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INTRODUCTION
The development of oxidative stress (OS) is one 
of the biological reactions of oral tissues to the 
installation of fixed orthodontic appliances [1]. 
During the active period of orthodontic treatment, 
two different conditions coexist that can cause OS: 
on the one hand, it is the fixed appliance, and on the 
other, it is the biomechanics of tooth movement. 
At the same time, the use of braces often creates a 
complicated situation that provokes an inflammatory 
reaction around the teeth being moved, especially in 
patients with compromised periodontium. [2]. Since 
there is compelling evidence that periodontal tissue 
inflammation is one of the main sources of reactive 
oxygen forms (ROS) in the oral cavity, it can be assumed 

that aseptic inflammation is associated with damage 
caused by OS [3]. Most orthodontic appliances made 
of metal, ceramic, or plastic (organic polymer) materials 
can have significant oxidative potential and release 
metals or other elements through a phenomenon 
known as corrosion. This causes an increase in the 
level of ROS through various reactions with those free 
radicals that are catalyzed by metals [4].

Medication is extremely important in preparing 
periodontal patients with orthodontic anomalies (OA) 
for the active period of orthodontic treatment and 
throughout its course. Particular attention should be paid 
to drugs with antioxidant, antihypoxic, cytoprotective, 
and metabolic properties, which are pathogenetically 
justified and perform well in OS conditions. The 
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ABSTRACT
Aim: To determine clinical efficacy of developed therapeutic and prophylactic complex (TPC) in orthodontic patients with periodontal pathology and studying 
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local oxidative metabolic disorders remained high.
Conclusions: Changes in in periodontal status and activity of SOD and LDH activity relative to CA and AA measured in orthodontic patients with periodontal 
disease were shown to be important biomarkers of treatment effectiveness and controlling the state of reduced periodontium comparing to background of 
oxidative stress caused by fixed orthodontic appliances.
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world literature shows that flavonoids, as free radical 
scavengers, have pronounced antioxidant, anti-
inflammatory, anti-allergic, antiviral, antibacterial, and 
antiaggregant effects [5]. The phenolic structure allows 
the molecules of these substances to interact with free 
radicals. As a result, the intensity of lipid peroxidation 
decreases and the formation of the main negative 
factor, malondialdehyde, is inhibited [6]. Along with 
this, physiotherapeutic methods of treating periodontal 
diseases are of considerable interest, as they potentiate 
the penetration of the drug into the periodontal tissues, 
have a reflex effect, favorably affect local hemodynamics, 
eliminate hypoxia, and stimulate nonspecific tissue 
reactivity and the body’s defenses [7]. As a result, blood 
and lymph circulation, trophism, and metabolism 
improve in periodontal tissues, inflammation and 
congestion decrease, and the anti-inflammatory, 
antimicrobial, and analgesic effects of medications are 
prolonged, accelerating reparative processes [8].

Currently, it is relevant to analyze the activity of oral 
fluid enzymes using biochemical methods, which allow 
for a more accurate assessment of the degree of peri-
odontal tissue damage before and after periodontal 
treatment, as well as to fully monitor the condition of 
periodontal tissues during the active period of ortho-
dontic treatment [9].

AIM
To determine clinical efficacy of the developed thera-
peutic and prophylactic complex (TPC) in the ortho-
dontic patients with periodontal pathology and study 
its correction after the installation of fixed orthodontic 
appliances. The evaluation of this efficacy will be based 
on the assessment of periodontal indices and changes 
in the activity of enzymes of the antioxidant defense, 
as well as the activity of the enzymatic markers of local 
stress response in oral fluid.

MATERIALS AND METHODS
The design of this study consisted of the following steps: 
1) use of main criteria for inclusion of patients with 
orthodontic anomalies complicated by generalized 
periodontitis; 2) clinical and diagnostic characterization 
of these patients; 3) biochemical analysis of oral fluid 
of selected patients; 4) development of treatment plan 
for patients of the main and comparison groups; 5) sta-
tistical processing of the obtained results; 6) research 
hypothesis based on the results of using the developed 
therapeutic and prophylactic complex.

A randomized controlled clinical trial aimed at 
evaluating the effectiveness of a developed therapeutic 

and prevention complex (TPC) in patients with 
orthodontic anomalies (OA) complicated by generalized 
periodontitis (GP) was carried out. A total of 118 
patients aged 20-35 years of both sexes diagnosed 
with stage I–II (grade A) generalized periodontitis who 
sought orthodontic treatment were included in the 
study. The patients were randomly divided into two 
groups: the main group (n = 60), in which periodontal 
treatment was performed as part of preparation for 
active orthodontic treatment and during orthodontic 
therapy using the developed TPC; the comparison 
group (n = 58), which received standard treatment 
according to the generally accepted methodology in 
accordance with ‘Guideline 00163. Periodontal diseases 
(gingivitis and periodontitis) [10]. 

