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Abstract: Hydrogels on the base of dialdehyde of hyaluronic acid (DHA) and 

chitosan, modified by succinic anhydride (MCTS), with entrapped mitomycin C 
(MMC) are obtained for antiglaucoma filtering surgery in ophthalmology. Such 
hydrogels contain no toxic cross-links and cross-linkers due its formation is related 
to cross-links –C=N- (between aminogroups of MCTS and aldehyde groups of DHA) 
called as Schiff base. The effect of way formation of solutions on retention of 
mitomycin C from hydrogels is studied.  

Keywords: hyaluronic acid; chitosan; mitomycin C; hydrogel; drug delivery 
Introduction. Biopolymers of glycosaminoglycan line – hyaluronic acid (HA) 

and chitosan (CTS) represent special interest due to their using as scaffolds for drug 
preparations because besides diffusion-controlled release of medical preparation, they 
address deliver to systems and organs of body, they exhibit high biocompatibility and 
possess broad spectrum of biological activity, they at some cases show obvious 
synergetic effect of action of biopolymers and pharmaceutic base.1-6 At the same time 
fixing of medical products on the biopolymer have been realized so way, as to 
provide it’s diffusion-controlled released with safety of medical properties and 
biocompatibility of polymer carrier. It is promoted by development of medical forms 
on the base of HA and CTS (hydrogels, films, complexes, different scaffolds and 
others) with drugs7-9 including mitomycin C (MMC). Recently MMC is widely used 
in ophthalmology in glaucoma operations for retention of drainage effect for a long 
time. Excessive exudative-fibrotic response and hyperactive regeneration in 
postoperative period not only reduces the effectiveness of surgical action and also 
lead to severe complications. The use of cytostatics (MMC) provides long 
antiproliferative effect. However, there is a possibility of complications due toxic 
action of drug (long hypotonia, scleral staphyloma), that reduce hypotensive effect of 
surgical operation. Therefore it’s a challenge of designing of medical forms and 
medical systems, that would provide prolonged action of MMC and at the same time 
not lead to evolution of complications due toxic action of the drug. 

Introduction of different functional groups in macromolecules of HA and CTS 
with its modifications could allow not only the preparation of hydrogels on the base 
of HA and CTS by their interaction but also fixing medical preparation on a 
polymeric matrix. Moreover, native HA in body is quickly degraded by action of 
enzymes and free radicals, that limits its use in cases which are required prolonged 
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medical effect, and majority brands of CTS is dissolved only in acidic medium and 
cannot used in ophthalmology.10,11 

Therefore the aim of this work was modifications of HA and CTS for hydrogel 
preparations on their base with an extended selection of MMC.   

Experimental 
Materials. All of the commercially obtained solvents and reagents were used 

without further purification, except as noted below. Hyaluronic acid, succinic 
anhydride, ninhydrin, sodium periodate, epichlorohydrin, ethylene glycol were 
purchased from Sigma-Aldrich. Three brands of chitosan were obtained from 
Bioprogress and Chimmed.. Mitomycin C was from Vero-pharm. 

Methods. Modification of HA by epichlorohydrin.  
The 0.1% solution HA in water was acted by epichlorohydrin in the mixture of 

NH4OH and NaOH (10% solution NH3 in water and 0.3% solution of NaOH) with 
ratios of components (mol/mol): NH4OH : NaOH = 10 : 10.12 A portion of HA 
containing 1 mmol disaccharide units was dissolved in 300 ml distilled water for 3 
days at room temperature at constant stirring. To the obtained solution 200 ml of 
mixture containing 10 mmol NH3 and 10 mmol NaOH has been added. EpCl also has 
been added in correlation: 2.5, 5.0, 7.0, 10.0 (mol/mol disaccharide units of HA). 
Reaction was carried out at constant stirring in 24 hours at 25±0.1 ºC. The reaction 
mixture was purified by dialysis against water for 3 days, replacing the water every 
12 hours. After the lyophilization a modified hyaluronic acid was received. 

The degree of modification was determined by 1H NMR spectra by comparison 
of integrated intensities of methyl protons of acetamidic fragment with triplet of 
CH2Cl-protons. 

Modification of HA by sodium periodate oxidation. Aldehyde groups have 
been introduced in macromolecules of HA by sodium periodate oxidation. Into the 
solution of HA in water (concentration 10 mg/ml) 0.5 M solution of sodium periodate 
has been added by drop with equimolar correlation. Reaction was carried at constant 
stirring in 2 (DHA-2), 4 (DHA-4), 12 and 24 (DHA-24) hours at 25±0.1 ºC in the 
darkness. Not reacted periodate was inactivated by ethylene glycol addition. After 
dialysis of reaction mixture polymer was recovered and dried by lyophilization.13,14 

The degree of modification is calculated using 1H NMR spectra by comparison 
of integrated intensities of the methyl group protons of acetamidic fragment and the 
sum of proton signals of  hydrated form of aldehyde in DHA. 

Modification of CTS by succinic anhydride. Chitosan samples were modified 
by succinic anhydride. For this, 0.5 g of chitosan was dissolved in 40 ml 5% lactic 
acid with stirring for 1 day. 1.5 g of succinic anhydride was dissolved in 160 ml of 
methanol and was added to the chitosan solution. The reaction mixture was kept at 
constant stirring at room temperature for 24 hours. