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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Aim: This study aimed to evaluate the effects of photodynamic 

laser therapy (PDT) on the condition of gingiva and dental 
plaque in patients with fixed orthodontic appliances (FOA) at 
various time intervals during orthodontic treatment.

Methodology: This research is a randomized controlled trial 
involving 60 patients with fixed orthodontic appliances, divided 
into two groups of 30 each. The first group served as the control, 
while the second group received the photodynamic treatment. 
Assessments of gingival and plaque conditions were conducted 
at two different time intervals. On the first day (T1), the gingival 
condition and dental plaque levels were evaluated using the 
gingival index (GI) and the dental plaque index (DPI) based on 
the Löe-Sillness and Sillness-Löe indexes. The test group was 
administered PDT with methylene blue, while the control group 
did not receive laser activation. On the 30th day (T2), gingival 
and plaque conditions were re-evaluated using the GI and DPI. 
Results were analyzed with SPSS, using independent samples 
t-tests and repeated measures ANOVA.

Results: In T1, the gingival condition according to GI in the 
test group was 50% mild inflammation, 36.7% normal, and 
13.3% moderate inflammation. In T2, it shifted to 50% normal, 
43.3% mild, and 6.7% moderate inflammation. Dental plaque 
at T1 according to DPI: 40% had film on the gingival margin, 
36.7% moderate deposits in pocket, 16.7% no plaque, and 6.7% 
abundant soft matter. At T2: 56.7% film on margin, 30% no 
plaque, 13.3% moderate deposits in pocket. ANOVA revealed 
significant differences in GI and DPI (p < 0.05).

Conclusions: PDT with methylene blue demonstrates a 
statistically significant improvement in gingival health and 
reduction in dental plaque accumulation in patients undergoing 
FOA. This suggests that PDT could be a valuable adjunct to 
traditional oral hygiene practices for managing gingivitis and 
plaque-related issues in orthodontic patients.

Key words. Photodynamic therapy, gingival index, dental 
plaque index, fixed orthodontic appliances.
Introduction.

As awareness of facial aesthetics continues to rise, there 
has been a marked increase in patients pursuing orthodontic 
treatment. Various orthodontic devices, ranging from clear 
aligners to braces, are available [1]. However, due to recent 
concerns regarding the potential drawbacks of clear aligners [2-
4], fixed orthodontic appliances (FOA) are often regarded as the 
preferred option for many patients [5].

FOA are extensively utilized to correct malocclusions 
and enhance both dental aesthetics and functionality [6,7]. 

However, research indicates that the presence of dental 
appliances, particularly orthodontic devices, in the oral cavity 
over time significantly alters the oral microflora, leading to an 
increased prevalence of periodontal pathogens that can have 
both systemic and local effects on patients [8-11]. Additionally, 
FOA can hinder routine oral hygiene, resulting in greater 
accumulation of dental plaque and an elevated risk of gingival 
inflammation and periodontal disease. The brackets, wires, and 
other components of these appliances create additional surfaces 
and niches conducive to bacterial colonization, complicating 
effective plaque control for both patients and clinicians [12,13].

Gingivitis, characterized by inflammation of the gingival 
tissues, is a common complication encountered during 
orthodontic treatment. If not adequately managed, it may 
progress to periodontitis, thereby jeopardizing both periodontal 
health and orthodontic outcomes [14]. Conventional mechanical 
plaque control methods, such as tooth brushing and interdental 
cleaning, frequently prove insufficient for patients with fixed 
appliances, highlighting the need for adjunctive therapies to 
enhance oral hygiene and prevent periodontal complications 
[15].

Photodynamic therapy (PDT) has emerged as a promising 
adjunctive treatment for managing various oral diseases, 
including periodontal and peri-implant infections. PDT involves 
the application of a photosensitizing agent, such as methylene 
blue, followed by activation with a specific wavelength of light. 
This process generates reactive oxygen species that selectively 
eliminate pathogenic microorganisms while preserving 
surrounding tissues [16]. Recent studies have indicated the 
potential of PDT to reduce microbial load and inflammation in 
periodontal tissues; however, its effectiveness in orthodontic 
patients remains inadequately explored [17,18].

Given the unique challenges faced by individuals with FOA, 
there is an increasing interest in assessing the benefits of PDT 
as a complement to conventional oral hygiene practices for 
this population. While various methodologies have recently 
enhanced dental care for patients with FOA [19,20], the 
current study aimed to evaluate the effects of photodynamic 
laser therapy on gingival health and plaque accumulation at 
various time intervals during orthodontic treatment, utilizing 
standardized clinical indices.
Materials and Methods.

Study design and Ethics: This study employed a randomized, 
controlled, parallel-group trial design to evaluate the efficacy 
of PDT as an adjunct to oral hygiene in patients undergoing 
fixed orthodontic treatment. The study was conducted between 
September 2020 and September 2024, following ethical 



187

approval from the Ethics Committee of the Faculty of Medicine, 
University of Prishtina, Prishtina, Kosovo. All participants 
provided written informed consent prior to enrollment.
Participants:

A total of 60 patients with fixed orthodontic appliances were 
recruited and randomly allocated to either the PDT group (n = 
30) or the control group (n = 30). Randomization was performed 
using the AUSVET random number generator (epitools.ausvet.
com.au).  To maintain blinding, only the principal investigator 
(examiner) was aware of group assignments. 

The sample size was calculated using epitools (https://epitools.
ausvet.com.au/twomeanstwo) based on means and standard 
deviations of plaque index from a study conducted by Alam et 
al. [21]. A power of 80% and a 95% confidence level were used 
for the calculation in this single-blind method.

The inclusion criteria in the study were: patients over the age 
of 18, patients with fixed orthodontic therapy, patients who 
agree to participate in the study and complete the study protocol. 
The exclusion criteria from the study were: patients under the 
age of 18, patients without fixed orthodontic therapy, pregnant 
and lactating women and mothers who breastfeed, patients with 
chronic diseases, patients who are taking antibiotics in the last 
10 days, patients who have undergone maxillofacial surgical 
interventions, patients who are taking xylitol products in the 
last 10 days.
Evaluation of Periodontal parameters and photodynamic 
laser therapy applications:

Assessments of gingival and plaque conditions were conducted 
at two different time intervals, we also did an intra-examiner 
calibration with a different group of patients. On the first day 
(T1), the gingival condition and dental plaque levels were 
evaluated using the gingival index (GI) and the dental plaque 
index (DPI) based on the Löe-Sillness and Sillness-Loe indexes. 
On the 30th day (T2), gingival and plaque conditions were re-
evaluated using the GI and DPI. 

In this research we used the gingival index (GI) and the dental 
plaque index (DPI) based on the Loe-Sillness and Sillness-Loe 
indexes.

The Löe Silness gingival index is used to determine the 
condition of the gingival tisues, and has values from 0 to 3. 0 – 
healthy gums (light pink color, granular structure, papillae are 
in the interdental space and do not protrude beyond it);1 – mild 
inflammation (slightly reddened gingival margin, edema and 
increased gingival exudate, but no bleeding from the gums); 2 – 
moderate inflammation (reddened gingiva, edema and increased 
free gingiva, bleeding on probing); 3 – severe inflammation 
(very reddened and greatly enlarged gingiva) [22].

The Silness Löe plaque index is used to determine the condition 
of the debris aggregates. and has values from 0 to 3.0 - No 
plaque in the gingival area; 1 - A film of plaque adhering to the 
free gingival margin and adjacent area of the tooth. The plaque 
may only be recognized by running a probe across the tooth 
surface; 2 - Moderate accumulation of soft deposits within the 
gingival pocket, on the gingival margin and/or adjacent tooth 
surface, which can be seen by the naked eye, 3 - Abundance 
of soft matter within the gingival pocket and/or on the gingival 
margin and adjacent tooth surface [22].