The criteria for inclusion of patients in the study were 
as follows:

- patients with OA complicated by periodontal 
disease;

- patients of both sexes aged 20 to 35 years;
- the patient’s individual consent to participate in 

the study;
- the ability to visit the dentist at the appointed time.
The exclusion criteria for the study were as follows:
- patients with severe systemic diseases;
- patients with cancer, with a history of chemotherapy 

and radiation therapy;
- presence of genetic diseases, immunodeficiency 

states, polyvalent allergy;
- acute and chronic infectious and viral diseases;
-  pat ients  who took var ious  medicat ions 

(corticosteroids, immunosuppressants, antibiotics).
- patients with secondary adentia (partial or complete);
- pregnancy and lactation;
- harmful habits (smoking);
- patient refusal to participate in the research program.

CLINICAL AND DIAGNOSTIC METHODS
The following methods and materials were used to 
achieve the set goal: in addition to 118 мedical record of 
a dental patient (Form No. 043/o), 118 periodontal cards 
and 118 orthopantomograms (was performed to clarify 
periodontal diagnosis) were created before treatment 
and the same number were created 6 months after 
treatment. According to the course of the study based 
on the collection of medical history and clinical and 
radiological assessment of the condition of periodontal 
tissues to diagnose GP, the classification of diseases 
and conditions of periodontal and peri-implant tissues 
was used (World Workshop on the Classification of 
Periodontal and Peri-implant Diseases and Conditions, 
EFP & AAP World Workshop, Chicago, 2017) [11]. To 
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evaluate the effectiveness of periodontal treatment, 
the following indices were calculated: BOP (Bleeding on 
Probing, Ainamo & Bay, 1975), the Approximal Plaque 
Index (API) (Lange D.E., Plagmann H., 1977) for dental 
plaque in the interdental spaces, and the Gingival Index 
(GI) (J. Sillness, H. Loe, 1967), which allows determining 
the location and severity of gum inflammation (mild, 
moderate, and severe) [12]. X-ray examination of the jaw 
bones was performed using intraoral and panoramic 
radiography on a «VillaRotograPH-D» (Italy) device. The 
structure, shape, and height of the interalveolar septa, 
the distinctness of the cortical plate, and the condition 
of the cancellous bone of the alveolar processes of the 
jaws were evaluated.

The diagnosis of the OA was performed according to 
the classifications of D.A. Calvelis and E H. Angle [13, 
14], in which the following occlusion pathologies were 
diagnosed and examined in patients of both groups: 
prognathia (distal occlusion), deep bite, crossbite, 
open bite and progenia (mesial occlusion). Also, the 
patients had dentition abnormalities combined with 
occlusion pathology, such as disrupted dentition 
formation, abnormalities of individual teeth, crowded 
teeth, vestibular and oral overjet, mesial and distal 
overjet, tortoanomalies, supra- and infraposition of 
teeth, diastemas and tremas.

BIOCHEMICAL ANALYSIS OF ORAL FLUID
Enzymatic activity of catalase, amylase, superoxide 
dismutase, and lactate dehydrogenase were measured 
in oral fluid of patients of both groups before and after 
treatment. According to the course of studies in patients 
of both groups catalase activity (CA) of oral fluid was 
measured using method based on the ability of H2O2 
to form a colored complex with the molybdenum 
salts [15]. The reference values of normal CA are 180-
200 U/ml. Amylase activity (AA) in the oral fluid was 
measured using a modification of the Wolgemuth 
method that is based on the ability of amylase to 
hydrolyze starch [16, 17]. The reference values of AA 
are 10,000 – 11,000 U/L [15, 18]. Measurement of the 
activity of superoxide dismutase (SOD) in oral fluid was 
performed using conjugated nitroblue tetrazolium 
conversion reaction that is based on the ability of SOD 
to compete with nitroblue tetrazolium for superoxide 
anions formed as a result of aerobic interaction of 
the reduced form of nicotinamide nucleotide (NADH) 
in the presence of phenazine methasulfate (PMS) 
[19-21]. The reference values for the norm of SOD 
are approximately 30%. The colored products of the 
reaction were determined spectrophotometrically 
at the corresponding absorption wavelengths on a 

multichannel microphotometer «Plate Reader BioTek» 
76883 (BioTek, USA) [15].

The automated biochemical analysis of lactate 
dehydrogenase (LDH) was performed on «Alinity 
c» analyzer (Abbott Laboratories, USA) using the 
«Lactate Dehydrogenase2 Reagent Kit» in the UNILAB 
LLC laboratory (License of the Ministry of Health of 
Ukraine Series AG No. 597497 dated by 09.02.2012). 
The reference values of LDH levels in the oral fluid were 
135.0-214.0 U/L [21, 22].

The Treatment Plan for 60 patients in the main 
group prior to the active period of orthodontic 
treatment and during its course was as follows: a 
treatment plan was developed an extemporaneous 
periodontal gel composition under the patented name 
«Benzydaflaziverdyne» (GCB), containing two active 
components – benzidamine hydrochloride (BH) in 
tablet form «T-Sept®» (ICN Polfa Rzeszow S.A, Poland), 
which has anti-exudative, anti-edematous, antioxidant 
and analgesic properties, and «Proteflazid®» drops 
(LLC SPC Ecopharm, Ukraine) containing antioxidants 
of plant origin (flavonoids) in a gel base consisting 
of sodium alginate, nipagine and water for injection 
[23]. The above mentioned GCB was included in the 
treatment and prevention complex (TPC) (Table 1). The 
initial periodontal therapy in the main group was a part 
of oral cavity sanitation which began with teaching 
patients rational hygiene and controlled toothbrushing 
(Table. 1). Removal of dental plaque was combined 
with the SRP (Scaling and Root Planing) protocol which 
was performed using an instrumental method (Gracie 
curettes (Hu-Friedy, USA) and Kohler (Germany)) in 
combination with an ultrasonic scaler «Woodpecker 
UDS L» (China). Before the procedure, the oral cavity was 
irrigated with «Tantum Verde®» solution in which BH is 
the active ingredient. Additionally, for rinsing the mouth, 
patients of the main group were recommended 15 ml of 
this drug 3-4 times a day for 7-8 days.

