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Abstract 

Assessment of the results of treatment of 100 patients with odontogenic purulent-inflammatory 
diseases revealed a pronounced positive result when used in the complex treatment of intratissue 
electrophoresis of ceftriaxone. The proposed method promotes faster normalization of the general 
condition, reduces the symptoms of endotoxicosis, creates long-term therapeutic concentrations of 
the antibiotic in the area of inflammation and accelerates healing of purulent wounds. Normalization of 
the main laboratory indicators of inflammation also occurs faster, significantly affecting the duration 
and quality of treatment. 
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Introduction 

Inflammatory diseases of the maxillofacial area 
(MFA) are the most common disorders localized in 
this zone [1, 2]. In addition to the constant increase 
in the number of patients, a number of researchers 
describe a tendency to an atypical clinical course, 
which causes some difficulties in diagnosis and 
timely adequate treatment. Insufficient 
effectiveness of treatment is also due to the 
emergence of resistant microflora due to irrational 
antibiotic therapy, low social standard of living, 
which leads to untimely treatment and deterioration 
of the immune system [3, 4]. In childhood, the 
course and treatment of inflammatory diseases is 
complicated by the peculiarities of 
histomorphological and functional development of 
the body at different ages [5, 6]. 

Treatment of inflammatory processes at the 
present stage is a complex measure that involves an 
active impact on all components of the abnormal 
process [7, 8]. However, the use of antibacterial 
therapy remains the main link. Moreover, 
preference is given to the simplest and most 
effective ways of its administration [9], creating the 
highest and longest concentrations of drugs in the 
area of inflammation [10, 11]. 

Traditional methods of antibacterial therapy are 
not without drawbacks, including toxic and allergic 
effects on the body as a whole, adverse effects on 
the excretory organs (liver, kidneys, bladder, 
intestines), inflammatory infiltrates and abscesses 
when administered intramuscularly, development of 
antibiotic resistance [12, 13]. In addition, being 
distributed throughout the body, therapeutic 
concentration of antibiotics does not become 
sufficient in the area of inflammation and its 
effectiveness is also reduced due to local acidosis 
[14]. 

Therefore, the search for alternative methods of 
antibacterial therapy is relevant at the present 
stage. This can be achieved by the combined use of 
antibiotics with a simultaneous local effect on the 
postoperative wound of galvanic current 
(intratissue electrophoresis). 

The purpose of our study was to study the 
effectiveness of intratissue electrophoresis of 

ceftriaxone in the complex treatment of 
odontogenic inflammatory diseases of the MFA. 

Methods 

Clinical studies are based on examination and 
comparative analysis of the results of 
comprehensive treatment of 100 children with acute 
odontogenic inflammatory diseases of the 
maxillofacial area aged 2 to 17 years. 

All patients underwent surgical dissection of the 
purulent center, washing it with antiseptic solutions 
and subsequent drainage with rubber tubes, as well 
as extraction of the tooth, which caused the 
development of the disease. Patients were 
prescribed ceftriaxone, general tonic and 
physiotherapy. Taking into account the severity of 
the disease, patients were prescribed detoxification 
and antipyretic therapy. 

Subsequently, due to differences in the routes of 
administration of the antibacterial drug, all patients 
were divided into two groups. In the first group of 
patients (control), amounting 59 subjects, the daily 
dose of the antibiotic (ceftriaxone) was 
administered intramuscularly or intravenously twice. 

In the second group of patients (main), 
amounting 41 subjects, the daily dose of the 
antibiotic (ceftriaxone) was administered once 
intravenously by intratissue electrophoresis (ITEP). 
Cutaneous plate electrodes were fixed so that the 
postoperative area was located in the interelectrode 
space. The daily dose of ceftriaxone, calculated 
according to the patient's weight and diluted in 100 
ml of 0.9% sodium chloride solution, was 
administered intravenously. After infusion of ½ of 
the mixture volume, the inflammation zone was 
galvanized for 40 minutes. The course of treatment 
comprised 3-5 sessions, which were held once a day. 
Antibacterial therapy in both groups lasted 5-8 days. 

