients with higher baseline HbA1c levels (Al-Zahrani et al., 2009; Ramos et al., 2016; Mirza et al., 2019). However, the existing clinical trials comparing the two types of periodontal therapies proposed in our study were controversial. Thus, the objective of this study was to determine whether there is superiority between the periodontal techniques used in the patient's periodontal parameters, which could define a standard in periodontal treatment for diabetic patients. Controlling these two diseases can help prevent the development of complications related to them.
Wu et al.’s 2020 study, a systematic review and meta-analysis involving 11,459 participants, revealed a significant association between type 2 diabetes mellitus (T2DM) and periodontitis. The authors concluded that T2DM may increase the risk of developing periodontitis by 34% (P = .002). The study also explored the reverse association, finding that severe periodontitis increased the risk of T2DM by 53% (P = .000), while mild periodontitis had a less pronounced effect (relative risk (RR) = 1.28, P = .007).
The main objective of periodontal therapy is the removal of sub- and supragingival biofilm and calculus, with consequent reduction of the periodontal inflammatory burden, reestablishment of homeostasis of periodontium tissues and stabilization of the progression of periodontal disease (Bezerra et al., 2022). For this, the periodontal therapy known as the gold standard is scaling and root planing. Impaired healing observed in diabetic patients can affect the results of periodontal treatment and may require an additional approach (Ko et al., 2020). Previous studies suggest that mechanical periodontal debridement alone may not be sufficient to achieve a periodontopathogenic profile compatible with health in diabetic individuals (Grellmann et al, 2016). This may increase the chances of unsuccessful therapy, especially in deep periodontal pockets, furcations and complex pockets. Antimicrobial photodynamic therapy (PDT) is a local approach that can promote bacterial decontamination in periodontal pockets, acting as an adjunctive therapy to ARR.
A split-mouth clinical study by Feng et al. in 2021 concluded that the use of adjunctive Er:YAG laser in non-surgical periodontal therapy of patients with inadequately controlled type 2 diabetes mellitus was more effective in reducing periodontal parameters. A reduction in fasting blood glucose and HbA1c values was also observed. In controversy, in the study by Demirturk-Gocgun et al. (2017), the use of low-level laser associated with non-surgical periodontal therapy did not show a superior effect to periodontal therapy alone in type 2 diabetic individuals.
Our study did not detect statistically significant differences in the clinical parameters evaluated when the SRP group was compared to the SRP + aPDT group in a short period of time (90 days). However, in the intragroup comparison, both groups showed statistically significant changes in clinical parameters, which demonstrates that the application of photodynamic therapy in the protocol suggested in our study did not present additional benefits to SRP for the treatment of chronic periodontitis in decompensated type 2 diabetic patients. This result is similar to that found in three other studies that aimed to evaluate the effect of aPDT on the periodontal tissues of diabetic individuals, but with differences in the low-power laser application protocols (Zarahni, 2009, Macedo et al., 2014, Santos et al., 2016).
Regarding the gingival index (GI) and probing depth (PD), when compared between the initial period and 90 days, there were significant results in both groups, as well as in the reduction in the clinical attachment level (NIC), demonstrating an effective action of photodynamic therapy (Table 1). However, when comparing the groups in this parameter, there was no significant predominance among them. In the study carried out by Al-Zawawi et al. (2020), similarly, there was a reduction in the GI and PD parameters in non-diabetic patients after scaling and root planing and photodynamic therapy. In comparison, in the present study, the decrease in these parameters was evidenced in patients with type 2 diabetes mellitus, that is, patients who present a worse clinical manifestation of periodontitis.
In the bleeding on probing (BoP) parameter, in comparison between the initial period and 90 days of both groups, significantly better results were obtained (p<0.05). There was no significant difference between the compared groups. In a similar study carried out by Barbosa et al. (2018), bleeding on probing parameters also reduced considerably after 2 and 4 months and similarly to the present study, there were no significant differences between the scaling and root planing groups and those associated with photodynamic therapy. This demonstrates that basic periodontal therapy is sufficient to control gingival inflammation and bleeding and that there are no significant differences when aPDT is introduced to the treatment in a short evaluation period. Furthermore, this result shows the importance of the patient's contribution to the effectiveness of the treatment with daily control of bacterial plaque.
The results of the present clinical study are in agreement with previous research comparing therapeutic modalities (Al-Zahrani et al., 2009; Ramos et al., 2016). It is noteworthy that in these aforementioned studies, periodontal clinical parameters also showed satisfactory results in the groups in which only manual instrumentation was performed. Furthermore, in the study by Al-Zahrani et al. (2009), which compared an additional group using systemic antimicrobial doxycycline, a greater reduction in serum glycosylated hemoglobin levels was demonstrated, corroborating our study, which did not use any antimicrobial and excluded patients who used antibiotic therapy in the months prior to the study. This could be considered an important key factor suggesting that antimicrobials can be used to reduce serum glycosylated hemoglobin values ​​in patients with type 2 diabetes mellitus (Mirza et al., 2019).
A study by Claudio et al. (2021) demonstrated that the use of multiple sessions of PDT as adjuvant therapy in the periodontal treatment of decompensated diabetic patients with periodontitis promotes benefits, when compared to the group that received only scaling and root planing, over a long period of time (180 days). Our study, being short -term, may have made it difficult to see more evident results when comparing treatments. Therefore, we suggest the need for clinical trials with longer follow-up.
Regarding the results presented it was also observed that there was a statistically significant decrease in the amount of gingival crevicular fluid after 90 days in the SRP + APDT group, demonstrating the superiority of this treatment in reducing inflammation in a short period of time (Table 2). Therefore, this result suggests that three applications of PDT may provide additional benefits to periodontal treatment, considering the reduction in the amount of gingival crevicular fluid. In a recent study (Al-Zawawi et al., 2020), the authors found that after mechanical removal of plaque from the gingival sulcus and application of PDT, the resulting reaction eliminated pathogenic bacteria in all aspects of the therapy, facilitating the healing of periodontal tissues. In a study by Akansel et al. (2023) carried out in diabetic and non-diabetic patients with periodontal disease, the authors presented results that revealed the short-term impacts of PDT on periodontal healing, observing superior efficacy in periodontal parameters in diabetic patients. Therefore, it can be speculated that PDT may have a very short-term anti-inflammatory contribution to basic periodontal treatment, only in impaired healing conditions, such as in patients with diabetes mellitus.
We observed a reduction in glycated hemoglobin levels in the short-term follow-up after non-surgical periodontal therapy, corroborating results already seen in meta-analyses (Preshaw et al., 2011). In 2010, the international Cochrane network reported studies that investigated the relationship between periodontal treatment and glycemic control in people with diabetes. The studies included in this meta-analysis reported a significant reduction in HbA1c of 0.40% 90 to 120 days after conventional periodontal therapy . Furthermore, we observed a trend of improvement in the other laboratory parameters evaluated in our study after periodontal therapy (Table 3). Since periodontal disease is characterized as an immunoinflammatory disease that begins in response to a microbial challenge, it is plausible to suggest that the inflammatory mediators present in periodontal disease may also influence the systemic inflammatory burden (Carrizales-Sepúlveda et al.,2018; Dalacqua, 2019).

4. Conclusion

We can conclude that in a short period of follow-up there was an improvement in the periodontal clinical condition, but there was no predominance in the clinical parameters, despite the reduction of gingival crevicular fluid, with the use of photodynamic therapy associated with scaling and root planing compared to only scaling and root planing in diabetic patients.
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