In order to prolong the effect of GСB in patients of the 
main group, two approaches were applied: 1. Individ-
ually made mouthguards; 2. Modified electrophoresis 
procedure (Table 1). For this purpose, individually made 
mouthguards for GCB and electrodes made of thin 
sheet metal 0.5 mm thick were used. Metal plates of 
active electrodes on the vestibular side and plates of 
passive electrodes on the oral/palatal side were placed 
in the mouthguards (Fig. 1 - A), filled with GCB, which 
has a distinctive emerald color, and fitted in the oral 
cavity (Fig. 1 - B). With the patient’s mouth closed, the 
«Potok-1» effectrophoresis device (SMEP) was turned 
on. The duration of one GCB electrophoresis proce-
dure was 45-50 seconds for one jaw. This time interval 
was established on an experimental model of in vitro 
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containing cetylpyridine chloride, sodium fluoride, 
Aloe vera and allantoin for individual toothbrushing. 
Interdental brushes were prescribed – Interprox 4G, 
Interprox 2G. Control of the level of oral hygiene and 
maintenance therapy in the main group was carried 
out once a month using the following therapeutic 
and prophylactic measures: «Tantum Verde®» mouth-
wash; use of individual mouthguards with GCB; elec-
trophoresis procedures with GCB. Six months after 
braces were placed, patients in the main group were 
prescribed a repeated course of general medications 
«Biotus Calcium Magnesium Zinc with Vitamin D3 60 
Caps BIO-530982» and «Resveratrol» (Table 1).

electrophoresis with three types of test cells (mouse 
fibroblasts of the BALB-3T3 line, mouse macrophages 
of the J774.2 line, and pseudonormal human keratino-
cytes of the HaCaTi line) cultured in agar-supplemented 
medium [24].

General drug therapy in the main group included the 
multimineral complex «Biotus Calcium Magnesium Zinc 
with Vitamin D3 BIO-530982» and natural antioxidant 
«Resveratrol» (Table 1).

After achieving stabilization of the periodontal 
tissues during the active period of orthodontic treat-
ment, patients of the main group were prescribed 
a low-abrasiveness toothpaste «VITIS orthodontic» 

Table 1. Algorithm of application of treatment and prophylactic complex developed for orthodontic patients with GP stage I-II (gradeA) of the main group
Before the active period of the orthodontic treatment:

General therapy:

1. «Biotus Ca, Mg, Z with Vitamin D3  
BIO-530982» (Biotus, Ukraine)  

- 1 capsule 3 times a day with meals 
(recommended course of treatment  

3-4 weeks х twice a year))
2. «Resveratrol» (GREEN PHARMA, 

Ukraine) - 1 capsule 2-3 times a day 
after meals; (recommended course of 

treatment is 4 weeks x twice a year)

Individual oral hygiene:

1. «Vitis Aloe Vera Apple» toothpaste 
(DENTAID, Spain);

2. Interdental brushes - Interprox 4G and 
2G (DENTAID);

3. Dental floss (VITIS), (DENTAID);
4. Bass cleaning method

5. Use of the Mira-2-Ton plaque 
revelerator (Miradent,  

(HAGER Werken, Germany))

Local therapy:

1. «Tantum Verde» mouthwash  
(Angelini Francesco A.C.R.A.F. S.p.A., Italy);

2. Professional hygiene;
3. SRP protocol;

4. Oral cavity sanitation;
5. Use of individual mouthguards with GСB  

(for 2 hours once a day, a course of 4-5 days);
6. Conducting gingival electrophoresis with 

GCB (4-5 procedures)

In the active period of the orthodontic treatment:

General therapy:

1. «Biotus Ca, Mg, Z with Vitamin D3  
BIO-530982» Repeat the course in 6 

months;
2. «Resveratrol» – repeat the course  

in 6 months

Individual oral hygiene:

1. Toothpaste «VITIS orthodontic» 
(DENTAID);

2. Interdental brushes  
– Interprox 4G and 2G (DENTAID)

Local therapy:

Follow-up therapy every month:
1. Professional hygiene and rinsing of the 

mouth with «Tantum Verde» solution  
(7-8 days course once every 2 months);

2. Individual mouthguards with GСB  
(2-3 procedures);

3. Electrophoresis with GCB (2-3 procedures)

Source: compiled by the authors of this study

 
 

Fig. 1.  A – Fitting of electrodes in a custom-made mouthguard on the vestibular and oral sides; B 

– Fitting of a mouthguard with a GCB in the oral cavity 

Picture taken by the authors 
 

B A 

Fig. 1.  A – Fitting of electrodes in a custom-made mouthguard on the vestibular and oral sides; B – Fitting of a mouthguard with a GCB in the oral cavity
Picture taken by the authors



Сorrection of periodontal status and evaluation of disorders in biomarkers of local oxidative metabolism...