The test group was administered PDT with methylene blue 
while using a Laser Diode with a wavelength of 660 nm and a 
power of 10 mW, that emits red light, for one minute [23]. The 
photosynthesizing substance is methylene blue 1%. We applied 
this substance to all tooth surfaces and soft tissues of all teeth 
with fixed therapy (gingiva and gingival crevice). Since the 
Control group is a placebo, the laser was not activated but only 
passed through the teeth and gingiva for 1 minute, while in the 
Test group the laser was activated for 1 minute, passing through 
all teeth and the gingiva of all teeth.
Statistical analysis:

Statistical analysis was performed using SPSS (IBM Corp., 
Armonk, NY, USA). Descriptive statistics (mean, standard 
deviation, median, interquartile range, frequencies, and 
percentages) were used to summarize the data. The normality 
of data distribution was assessed using Shapiro-Wilk test. 
Independent Samples T-tests were used to compare GI and PI 
scores between the PDT and control groups at each time point 
(T1 and T2). To analyze changes in GI and PI scores over time 
within each group and between groups, a repeated measures 
ANOVA was performed, with time (T1 and T2) as the within-
subjects factor and treatment group (PDT or control) as the 
between-subjects factor.
Results.

From the whole number of patients 68.3% were Female. The 
youngest patients examined was 19 years old, while the oldest 
was 38 years old, the mean age of the participants was 24.4±4.3. 

In Table 1 we see the gender representation according to the 
group age of the patients. In the male patients you can see that 
the group age from 18 to 20 years old and 21 to 25 years old 
were represented each by 36.8%, while the group age of 26 to 
30 years old were represented by 26.3%

In the female gender we see that 46.3% of the patients were 
in the group age from 21 to 25 years old, 26.8% in the group 
age 26 to 30 years old, with a percentage of 17.1 we found the 
participation of 18 to 20 years old, while the two group ages 31 
to 35 years old and 36 to 40 years old were represented each by 
4.9%.

In table 2 we have divided the GI according to control or testing 
group, on the first day of examination T1, before photodynamic 
therapy application. In the control group we found that 60% 
from the total number of examined had mild inflammation, 
while 30% had normal gingiva and only 10% of the examined 
patients had moderate inflammation. In the test group 50% 
of the examined had mild inflammation, 36.7% had normal 
gingiva and only 13.3% had moderate inflammation. We found 
no significant difference for p<0.05 using the Independent 
Samples T-Test.

In table 3 we see the GI values after 30 days after photodynamic 
therapy. We see similar percentage in the control group 60% 
mild inflammation, 30% normal gingiva and 10 % moderate 
inflammation, while in the testing group we see a difference 
where 50% of the examined have shown normal gingiva, 43.3% 
mild inflammation and 6.7% moderate inflammation. Even after 
this change we found no significant difference for p<0.05 using 
the Independent Samples T-Test.
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Gender according to group age

 
Group Age

TotalFrom 18 to 20 
years old

From 21 to 25 
years old

From 26 to 30 
years old

From 31 to 35 
years old

From 36 to 40 
years old

Gender

Male

Count 7 7 5 0 0 19
% within 
Gender 36.8% 36.8% 26.3% 0.0% 0.0% 100.0%

% within 
Group Age 50.0% 26.9% 31.3% 0.0% 0.0% 31.7%

% of Total 11.7% 11.7% 8.3% 0.0% 0.0% 31.7%

Female

Count 7 19 11 2 2 41
% within 
Gender 17.1% 46.3% 26.8% 4.9% 4.9% 100.0%

% within 
Group Age 50.0% 73.1% 68.8% 100.0% 100.0% 68.3%

% of Total 11.7% 31.7% 18.3% 3.3% 3.3% 68.3%

Total

Count 14 26 16 2 2 60
% within 
Gender 23.3% 43.3% 26.7% 3.3% 3.3% 100.0%

% within 
Group Age 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

% of Total 23.3% 43.3% 26.7% 3.3% 3.3% 100.0%

Table 1. Gender according to group age.