Assessment of the effectiveness of ITEP involved 
a number of clinical and laboratory research 
methods: determination of the time course of pain 
on a visual analogue scale (VAS) [15]; cytological and 
microbiological analysis of purulent wound 
cleansing [16, 17]; evaluation of planimetric 
indicators; intra-wound temperature (IWT); criteria 
for assessing endogenous intoxication (leukocyte 
intoxication index (LII), the level of molecules of 
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medium weight (MMW) [18, 19]. The studies were 
performed on days 1, 3 and 5 of treatment. 
Statistical processing of the results was performed 
using the Student's t test. The pairwise correlation 
coefficient was used to determine the relationship 
between quantitative traits. 

Results 

The study showed that the microbial landscape of 
the wound was mainly represented by facultative 
aerobic flora [20]. A significant proportion was 
represented by monocultures of coccal flora, the 
major part of which were golden, epidermal, and 
purulent streptococci. Two-component S.aureus and 
S.pyogenes, as well as S.aureus and S.epidermidis 
predominated among the associations of 
microorganisms. 

The study of microorganisms showed that the 
isolated strains had a pronounced sensitivity to 
ceftriaxone. This is especially true of staphylococci, 
which have shown 100% sensitivity to the drug. The 
obtained results led to the use of this antibiotic in 
the treatment of odontogenic inflammatory 
diseases. 

Assessment of the time course of purulent wound 
cleansing in patients with odontogenic purulent-
inflammatory diseases showed a qualitative result in 
patients of the main group. It was found that wound 
cleansing in 45.9% (Table 1) of patients in the main 
group occurred on the 2nd day, on the 5th day in 
100% of patients, whereas in patients of the control 
group, these figures were 18.2% and 95.5% 
respectively (Fig. 1). 

Evaluation of pharmacodynamics of the antibiotic 
(ceftriaxone) in the saliva of patients of both 
observation groups showed that the use of 
intratissue electrophoresis of ceftriaxone in the 
treatment of inflammatory diseases of the MFA 
increased its concentration in saliva by 2-5 times 
compared to other routes of antibiotic 
administration. 

Statistical processing of the obtained data 
revealed a significant difference in the 
concentration of antibiotic in the saliva of patients 
of the main group in comparison with the control, 
and this difference was stable throughout the 
observation period. Thus, the use of ITEP in the 

complex treatment of inflammatory diseases of the 
MFA contributed to the creation of constant 
therapeutic concentrations of the drug in the center 
of inflammation, accelerating the rate of purification 
of the purulent wound. 

In order to comparatively assess the processes of 
purulent wound regeneration in patients of the 
control and main groups, we conducted a 
planimetric and cytological examination of the 
wound. It has been demonstrated that the use of 
ITEP of antibiotics in the complex therapy of 
odontogenic inflammatory processes stimulates 
reparative processes in the form of faster changes 
in the phases of the wound process. 

Physical examination of the purulent wound on 
the first day of the study showed no significant 
differences in patients of both groups: there were 
hyperemia and edema of the wound tissue, 
pronounced density and tenderness on palpation of 
the wound edges, moderate purulent exudation of 
the wound and purulent-necrotic plaque on the 
walls and fundus of the wound. However, during 
treatment, the macroscopic picture of the wound in 
patients of the main group was characterized by 
pronounced processes of purification, repair and 
epithelialization. Thus, on the 3rd day of the study, a 
small amount of serous-purulent exudate and a thin 
layer of fibrin were determined only on the wound 
walls. There were single granulations on the fundus 
of the wound. On the 5th day, there was a 
contraction of the wound edges and a pronounced 
growth of the granulation wound. 

Patients of the control group on the 5th day still 
had slight redness and infiltration of the wound 
edges, which remained compacted, but painless. A 
small amount of serous exudate was discharging 
from the wound. Signs of the third phase of the 
wound process were poorly represented in the form 
of a single growth of granulation tissue, bleeding 
easily when touched. 