2133

STATISTICAL PROCESSING OF RESULTS
The obtained numerical results were analyzed using statistical 
processing according to generally accepted methods. The 
creation and editing of the primary database was performed 
in Microsoft Excel. Statistical processing of digital material 
was performed using OriginPro 7.0 software (OriginLab, 
Northampton, Massachusetts, USA). The significance level 
was set at p ≤ 0.05 (95% confidence interval) for all statistical 
procedures, which is generally accepted in medical and 
biological research. The results were considered reliable at p 
≤ 0.05 and highly reliable at p ≤ 0.001. Quantitative indicators 
were tested for normal distribution using the Shapiro-Wilk test. 
A two-tailed Student’s (heteroscedastic) t-test, which analyzes 
the overall difference, was used to analyze the differences 
between the two groups. A paired t-test was used to analyze 
the differences before/after treatment. To visualize the data 
obtained, each indicator presented in the figures (the ordinate 
of the columns in the diagrams) corresponds to the average 
value «M» calculated from the results of three measurements 
for one sample in each of the determination methods. The 
standard deviation «σ» of the result obtained was calculated 
based on the mean error «m». This is represented in the 
illustration next to each indicator by a vertical line, the length 
of which corresponds to the value «m» [25].
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RESULTS
In all 118 patients who sought an orthodontic treatment, 
the examination before braces were installed,  there were 

Patients of the comparison group (58 patients with a same 
diagnosis) received a traditional treatment regimen according 
to the the generally accepted methodology in accordance 
with ‘Guideline 00163. Periodontal diseases (gingivitis 
and periodontitis) [10]. It included training in individual 
hygiene with a prescription of «Parodontax» toothpaste. 
For topical treatment before the professional hygiene 
procedure and SRP protocol, a traditional antimicrobial 
agent for oral irrigation, chlorhexidine bigluconate 0.05% 
was used. It was prescribed in accordance with protocols of 
the conventional treatment. Patients were supplied with a 
spatula to the gingival mucosa with «Cholisal gel» (Jelfa S.A. 
Poland) (treatment course – 7 days). In the comparison group, 
traditional hygiene control and maintenance therapy were 
performed once every three months.

The observation periods in both groups (main and 
comparative) were as follows: all indicators were ob-
tained before and after periodontal treatment of stage 
I-II (grade A) immediately before the installation of fixed 
orthodontic appliances (G&H® miniPrevail® TWIN Brack-
et System) and then at 3 and 6 months of the active 
period of orthodontic treatment.

The research hypothesis is that the use of the 
developed therapeutic and prophylactic complex 
(TPC), containing flavonoid-based preparations and 
benzidamine hydrochloride in combination with 
electrophoresis and applied to patients in the main 
group, provides better clinical results in the treatment 
of stage I-II generalized periodontitis (grade A) in 
the orthodontic patients. This demonstrates an 
improvement in periodontal status and enzyme activity 
in oral fluid and reduces the time required to prepare 
for the active period of orthodontic treatment, ensuring 
better stabilization of the pathological process when 
installing fixed orthodontic appliances compared to 
the traditional treatment regimen used in patients in 
the comparison group.
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(43.48±23.12%), API (70.64±17.98%) and GI (0.59±0.33 
points), which confirmed the loss of remission and 
required a repeated full course of treatment with a 
traditional regimen.

After 6 months of active period of the orthodontic 
treatment, the repeated indices allowed to suggest 
in patients of the main group the practical absence of 
signs of inflammation in the form of gingival edema 
and bleeding, as evidenced by very low residual values 
of the BOP bleeding index – 0.28±0.2% in contrast to 
the comparison group – 17.45±9.94% (p<0.001). The 
absence of inflammation in the periodontal tissues of 
patients in the main group resulted in better API and GI 
indices – 3.04±1.85% and 0.06±0.06 points, respectively. 
While in patients of the comparison group, against the 
background of exacerbation of the pathological process 
in periodontal tissues, the API index was statistically 
significantly higher than the result obtained in patients 
of the main group – 73.96±29.89% and practically 
did not differ from the previous indicator «before 
treatment». GI scores also indicated the presence of 
inflammatory process in the gingival tissues – 0.34±0.31 
points (p<0.01), (Table 2).

The analysis of the obtained indicators of the activity 
of SOD and CA in the oral fluid allowed us to assume 
that the presence of stage I-II GP (grade A) in patients 
and the installation of fixed orthodontic appliances 
caused a shift in the local oxidative metabolism. Before 
the periodontal treatment in both groups of patients 
with oral hyperplasia on the background of GP, a low 
level of CA in the oral fluid was noted (40.04 ± 25.1 U/
ml in patients of the main group and 39.56 ± 24.6 U/
ml in the comparison group, comparing to 180-200 U/
ml – normal values). At the same time, SOD indicators 
showed almost three times deviation from the norm 
(89 ± 6.7% and 91 ± 6.8% in patients of the main and 
comparison groups comparing to 30% that is a normal 
value of that indicator), (p<0.001), (Fig. 2, Fig. 3).

At the stage of the periodontal treatment, the 
preparation of the periodontal tissues for active period 
of the orthodontic treatment using the developed 
TPC in patients of the main group helped to improve 
significantly the indicators of SOD enzyme to be close to 
normal level – 29 ± 2.2 %, and an increase in the level of 
CA enzyme to 101.2 ± 18.9 U/ml (p<0.001) (Fig. 2, Fig. 3).

In contrast to the main group, in patients of the 
comparison group, after applying the traditional 
treatment regimen, the indicators of SOD activity were 
still twice as high as normal – 65 ± 4.8 % (p<0.01), and 
the indicator of CA activity was only 58.7 ± 14.1 U/ml 
(p<0.001), that was almost three times lower than the 
normal one which significantly delayed the start of 
active orthodontic treatment (Fig. 2, Fig. 3).

no complaints of bleeding and swelling of the gums, bad 
breath, and discomfort typical of stage I-II GP (grade A). 
Filling out and analyzing periodontal charts revealed that 
the average depth of the periodontal pockets was 1.5-3.5 
mm. In 40% of patients, the mobility of individual teeth of 
the first degree was noted. The X-ray images in the areas of 
the anterior teeth and molars showed a mixed situation, 
since it was particularly difficult to trace the complete 
loss of the cortical layer or only the loosening of the tops 
of the interalveolar septa of the anterior teeth in 67% of 
patients in both groups (main and comparison) due to 
teeth crowding.

Before the start of periodontal treatment, the BOP, 
API, and GI indices in patients in both groups (the 
main group – 60 people and the comparison group 
– 58 people) did not differ significantly (Table 2). 
After treatment, statistically significant differences 
in the indices of both groups were observed for all 
three indices. While the average BOP index before 
treatment in both groups was 77.13%, after the use 
of TPC in the main group, this index decreased to 1.83 
± 0.71% (p<0.001), in contrast to 10.24 ± 9.60% in the 
comparison group, whose patients received traditional 
treatment. Accordingly, in the comparison group, these 
indicators delayed the installation of braces and led 
to the continuation of the treatment course (Table 2).

The mean values of API and GI indices before 
periodontal treatment in both groups were 77.32% 
(according to the evaluation scale, this is an unacceptable 
level of hygiene) and 1.08 points (according to the 
interpretation of the values, this is an inflammatory 
process in the gum tissues of mild to moderate severity). 
Treatment of patients in the main group and the 
comparison group with different treatment regimens 
also led to different statistically significant results. In the 
main group, the API and GI indices were 3.02 ± 2.3% 
and 0.05 ± 0.04 points, as opposed to the comparison 
group – 27.13 ± 9.09% and 0.39 ± 0.21 points, which 
also led to a delay in the start of the active period of 
orthodontic treatment in this group.

After the beginning of active period of the orthodontic 
treatment and installation of braces, despite the high 
level of motivation, patients always show a tendency 
to deterioration of the level of individual hygiene due 
to painful reactions and difficult adaptation to new 
conditions. However, in the main group (3 months 
after the start of the active period of the orthodontic 
treatment), there was a minimal increase in the BOP 
(7.85±3.18%), ARI (11.13±10.12%) and GI (0.07±0.05 
points) indices, which indicated a slight destabilisation 
of the situation, which required only minor correction. 
At the same time, patients in the comparison group 
showed an active increase in index indicators – BOP 
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Fig. 2. Indicators of superoxide dismutase enzyme activity in oral fluid of the orthodontic 

patients with stage I-II GP (grade A) at different follow-up periods 

*P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001 – statistically significant differences compared to the baseline 

indicators of the group (before treatment); #P ≤ 0.05, ##P ≤ 0.01, ##P ≤ 0.01, ###P ≤ 0.001 – 

statistically significant differences compared to the comparison group during treatment  

Picture taken by the authors 

 

 
Fig. 3. Indicators of catalase activity in oral fluid of the orthodontic patients with stage I-II GP 

(grade A) at different follow-up periods 

*P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001 – statistically significant differences compared to the baseline 

indicators of the group (before treatment); #P ≤ 0.05, ##P ≤ 0.01, ##P ≤ 0.01, ###P ≤ 0.001 – 

statistically significant differences compared to the comparison group during treatment 

Picture taken by the authors 
 

Fig. 2. Indicators of superoxide dismutase 
enzyme activity in oral fluid of the orthodontic 
patients with stage I-II GP (grade A) at different 
follow-up periods
*P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001 – sta-
tistically significant differences compared to 
the baseline indicators of the group (before 
treatment); #P ≤ 0.05, ##P ≤ 0.01, ##P ≤ 
0.01, ###P ≤ 0.001 – statistically significant 
differences compared to the comparison group 
during treatment 
Picture taken by the authors

Fig. 3. Indicators of catalase activity in oral 
fluid of the orthodontic patients with stage I-II 
GP (grade A) at different follow-up periods
*P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001 – sta-
tistically significant differences compared to 
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treatment); #P ≤ 0.05, ##P ≤ 0.01, ##P ≤ 
0.01, ###P ≤ 0.001 – statistically significant 
differences compared to the comparison group 
during treatment
Picture taken by the authors