Gingival Index according to Loe Sillness compared to intervene group T1

 
Gingival Index according to Loe Sillness

TotalNormal 
Gingiva Mild Inflammation Moderate Inflammation

Group

Control

Count 9 18 3 30
% within Group 30.0% 60.0% 10.0% 100.0%
% within Gingival 
Index according to 
Loe Sillness

45.0% 54.5% 42.9% 50.0%

% of Total 15.0% 30.0% 5.0% 50.0%

Test

Count 11 15 4 30
% within Group 36.7% 50.0% 13.3% 100.0%
% within Gingival 
Index according to 
Loe Sillness

55.0% 45.5% 57.1% 50.0%

% of Total 18.3% 25.0% 6.7% 50.0%

Total

Count 20 33 7 60
% within Group 33.3% 55.0% 11.7% 100.0%
% within Gingival 
Index according to 
Loe Sillness

100.0% 100.0% 100.0% 100.0%

% of Total 33.3% 55.0% 11.7% 100.0%

Table 2. Gingival Index according to Loe Sillness compared to intervene group T1.

In Table 4 and 5 we see the differences in the values obtained 
while comparing the effect of photodynamic therapy or control 
in the GI, we compared the results of the two examined times 
T1 and T2 according to the intervened group, using repeated 
measures data with Anova, where we found significant 
differences for p<0.05. This difference was found in all the 
patients since all participants improved after the intervention, but 
also in the factor and group interaction, where the intervention 
had different effects by group, where this difference is significant 
by p=0.009 as shown on table 4. When we compared the overall 
differences in periodontal index between groups, regardless 

of group we found no significant difference in the periodontal 
index between the intervention and control groups overall, as 
shown on table 5.

In T1 we evaluated the DPI before photodynamic therapy/
placebo application, as shown in table 6. In this timeline after 
DPI in the control group we found that the film of plaque 
adhering to the free gingival margin was identified in 46.7% of 
the patients, moderate accumulation of soft deposits within the 
gingival pocket was found in 30% of the patients, 16.7% had no 
plaque and abundance of soft matter within the gingival pocket 
was found in 6.7% of the patients. While in the test group we 
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Gingival Index according to Loe Sillness compared to intervene group T2

 
Gingival Index according to Loe Sillness B

TotalNormal 
Gingiva Mild Inflammation Moderate Inflammation

Group

Control

Count 9 18 3 30
% within Group 30.0% 60.0% 10.0% 100.0%
% within Gingival 
Index according to 
Loe Sillness after

37.5% 58.1% 60.0% 50.0%

% of Total 15.0% 30.0% 5.0% 50.0%

Test

Count 15 13 2 30
% within Group 50.0% 43.3% 6.7% 100.0%
% within Gingival 
Index according to 
Loe Sillness after

62.5% 41.9% 40.0% 50.0%

% of Total 25.0% 21.7% 3.3% 50.0%

Total

Count 24 31 5 60
% within Group 40.0% 51.7% 8.3% 100.0%
% within Gingival 
Index according to 
Loe Sillness after

100.0% 100.0% 100.0% 100.0%

% of Total 40.0% 51.7% 8.3% 100.0%

Table 3. Gingival Index according to Loe Sillness compared to intervene group T2.