The macroscopic characteristics of the purulent 
wound were confirmed by planimetric examination. 
Contraction rate in patients of the main group was 
found to be higher than in patients of the control 
group during the entire observation period.  

Analysis of the time course of the main laboratory 
parameters also confirmed the advantage of using 
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intratissue electrophoresis of ceftriaxone in the 
complex treatment of inflammatory diseases of the 
MFA (Table 2). In the main group, the decrease in LII 
and segmental neutrophils occurred on the 3rd day 
of postoperative treatment. Similarly, a 
normalization of the number of lymphocytes in 
patients of the main group occurred in the direction 
of their increase. The level of MMW on the 5th day 
of treatment was significantly lower compared to 
the first day, in contrast to the control group, where 
this figure decreased slightly during the study 
period. 

Discussion 

Since antibiotic therapy is a vital part of 
management of odontogenic infections, this will 
guide in providing adequate empirical antibiotics 
including Ceftriaxone (3rd generation 
cepholosporin) [21]. This will reduce mortality and 
morbidity associated with inflammation of 
maxillofacial area. Antibiotics are often prescribed in 
a manner that is schematic and unreasonable (on 
patient’s request), particularly, in viral infections or 
fever of unknown aetiology, which results in greater 
number of unfavorable complications [12, 22]. So, 
detection of nature of pathological process should 
be primary [23, 24] in management of patients with 
inflammatory diseases of the maxillofacial area [25, 
26]. 

Indicative results of our study is the characteristic 
of the difference in changes in the cellular 
composition of the wound at different stages of 
treatment in the form of reduction of alternative 
and exudative disorders in patients of the main 
group, the formation of cellular diferons 
characteristic of the proliferation phase (epithelial 
cells and fibroblasts). The analysis of smears-
imprints of both groups on the 5th day of treatment 
revealed that in patients of the main group the 
number of neutrophils during treatment was 
reduced by 2 times and lymphocytes by 3.1 times 
compared with patients in the control group. Most 
neutrophils in the smears of patients of the main 
group were characterized by complete 
phagocytosis, which indicated the purification of the 
wound from pathogenic microflora that is 
connected with previous study [27]. 

We analyzed pathogenesis of odontogenic 
inflammatory diseases of the MFA in children. There 
was a pronounced periodic dependence of 
odontogenic inflammatory processes on the age 
and sex of the child. Based on the study of the 
frequency of exacerbations, there were three age 
groups: from 3 to 8 years, from 8 to 11 years, and 12 
years or more. The study showed that the periods of 
the maximum number of exacerbations of 
inflammatory diseases of the MFA occurred at the 
beginning of each age period, and the largest 
deviations of laboratory parameters from the norm 
were observed in the first two years of each age 
period. Accordingly, it can be assumed that the 
beginning of each age period corresponds to the 
most severe course of the disease, i.e., children 
aged 3-4, 8-9, 12-13 and 17 years are a “risk group” in 
the development of complicated forms of 
odontogenic inflammatory diseases of the MFA. 

Periosteitis is more common in children under 8 
years of age and phlegmons are more typical in 
children aged 8-12 years. The predominant 
involvement of the mandible was determined. The 
severity of the disease was determined by the 
volume and nature of presentation, general 
disorders (weakness, fever, intensity of pain), as 
well as local manifestations of the inflammatory 
process, such as tenderness on palpation, swelling, 
redness, dysfunction of the dental apparatus. 

Evaluation of laboratory parameters on the first 
day of observation revealed that most of them were 
within normal limits. Above normal, on average, 
were indicators of leukocytes, segmental 
neutrophils and ESR. The intensity of the 
inflammatory process was also indicated by 
increased values of medium weight molecules and 
leukocyte intoxication index. 

Some laboratory parameters have been linked to 
intra-wound temperature. Thus, the total body 
temperature was closest to normal while 
maintaining normal IWT, and increased with the 
deviation of IWT in the direction of lower and higher 
values. The scatter of values of indicators of blood 
increases both at the lowered, and at the raised 
IWT. Thus, both decrease and increase of IWT are an 
unfavorable sign of purulent inflammatory process.
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It was found that the connections of blood 
parameters were obtained only for IWT and were 
not so clear for body temperature, i.e. they were 
caused by an abnormal inflammatory process in the 
maxillofacial area. This may be due to the degree of 
infection of the wound, the type of microflora and 
their toxic life products. 