Table 2. Values of BOP, API and GI indices in orthodontic patients with GP stage I-II (grade A)

Indicators

Before treatment of GP Before treatment of GP
3 months after braces are 

fitted
6 months after braces have 

been fitted

Main 
group

Comparison 
group

Main group
Comparison 

group
Main group

Comparison 
group

Main group
Comparison 

group

ВОР
(%)

79.03 ± 7.67 75.24 ± 18.97
1.83 ± 0.71

***
#

10.24 ± 9.60
***

7.85 ± 3.18
***
###

43.48 ± 23.12
0.28 ± 0.2

***
##

17.45 ± 9.94
***

АРІ
(%)

78.43 ± 22.14 76.22 ± 22.74
3.02 ± 2.3

***
##

27.13 ± 9.09
**

11.13 ± 10.12
***
###

70.64 ± 17.98
3.04 ± 1.85

***
###

73.96 ± 29.89

GI
(points)

0.99 ± 0.32 1.18 ± 0.28
0.05 ± 0.04

***
#

0.39 ± 0.21
**

0.07 ± 0.05
***
#

0.59 ± 0.33
0.06 ± 0.06

***
0.34 ± 0.31

**

Notes: 1. *- significance of differences between the groups «before treatment of CGP» and the groups at the stages of observation, where *- p<0.05, 
**- p<0.01, ***- p<0.001
2. #- significance of differences between the indicators of the main group and the comparison group at the stages of observation, where #- p<0.05 
##- p<0.01, ###- p<0.001
Source: compiled by the authors of this study
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After three months of wearing fixed orthodontic 
appliances by patients of both groups, a routine 
sampling of oral fluid was performed to determine the 
levels of SOD and CA activities under the influence of 
OS. The obtained results suggest that SOD activity in the 
main group did not have a significant shift compared 
to this indicator after treatment of GP before the 
installation of braces. It amounted 38 ± 2.8 % that is 
statistically significantly higher than this indicator in the 
comparison group (79 ± 5.9 %, p<0.001). The indicator 
of CA activity after three months of active orthodontic 
treatment was 134.2 ± 10.6 U/ml that is significantly 

higher than in the comparison group – 65 ± 25.8 U/ml 
(p<0.001), (Fig. 2, Fig. 3).

Similar changes were observed after 6 months 
of active orthodontic treatment comparing the 
background of regular treatment and preventive 
measures included in the TPC developed for the main 
group. The indicators of SOD and CA activities in the 
main group were 31 ± 2.3 % and 148.6 ± 11.4 U/ml, 
which suggested stabilization of the clinical situation 
and the absence of local metabolic shifts. In contrast to 
the main group, in patients of the comparison group, 
the values of SOD and CA activities were 82 ± 6.1% and 
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(Fig. 5). Thus, the AA activity after treatment of GP before 
the formation of fixed orthodontic appliances was 1.5 
times higher than in the comparison group, and after 3 
months of active orthodontic treatment, this difference 
was 2.4 times, and after 6 months – 1.9 times.

Thus, we have shown that the applied TPC with GCB 
best contributed to the normalization of the activity of 
four enzymes, namely decreased levels of LDH and SOD 
activities, and increased levels of AA and CA activities. 
That also led to stabilization of clinical picture under 
the initial periodontal therapy. After 3 and 6 months 
of active periodontal treatment, the absence of signs 
of inflammation in the form of gingival edema and 
bleeding in the patients of the main group was evi-
denced. This made it possible to reduce by 3-3.5 times 
the period of their preparation for the active period of 
the orthodontic treatment. At the same time, in patients 
of the comparison group, the level of the OS and local 
oxidative metabolic disorders remained high due to 
the traditional local treatment regimen. The compari-
son group which used a traditional treatment regimen 
required a longer period (about 4-5 months) to stop all 
signs of inflammation before starting teeth removal, in 
contrast to the main group, which took only 1 month 
to prepare for the installation of fixed orthodontic ap-
pliances and for achieving remission.

DISCUSSION
The clinical and laboratory effectiveness of the therapeutic 
and prophylactic complex (TPC) in the treatment 
of stage I-II periodontitis (grade A) in orthodontic 
patients, which included a modified electrophoresis 
procedure in periodontal tissues using individually 
manufactured caps with a patented gel composition 
«Benzydaflaziverdyne» (GCB) based on a flavonoid 
complex and benzidamine hydrochloride. The essence 
of the method of subgingival electrophoresis with GCB 
before active orthodontic treatment was to remove all 
signs of chronic inflammation in periodontal tissues 
and ensure an adaptive transitional preparatory period 
before installing fixed orthodontic appliances. After three 
months of active orthodontic treatment, application of 
the developed TPC served to maintain remission.

The inclusion of the electrophoresis procedure in 
combination with GCB in the complex of therapeutic 
and preventive measures during the active period of 
orthodontic treatment in patients with OA against 
the background of treated GP led to a more intensive 
normalisation of BOP, API, GI and LDH levels. There was 
a faster improvement in the condition of periodontal 
tissues, which ensured a favourable course of the active 
period of the orthodontic treatment [2, 26].