Tests of Within-Subjects Effects
Measure: 

Source Type III Sum 
of Squares df Mean Square F Sig. Partial Eta 

Squared

factor1

Sphericity Assumed 0.300 1 0.300 7.250 0.009 0.111
Greenhouse-Geisser 0.300 1.000 0.300 7.250 0.009 0.111
Huynh-Feldt 0.300 1.000 0.300 7.250 0.009 0.111
Lower-bound 0.300 1.000 0.300 7.250 0.009 0.111

factor1 * Group

Sphericity Assumed 0.300 1 0.300 7.250 0.009 0.111
Greenhouse-Geisser 0.300 1.000 0.300 7.250 0.009 0.111
Huynh-Feldt 0.300 1.000 0.300 7.250 0.009 0.111
Lower-bound 0.300 1.000 0.300 7.250 0.009 0.111

Error(factor1)

Sphericity Assumed 2.400 58 0.041      
Greenhouse-Geisser 2.400 58.000 0.041      
Huynh-Feldt 2.400 58.000 0.041      
Lower-bound 2.400 58.000 0.041      

Table 4. Tests of Within-Subjects Effects.

Tests of Between-Subjects Effects
Measure: 
Transformed Variable: 

Source Type III Sum of 
Squares df Mean Square F Sig. Partial Eta Squared

Intercept 64.533 1 64.533 85.196 0.000 0.595
Group 0.533 1 0.533 0.704 0.405 0.012
Error 43.933 58 0.757      

Table 5. Tests of Between-Subjects Effects.
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found that the film of plaque adhering to the free gingival margin 
was identified in 40% of the patients, moderate accumulation 
of soft deposits within the gingival pocket was found in 36.7% 
of the patients, 16.7% had no plaque and abundance of soft 
matter within the gingival pocket was found in 6.7% of the 
patients. We found no significant difference for p<0.05 using 
the Independent Samples T-Test.

In T2 we evaluated the DPI 30 days after photodynamic 
therapy/placebo application, as shown in table 7. In this timeline 
after DPI in the control group we found that the film of plaque 
adhering to the free gingival margin was identified in 53.3% of 
the patients, moderate accumulation of soft deposits within the 
gingival pocket was found in 30% of the patients, 16.7% had no 
plaque. While in the test group we found that the film of plaque 

Plaque Index according to Loe Sillness compared to intervene group T1

 

Plaque Index according to Loe Sillness

TotalNo plaque in 
the gingival 
area

Film of plaque 
adhering to the 
free gingival 
margin

Moderate 
accumulation of soft 
deposits within the 
gingival pocket

Abundance of soft 
matter within the 
gingival pocket

Group

Control

Count 5 14 9 2 30
% within Group 16.7% 46.7% 30.0% 6.7% 100.0%
% within Plaque 
Index according 
to Loe Sillness

50.0% 53.8% 45.0% 50.0% 50.0%

% of Total 8.3% 23.3% 15.0% 3.3% 50.0%

Test

Count 5 12 11 2 30
% within Group 16.7% 40.0% 36.7% 6.7% 100.0%
% within Plaque 
Index according 
to Loe Sillness 

50.0% 46.2% 55.0% 50.0% 50.0%

% of Total 8.3% 20.0% 18.3% 3.3% 50.0%

Total

Count 10 26 20 4 60
% within Group 16.7% 43.3% 33.3% 6.7% 100.0%
% within Plaque 
Index according 
to Loe Sillness

100.0% 100.0% 100.0% 100.0% 100.0%

% of Total 16.7% 43.3% 33.3% 6.7% 100.0%

Table 6. Plaque Index according to Loe Sillness compared to intervene group T1.

Plaque Index according to Loe Sillness compared to intervene T2

 

Plaque Index according to Loe Sillness after

TotalNo plaque in the 
gingival area

Film of plaque 
adhering to the free 
gingival margin

Moderate accumulation 
of soft deposits within 
the gingival pocket

Group

Control

Count 5 16 9 30
% within Group 16.7% 53.3% 30.0% 100.0%
% within Plaque 
Index according to 
Loe Sillness after

35.7% 48.5% 69.2% 50.0%

% of Total 8.3% 26.7% 15.0% 50.0%

Test

Count 9 17 4 30
% within Group 30.0% 56.7% 13.3% 100.0%
% within Plaque 
Index according to 
Loe Sillness after

64.3% 51.5% 30.8% 50.0%

% of Total 15.0% 28.3% 6.7% 50.0%

Total

Count 14 33 13 60
% within Group 23.3% 55.0% 21.7% 100.0%
% within Plaque 
Index according to 
Loe Sillness after

100.0% 100.0% 100.0% 100.0%

% of Total 23.3% 55.0% 21.7% 100.0%

Table 7. Plaque Index according to Loe Sillness compared to intervene T2.