The study involved an assessment of features of a 
course of inflammatory process depending on the 
diagnosis. Patients with odontogenic phlegmon 
were found to have markedly elevated values of 
MMW and LII, indicating an acute onset of the 
disease, and a combination of high values of 
segmental neutrophils and the lowest values of 
lymphocytes. Almost all cases occurred during the 
cold season. In patients with phlegmon, the 
examination revealed a combination of normal 
values of IWT and an increased number of 
lymphocytes with a faster decrease in MMW. That 
is, the disease can be described as acute, not prone 
to recurrence, occurring secondary to a normal 
immune response. 

Patients with odontogenic periosteitis of the jaws 
were usually found to have a moderate increase in 
the level of MMW and LII, with the maximum 
increase in the number of patients aged 3-4, 8, 12 
and 17 years. The minimum mean age of patients 
was 7.2 ± 0.5 years, maximum IWT, maximum 
deviation of neutrophils (above normal) and 
lymphocytes (below normal). The decrease in the 
level of MMW during treatment was somewhat 
slower than in patients with phlegmon, which may 
be due to insufficient immune response to acute 
inflammation, which can trigger re-exacerbation of 
the inflammatory process. 

Despite the lower level of MMW compared to 
patients with phlegmon and periosteitis, at the end 
of treatment the MMW values were higher than in 
other selected groups. Even in the case of initial 
consultation, we can assume that when diagnosing 
periosteitis there is an exacerbation of a chronic 
disease with a pronounced systemic component. In 
the case of periosteitis, especially at the age of 5, it 
may be a primary exacerbation, which, due to an 
imbalance of the immune response, can develop 
into a chronic process. Accordingly, the set of 

therapeutic measures should include methods 
aimed at maintaining the immune status of the 
body. 

Patients with different diagnoses differed 
markedly by gender, age, and some clinical features. 
These differences need to be considered when 
evaluating the effectiveness of treatment methods. 
The dependence of odontogenic inflammatory 
diseases on the general condition of the body was 
also manifested in the fact that in most obese 
adolescents, high LII values were detected more 
often. The coincidence of the periods of 
exacerbation of odontogenic diseases with the 
periods of development of the child's body allows 
us to draw conclusions about their close 
relationship. 

Characterizing the time course of changes in 
general condition, pain and volume of tissue edema, 
it should be noted that the restoration of these 
criteria was almost the same in both groups of the 
study. However, there was a tendency to faster 
normalization of the general condition and 
reduction of pain among patients in the main group. 
Already on the 3rd day of treatment, more than half 
of the children had the symptoms of endotoxicosis 
eliminated, and the pain indicators for VAS 
significantly decreased. Restoration of mandibular 
function and reduction of inflammatory tissue 
edema also occurred more rapidly in patients who 
underwent intratissue ceftriaxone electrophoresis in 
combination therapy. 

The study showed that the gradual decrease in 
the level of MMW took place regardless of the 
method of treatment. However, in some patients 
the change in this indicator had its own 
characteristics. Based on the data obtained, patients 
were divided into three groups. The first group 
consisted of children who had low values of MMW 
at the beginning of treatment, which increased 
significantly at the end. In the second group, the 
values of MMW were moderately increased at the 
beginning of treatment, and significantly decreased 
by the end. In the third group at the beginning of 
treatment, the values of MMW were significantly 
increased, at the end of treatment decreased to a 
minimum compared to other selected groups.
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Patients in the formed groups differed in clinical 
and laboratory parameters. A moderate increase in 
the MMW values at the beginning of the disease 
was shown to be a favorable sign for the further 
course of the disease. The values of MMW from 
0.250 to 0.325 corresponded, on average, to a lower 
level of toxicity (LII), smaller deviations from the 
norm of the number of neutrophils and 
lymphocytes. A moderate increase in stab 
neutrophils (within normal limits) was also usually 
accompanied by a milder course of the disease. 