59.5 ± 34.6 U/ml, that is 2.5-1.5 times higher than the 
normal values. These data indicated a loss of remission 
in the comparison group comparing the background of 
an impaired oxidative metabolism (Fig. 2, Fig. 3).

Thus, after treatment of GP before braces were 
applied in patients of the main group, the levels of SOD 
and CA activities were 2.2 and 1.7 times higher than in 
the comparison group. After 3 months, this difference 
was 2 times, and after 6 months, 2.5 times.

The analysis of the defined indicators of LDH and AA 
activities in the oral fluid suggested that the presence of 
stage I-II GP (grade A) in patients and the installation of 
fixed braces caused a shift in local energy metabolism. 
Before the start of periodontal treatment, an increase in 
LDH activity in the oral fluid was noted in both groups 
of patients with DA comparing the background of GP 
(1536.4 ± 436.1 U/l – in the main group and 1446.1 ± 
441.1 U/l – in the comparison group comparing 135.0-
214.0 U/l that is reference value in the norm) and a 
decrease in AA activity (2997 ± 831.7 U/l and 3002 ± 
831.7 U/l, respectively, comparing 10,000-11,000 U/l 
that are normal values), (Fig. 4, Fig. 5). At the stage 
of periodontal treatment, application of TPC in the 
main group led to a significant reduction in the LDH 
levels bringing them close to the norm – 353.1 ± 
94.7 U/l (p<0.001) comparing 1040 ± 217.1 U/l in the 
comparison group, and a significant increase in AA 
activity was observed – 8958 ± 436.2 U/l (p<0.001) 
comparing to 5897 ± 433.9 U/l in the comparison group, 
(Fig. 4, Fig. 5).

After the installation of fixed orthodontic appliances 
in patients of the main group after 3 and 6 months, the 
values of LDH activity were statistically significantly 
different from those detected «before treatment». There 
was a clear confirmation of a quantitative decrease 
in the OS in periodontal tissues (424.52 ± 103.5 U/l, 
p<0.001 and 375.8 ± 102.4 U/l, p<0.001), compared 
to the LDH values in the comparison group – 1687.6 ± 
240.8 U/l. Only after 6 months, the level of LDH activity 
in oral fluid in the comparison group was shown to be 
slightly decreased (774.5 ± 177.8 U/l) that was probably 
due to a greater extent of general adaptive mechanisms 
(Fig. 4). Thus, the LDH activity after treatment of GP in 
patients of the main group was three times higher than 
in the comparison group, in 3 months, this difference 
was 4.2 times, and in 6 months – 2.2 times.

Three months after the beginning of active period 
of the orthodontic treatment in the main group, the 
indicator of AA activity was normalized even to a higher 
extent – from 9673 ± 536.7 U/l to 4072 ± 532.5 U/l in the 
comparison group (p<0.001). After 6 months of active 
orthodontic treatment, the difference in the main and 
comparison groups remained almost at the same level 
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refractoriness (hyporesponsiveness) of the immune 
system. The medicine inhibits the course of free radical 
processes, prevents the accumulation of ROS products, 
enhances the antioxidant status of cells, and thus, 
reduces intoxication of the organism [29]. In the present 
study, this was confirmed through measuring the activity 
of the antioxidant defense enzymes – SOD and CA, which 
is consistent with the results published in literature [30].

There are reports that flavonoids can counteract the 
pro-inflammatory effects of proteins associated with 
pathogenic molecular structures through Toll-like 
receptor (TLR) responses. The effect of flavonoids on 
the epithelial cells and fibroblasts of the gums and 
periodontal ligament, as well as the osteoblasts that 
support the alveolar bone, is potentially beneficial 
[5, 29]. The antibacterial mechanism of action of 
flavonoids was described. Specifically, it inhibits 
energy metabolism, cell proliferation, nucleic acid 
synthesis, reduces biofilm formation and cell adhesion, 
reduces pathogenicity and damage to membranes via 
producing hydrogen peroxide [31].

In scientific literature, salivary α-amylase was proposed 
as a marker of stress tension, the secretion of which into 
oral fluid is regulated by β-adrenergic stimulation [32]. 
In our study, this biomarker was monitored in oral fluid 
before treatment of stage I-II GP in patients of the main 
and comparison groups. It was significantly decreased 
before treatment which could be due to a damage of 
the secretory cells of the salivary gland caused by the 
metabolic processes in the OS and their negative effect 
on the tissues of the periodontal complex [33]. In turn, 
these disorders might cause a shift in the pH to the acidic 
side and induce a decrease in the AA, since this activity is 
manifested at neutral or slightly alkaline pH [33].

There are several reports concerning the level of 
the LDH in the oral and crevicular fluid. This enzyme 
is released from the cytoplasm into the extracellular 
space during a programmed cell death in the gingivitis 
or periodontitis, as well as at the orthodontic treatment 
[34, 35]. The time of increase in LDH levels varied 
depending on the level of the applied force.