191

adhering to the free gingival margin was identified in 56.7% of 
the patients, 30% had no plaque, and moderate accumulation 
of soft deposits within the gingival pocket was found in 13.3% 
of the patients. We found no significant difference for p<0.05 
using the Independent Samples T-Test.

In Table 8 and 9 we see the differences in the values obtained 
while comparing the effect of photodynamic therapy or control 
in the DPI, we compared the results of the two examined times 
T1 and T2 according to the intervened group, using repeated 
measures data with Anova, where we found significant 
differences for p<0.05. This difference was found in all the 
patients since all participants improved after the intervention, but 
also in the factor and group interaction, where the intervention 
had different effects by group, where this difference is significant 
by p=0.009 as shown on table 8. When we compared the overall 
differences in periodontal index between groups, regardless 
of group we found no significant difference in the periodontal 
index between the intervention and control groups overall, as 
shown on table 9.
Discussion.

Our study demonstrated a significant improvement in 
periodontal indices 30 days after photodynamic therapy 
(PDT) in patients with fixed orthodontic appliances. These 
findings align with existing evidence suggesting that PDT, as 
an adjunct to conventional periodontal treatment, effectively 
reduces plaque accumulation and gingival inflammation in this 
patient population. While recent technological advancements, 
particularly in artificial intelligence, are on the rise, patients 
with fixed orthodontic appliances face an increased risk due to 

the challenges associated with maintaining oral hygiene around 
orthodontic brackets [24-29].

The observed reduction in plaque index supports PDT’s 
antimicrobial action against biofilm, which is often exacerbated 
by fixed appliances that hinder mechanical cleaning [24,26]. 
Similarly, the significant decrease in gingival index reflects 
PDT’s anti-inflammatory effects, consistent with reports 
of lowered inflammatory cytokines and improved clinical 
periodontal parameters following PDT [26,28]. Clinical trials 
indicate that PDT as an adjunct to scaling and root planing 
improves clinical parameters such as plaque index, gingival 
index, bleeding on probing, and probing depth more effectively 
than mechanical treatment alone [30]. These improvements are 
attributed to PDT’s ability to selectively destroy periodontal 
pathogens through reactive oxygen species generated by the 
interaction of a photosensitizer and light at a specific wavelength, 
leading to microbial reduction and decreased inflammatory 
cytokines such as IL-6 and TNF-α [30].

Recent studies have also explored the long-term effects of PDT 
in maintaining periodontal health during orthodontic treatment. 
A randomized controlled trial conducted by Malgikar et al. 
demonstrated that patients receiving PDT alongside standard 
oral hygiene practices exhibited sustained improvements in 
periodontal parameters over a six-month follow-up period. 
These findings suggest that PDT not only provides immediate 
inflammation reduction but may also contribute to the 
stabilization of periodontal health, reducing the risk of recurrent 
gingival inflammation in patients with fixed appliances [31].

Beyond its antimicrobial and anti-inflammatory effects, 
emerging research indicates that PDT may promote regenerative 

Tests of Within-Subjects Effects
Measure: 

Source Type III Sum 
of Squares df Mean Square F Sig. Partial Eta 

Squared

factor1

Sphericity Assumed 3.008 1 3.008 16.644 0.000 0.223
Greenhouse-Geisser 3.008 1.000 3.008 16.644 0.000 0.223
Huynh-Feldt 3.008 1.000 3.008 16.644 0.000 0.223
Lower-bound 3.008 1.000 3.008 16.644 0.000 0.223

factor1 * Group

Sphericity Assumed 1.008 1 1.008 5.579 0.022 0.088
Greenhouse-Geisser 1.008 1.000 1.008 5.579 0.022 0.088
Huynh-Feldt 1.008 1.000 1.008 5.579 0.022 0.088
Lower-bound 1.008 1.000 1.008 5.579 0.022 0.088

Error(factor1)

Sphericity Assumed 10.483 58 0.181      
Greenhouse-Geisser 10.483 58.000 0.181      
Huynh-Feldt 10.483 58.000 0.181      
Lower-bound 10.483 58.000 0.181      

Table 8. Tests of Within-Subjects Effects.

Tests of Between-Subjects Effects
Measure: 
Transformed Variable: 

Source Type III Sum of 
Squares df Mean Square F Sig. Partial Eta Squared

Intercept 156.408 1 156.408 162.916 0.000 0.737
Group 0.408 1 0.408 0.425 0.517 0.007
Error 55.683 58 0.960      

Table 9. Tests of Between-Subjects Effects.
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processes within periodontal tissues. A histological study by 
de Almeida et al. revealed increased collagen deposition and 
enhanced periodontal ligament regeneration in sites treated 
with PDT compared to controls [32]. These regenerative effects 
are thought to result from PDT-induced modulation of cellular 
responses, including the promotion of fibroblast proliferation 
and angiogenesis, which may foster tissue healing and stability 
in orthodontic patients [32]. Furthermore, technological 
advances in recent years could play a crucial role in this regard 
[33-35].

The safety profile of PDT continues to be supported by 
recent evidence. A comprehensive analysis by Aebisher et al. 
concluded that PDT is well-tolerated with minimal adverse 
effects, primarily limited to transient mucosal sensitivity. This 
safety aspect is particularly important in orthodontic patients, 
who often require repeated interventions. The non-invasive 
nature of PDT, coupled with its minimal side effects, makes it 
a valuable adjunctive therapy in managing periodontal health 
without compromising patient safety [36].

Cost-effectiveness analyses are increasingly highlighting the 
practical advantages of incorporating PDT into periodontal 
care for orthodontic patients. A study by Elsadek and Farahat 
assessed the economic impact of PDT as an adjunct to 
conventional therapy, finding that it reduces the need for 
extensive periodontal interventions and lowers overall treatment 
costs by preventing periodontal deterioration. These findings 
underscore the potential of PDT not only as an effective clinical 
tool but also as a financially advantageous option for long-
term management of periodontal health in patients undergoing 
orthodontic treatment [37].
Limitations.

While our study demonstrates the benefits of PDT, certain 
limitations should be considered. The sample size was relatively 
small, and future studies with larger cohorts are needed to 
confirm these findings. Furthermore, the follow-up period 
was limited to 30 days. Longer-term studies are necessary 
to evaluate the sustained efficacy of PDT in maintaining 
periodontal health during orthodontic treatment. The study also 
did not explore the effects of different PDT protocols (varying 
photosensitizer concentrations, light parameters), which may 
influence treatment outcomes. Finally, patient compliance 
with oral hygiene instructions was not directly assessed, which 
may influence the observed results. The lack of evaluation 
of participant adherence to oral hygiene practices, including 
brushing and flossing, represents a significant limitation in 
studies investigating the effects of interventions on oral health 
outcomes [38]. This absence of adherence data complicates 
the accurate attribution of observed changes in oral health to 
the intervention itself, as variations in individual oral hygiene 
practices can independently affect these outcomes.
Conclusion.

Our results reinforce the role of PDT as a safe and effective 
adjunctive therapy to improve periodontal health during 
orthodontic treatment, potentially enhancing patient outcomes 
by controlling gingivitis and plaque more efficiently than 
scaling alone. This is particularly relevant given the challenges 

of plaque control in orthodontic patients and the short-term 
nature of inflammation control with conventional methods. 
Future research should focus on larger, multi-center trials with 
longer follow-up periods to further validate these findings and 
optimize PDT protocols for orthodontic patients.
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