The proposed method of treatment contributed 
to a faster normalization of the general condition, 
reducing the symptoms of endotoxicosis by 
neutralizing the effects of pathogenic microflora 
and their toxic life products. The latter was achieved 
by a targeted effect on the source of inflammation 
of the galvanic current, which contributed to the 
creation of elevated concentrations of the antibiotic 
and prolonged its therapeutic effect in the abnormal 
area. Due to the change in redistribution of the 
antibiotic in the body, the risk of allergic reactions 
was reduced, which was confirmed by a steady 
trend in reducing the number of eosinophils during 
treatment. 

The use of a combined effect of antibiotics and 
galvanic current accelerated the healing time of a 
purulent wound. Normalization of the main 
laboratory indicators of inflammation was also 
faster, significantly affecting the duration and 
quality of treatment. There were no complications 
and chronicity of acute inflammatory processes 
during intra-tissue antibiotic electrophoresis in the 
study period.  

Our study was limited by localization of patients 
in one region with overlooking possible influence of 
environment condition [28, 29] and harmful habits 
[30, 31]. So that study could be continued with 
modern methods of investigation [32].  

Thus, the study of the findings indicated a 
pronounced positive result in the use of intra-tissue 
electrophoresis of antibiotics in the complex 
treatment of acute odontogenic inflammatory 
diseases in children in comparison with other routes 
of administration. The method is promising and can 

be recommended for widespread use in clinical 
practice. 

Conclusions 

1. The use of intratissue administration of 
ceftriaxone helped to reduce alternative and 
exudative disorders, which was manifested in a 2-
fold decrease in the number of neutrophils, 3.1-fold 
decrease in the number of lymphocytes in 
comparison with traditional treatment. 

2. In intratissue electrophoresis of ceftriaxone, 
purification of the purulent wound from pathogenic 
microflora on the 2nd day was observed in almost 
50% of patients. Traditional antibacterial therapy 
helped to clean the wound in only 18.2% of patients 
on the 2nd day of treatment. The proposed method 
of treatment increased the concentration of 
ceftriaxone in saliva by 2-5 times and created long-
term therapeutic concentrations of the drug in the 
inflammatory focus. 

3. Clinical and laboratory study showed that 
intratissue electrophoresis of ceftriaxone 
significantly affected both the time course of the 
general condition and laboratory parameters, which 
was manifested in the normalization of clinical 
symptoms in more than 50% of patients on the 3rd 
day of treatment, a statistically significant decrease 
molecules of medium weight from 0.360 to 0.280 
standard units (p <0.05) on the 5th day of 
treatment, reduction in the number of segmental 
neutrophils, intoxication index (LII) from 2.01 to 1.07 
standard units (p <0.05) on the 3rd day of 
postoperative treatment. 
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Table 1. The concentration of ceftriaxone in saliva (μg / ml) 

Time from the beginning of 
treatment, h 

Patient group 

Main (n=11) Control (n=11) 

1 0.18+0.08* 0.06+0.04 

2 2.42+1.55* 0.48+0.25 

3 2.20+1.62* 0.89+0.43 

6 0.81+0.51* 0.43+0.23 

12 0.40+0.25* 0.16+0.06 

24 0.08+0.03* 0.05+0.02 

*- significant difference of the indicator as compared with the control group 

 

 

 

Figure 1. Time course of excretion of microorganisms from purulent foci in patients with odontogenic 
inflammatory diseases of the maxillofacial area 
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Table 2. Some laboratory parameters of patients of the main and control groups 