The local analgesic effect of «Tantum Verde®» 
solution that is another effective component of 
the drug product, caused stabilization of sensory 
receptors lasting for 90 min after topical application. 
Its effectiveness observed after topical application is 
due to its ability to penetrate into the epithelial layer 
and reach effective concentrations in inflamed tissues. 
The antibacterial ability of the BH is manifested by 
rapid penetration through the outer membranes of 
microorganisms with a subsequent damage to cellular 
structures, disruption of metabolic processes and cell 
lysis. It is important that the antimicrobial effect of the 

In general, electrophoresis is recommended by 
researchers in the field of periodontology, as it has a 
reflective effect, favorably affecting the nervous system, 
its vegetative division, and hemodynamics. As a result, 
blood and lymph circulation, trophism, and metabolism 
improve in the periodontal tissues, granulation 
growth in periodontal pockets is suppressed, and 
inflammatory and congestive phenomena are reduced. 
An increase in the activity of connective tissue elements, 
phagocytic activity of leukocytes and elements 
of the reticuloendothelial system, acceleration 
of the regeneration process were demonstrated 
[26]. This is because physical procedures affect the 
body through nervous-reflex and nervous-humoral 
pathways. As a result of the body’s adaptation to the 
action of the therapeutic stimulus, its defenses are 
enhanced. Therefore, electrophoresis procedures are 
pathogenetically justified by the need to prepare 
the patient for the stress-modulating effect of 
fixed orthodontic appliances, and the stage with 
electrophoresis and local delivery of GCB deep into 
the tissues is best suited for this, ensuring a kind of 
adaptation of the periodontal complex [24].

At present, tracing the main aspects of the 
pathogenesis of the periodontal tissue diseases in 
the orthodontic patients is impossible without a deep 
understanding of the role of metabolic mechanisms, in 
particular in the lipid peroxidation-antioxidant defense 
systems, which are the basis of many pathological 
reactions. It was reported that disturbances in local and/
or general indicators of the OS are responsible for the 
mechanisms of the etiopathogenesis of periodontitis 
[27]. The human body which uses oxygen for its 
metabolic processes, is equipped with defense systems 
against ROS. They are usually called the «antioxidant 
barrier». Among the main enzymatic antioxidants that 
have been widely studied in gingival fluid, oral fluid, and 
blood serum of patients with periodontitis are SOD and 
CA [19, 21]. The reports on the activity of these enzymes 
in different periodontal diseases (chronic or acute) and 
at different stages of periodontitis are non-uniform. 
In the gingival tissue, the activity of CA was usually 
increased, and in the oral fluid it was decreased [20, 22]. 
These variations could be the result of using different 
methods of biochemical assessment of the enzymatic 
activity and do not reflect the stage and/or risk of the 
periodontitis progression [28].

Taking in consideration that the aseptic inflammation 
in the orthodontic patients may be associated with 
damage caused by the OS, the inclusion of «Proteflazid®» 
in the composition of the GCB was crucial in our study. 
This agent is a drug with pronounced antioxidant 
properties, it does not cause immunotoxic effects or 
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CONCLUSIONS
1.	� Based on the results of changes in the periodontal 

status indicators in the orthodontic patients with 
GP stage I-II (grade A), the developed periodontal 
gel composition based on a flavonoid complex 
and a nonsteroidal anti-inflammatory medicine 
(benzidamine hydrochloride) in combination with 
electrophoresis into the tissues of the periodontal 
complex can be recommended before and during 
active orthodontic treatment. The clinical efficacy 
of the developed TPC was confirmed by the BOP 
API and GI indices. Its application can reduce the 
preparation time for the active orthodontic period 
by 3-3.5 times.

2.	� The measurement of the activity LDH, SOD, CA 
and AA enzymes in oral fluid, reflecting changes in 
gum tissue under the stress-modulating effect of 
fixed orthodontic appliances, is important at the 
use of the TPC developed for patients in the main 
group. 3. Adaptation of the periodontal tissues to 
the installation of braces and reducing the level of 
local oxidative sterss after their installation are more 
efficient than in the comparison group, where a 
persistent loss of remission was observed as soon 
as 2-3 months after the start of the active period of 
orthodontic treatment.

BH is enhanced in a neutral and alkaline environment (in 
the periodontal pocket, the pH is on average 8.0) [1, 5].

Multimineral complex «Biotus Calcium Magnesium 
Zinc with Vitamin D3 BIO-530982» containing calcium, 
magnesium, zinc and vitamin D3, is an additional source 
of these minerals and vitamin in order to maintain their 
optimal levels in the body. The drug supports normal 
functioning of the musculoskeletal system, maintaining 
the condition of teeth, bones, basic functions of 
the immune system and plays an important role in 
structure of cell membranes. Vitamin D3, in turn, is 
essential for better calcium absorption and is involved 
in mineralization, skeletal growth and restructuring. 

«Resveratrol» is another drug with a systemic effect and 
it is known to be natural antioxidant. It contains resveratrol 
(150 mg), grape seed extract (300 mg) and food gelatin, 
and is used as an additional source of polyphenolic 
compounds that are needed to normalize metabolic 
processes and restore the body›s internal strength [6].

Summerising, the developed TPC is shown to be 
clinically effective in reducing local stress-induced 
metabolic disorders in the periodontal tissues, since 
achieving a stable remission is an important condition 
at tooth movement in the periodontal pathology that 
may lead to a rapid and irreversible deterioration in 
tooth support apparatus.
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