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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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 Loe-Sillness and Sillness-Loe 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 DPIL.
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].
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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
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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 Loe-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 Loe 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 Loe 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].
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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.



Table 1. Gender according to group age.

Gender according to group age

From 18 to 20 From 21 to 25 From 26 to 30 From 31 to 35 From 36 to 40 Total

Group Age
years old years o

Count 7 7

o

é)e:cllt:rm 36.8% 36.8%

Male % within
o o 0

Group Age 50.0% 26.9%
Gender % of Total 11.7% 11.7%

Count 7 19

o e

é’e:ézhrm 17.1% 46.3%

Rl % within
o 0 o

Group Age 50.0% 73.1%

% of Total 11.7% 31.7%

Count 14 26

o

é’e:(‘itehrm 23.3% 43.3%

% within 0 o
Total Group Age 100.0% 100.0%

% of Total 23.3% 43.3%

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

Gingival Index according to Loe Sillness compared to intervene group T1

Gingival Index a

Normal
Gingiva

Count 9
% within Group 30.0%
% within Gingival

Control Index accordi%lg to 45.0%
Loe Sillness

o % of Total 15.0%

Count 11
% within Group 36.7%

Test % within qugival
Index according to 55.0%
Loe Sillness
% of Total 18.3%
Count 20
% within Group 33.3%
% within Gingival

Total Index accordiig to 100.0%

Loe Sillness
% of Total 33.3%

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
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1d years old years old years old
5 0 0 19
26.3% 0.0% 0.0% 100.0%
31.3% 0.0% 0.0% 31.7%
8.3% 0.0% 0.0% 31.7%
11 2 2 41
26.8% 4.9% 4.9% 100.0%
68.8% 100.0% 100.0% 68.3%
18.3% 3.3% 3.3% 68.3%
16 2 2 60
26.7% 3.3% 33% 100.0%
100.0% 100.0% 100.0% 100.0%
26.7% 3.3% 3.3% 100.0%
group T1.
ccording to Loe Sillness
. 3 . Total
Mild Inflammation Moderate Inflammation
18 3 30
60.0% 10.0% 100.0%
54.5% 42.9% 50.0%
30.0% 5.0% 50.0%
15 4 30
50.0% 13.3% 100.0%
45.5% 57.1% 50.0%
25.0% 6.7% 50.0%
33 7 60
55.0% 11.7% 100.0%
100.0% 100.0% 100.0%
55.0% 11.7% 100.0%

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



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

Gingival Index according to Loe Sillness compared to intervene group T2

Gingival Index according to Loe Sillness B
N(.)rn.lal Mild Inflammation Moderate Inflammation Total
Gingiva
Count 9 18 3 30
% within Group 30.0% 60.0% 10.0% 100.0%
% within Gingival
Control Index accordiig to 37.5% 58.1% 60.0% 50.0%
Loe Sillness after
Group % of Total 15.0% 30.0% 5.0% 50.0%
Count 15 13 2 30
% within Group 50.0% 43.3% 6.7% 100.0%
Test % within Gingival
Index according to 62.5% 41.9% 40.0% 50.0%
Loe Sillness after
% of Total 25.0% 21.7% 3.3% 50.0%
Count 24 31 5 60
% within Group 40.0% 51.7% 8.3% 100.0%
Total % within Gingival
Index according to 100.0% 100.0% 100.0% 100.0%
Loe Sillness after
% of Total 40.0% 51.7% 8.3% 100.0%
Table 4. Tests of Within-Subjects Effects.
Tests of Within-Subjects Effects
Measure:
Source :fy g(el&g:“m df Mean Square F Sig. gzag:lfta
Sphericity Assumed 0.300 1 0.300 7.250 0.009 0.111
factor] 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
Sphericity Assumed ~0.300 1 0.300 7.250 0.009 0.111
factorl * Group 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
Sphericity Assumed ~ 2.400 58 0.041
Error(factor]) 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 5. Tests of Between-Subjects Effects.
Tests of Between-Subjects Effects
Measure:
Transformed Variable:
Type III Sum of . .
Source df Mean Square F Sig. Partial Eta Squared
Squares
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
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Table 6. Plague Index according to Loe Sillness compared to intervene group T1.

Plaque Index according to Loe Sillness compared to intervene group T1

Plaque Index according to Loe Sillness

No plaque in Film (ff plaque - Moderate . Abundance of soft
el adher.mg.to the accun.lulaqon. of soft matter within the Total
area free g.mglval d.epo.s1ts within the St pa
margin gingival pocket
Count 5 14 9 2 30
% within Group 16.7% 46.7% 30.0% 6.7% 100.0%
% within Plaque
Control Index accord?ng 50.0% 53.8% 45.0% 50.0% 50.0%
to Loe Sillness
Group % of Total 8.3% 23.3% 15.0% 3.3% 50.0%
Count 5 12 11 2 30
% within Group 16.7% 40.0% 36.7% 6.7% 100.0%
Test % within Plaque
Index according | 50.0% 46.2% 55.0% 50.0% 50.0%
to Loe Sillness
% of Total 8.3% 20.0% 18.3% 3.3% 50.0%
Count 10 26 20 4 60
% within Group 16.7% 43.3% 33.3% 6.7% 100.0%
Total % within Plaque
Index according 100.0% 100.0% 100.0% 100.0% 100.0%
to Loe Sillness
% of Total 16.7% 43.3% 33.3% 6.7% 100.0%
Table 7. Plaque Index according to Loe Sillness compared to intervene T2.
Plaque Index according to Loe Sillness compared to intervene T2
Plaque Index according to Loe Sillness after
. Film of plaque Moderate accumulation
No plaque in the adherinlg) toqthe free |of soft deposits within | Ut
gingival area Ayet q N
gingival margin the gingival pocket
Count 5 16 9 30
% within Group  16.7% 53.3% 30.0% 100.0%
Control % within Plaque
Index according to | 35.7% 48.5% 69.2% 50.0%
Loe Sillness after
Group % of Total 8.3% 26.7% 15.0% 50.0%
Count 9 17 4 30
% within Group  30.0% 56.7% 13.3% 100.0%
Test % within Plaque
Index according to 64.3% 51.5% 30.8% 50.0%
Loe Sillness after
% of Total 15.0% 28.3% 6.7% 50.0%
Count 14 33 13 60
% within Group  23.3% 55.0% 21.7% 100.0%
Total % within Plaque
Index according to 100.0% 100.0% 100.0% 100.0%
Loe Sillness after
% of Total 23.3% 55.0% 21.7% 100.0%

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.
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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



Table 8. Tests of Within-Subjects Effects.
Tests of Within-Subjects Effects

Measure:
Source oTiy g;lfgessum df Mean Square F Sig. g;flg:lfta
Sphericity Assumed ~ |3.008 1 3.008 16.644 0.000 0.223
factor] 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
Sphericity Assumed 1.008 1 1.008 5.579 0.022 0.088
factor1 * Group 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
Sphericity Assumed 10.483 58 0.181
Error(factor!) 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 9. Tests of Between-Subjects Effects.
Tests of Between-Subjects Effects
Measure:
Transformed Variable:
Type III Sum of . .
Source df Mean Square F Sig. Partial Eta Squared
Squares
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

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
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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-a [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



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
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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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