Indicator 

Groups 

All patients Phlegmon Periosteitis 

Main 

n = 41 

Control 

n = 59 
Main n = 16 

Control 

n = 17 
Main n = 25 

Control 

n = 32 

1 2 3 4 5 6 

Age, years Day 8.90.7 8.90.5 11.30.8 8.91.1 5.01.2** 7.50.5 

Hemoglobi
n 

1 1253 1213 1254 1207 1275 1215 

5 1242 1283 1243 1274 1254 1334 

Color 
indicator 

1 
0.850.00

8 
0.840.0

06 
0.850.012 0.840.011 0.850.016 

0.840.00
8 

5 0.850.00
9 

0.870.01
0  ̂

0.840.012 0.860.011 0.870.019 
0.890.01

8^ 

Leucocyte
s, 109/l 

1 10.00.6 10.00.4 9.60.8 11.00.8 10.51.1 9.60.6 

5 7.10.4^ 7.60.3  ̂ 6.90.4  ̂ 7.60.4  ̂ 7.00.8  ̂ 7.50.6  ̂

Eosinophil
s, % 

1 1.110.27 1.580.24 1.470.55 1.400.33 1.000.44 1.810.37 

5 
1.420.27*

* 
2.480.34

^ 
1.410.32** 2.710.47  ̂ 1.330.47 2.360.62^ 

Stab, % 

1 4.00.40 3.10.29 4.30.65 2.70.48 3.90.68 3.10.41 

3 3.20.28 3.30.23 2.90.30 3.40.33  ̂ 3.00.41 3.10.38 

5 3.20.21 2.70.25 3.10.23 2.50.38 2.90.42 2.60.36 

Segmente
d, % 

1 66.91.4 68.61.2 68.02.2 72.81.9 67.42.6 66.21.8 

3 59.11.4^ 61.01.9  ̂ 61.61.4^ 59.32.8  ̂ 53.82.3*  ̂ 64.93.1 

5 54.22.1  ̂ 55.51.9  ̂ 55.53.2^ 55.12.6  ̂ 52.93.2  ̂ 53.23.2  ̂

Lymphocyt
es, % 

1 24.21.5 22.71.3 22.22.4 19.12.1 23.92.3 24.71.9 

3 32.51.5  ̂ 30.91.7  ̂ 30.41.5  ̂ 31.72.3  ̂ 38.026**  ̂ 28.22.9 

5 37.92.0  ̂ 35.71.8  ̂ 37.53.3  ̂ 35.92.4  ̂ 38.72.8  ̂ 37.62.9  ̂

Monocytes
, % 

1 3.90.35 4.00.32 4.20.7 3.90.5 3.90.6 4.20.5 

5 3.00.36 3.70.34 2.70.29*  ̂ 3.60.40 2.90.56** 4.40.70 

ESR, 

mm/h 

1 9.41.4 8.00.9 9.11.5 11.11.9 6.41.6 6.91.0 

5 10.12.1 7.51.1 12.23.6 9.51.7 7.31.3** 4.20.52 
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LII 

1 2.010.26 1.800.20 2.300.51 2.280.44 2.070.37 1.550.23 

3 1.070.16  ̂ 1.400.30 0.890.09  ̂ 1.210.27 0.760.10  ̂ 1.840.65 

5 0.810.08  ̂
0.780.14

^ 
0.830.09  ̂ 0.820.25^ 0.720.14^ 0.650.10  ̂

MMW 

1 0.360.019 
0.330.01

0 
0.390.036 

0.340.02
5 

0.340.25 0.320.011 

3 0.330.018 
0.310.01

3 
0.350.033 

0.320.02
9 

0.330.028 0.300.012 

5 
0.280.00

9  ̂
0.310.02

0 
0.280.012*  ̂ 0.320.022 0.280.018  ̂ 0.310.044 

IWT, 
degrees 

1 36.70.19 37.00.16 36.50.21 36.70.36 37.40.19 37.20.13 

3 36.40.23 36.70.17 36.30.35 36.60.17 36.80.17  ̂ 36.90.12 

5 36.30.19  ̂
36.30.27

^ 
36.30.41 36.50.49 36.60.13  ̂ 36.70.29  ̂

* p < 0.1; ** p < 0.05; (statistical significance of differences in indicators in the main and control groups) 

^ p < 0.05; (statistical significance of changes in indicators during treatment in relation to the results of the 
study on the 1st day) 
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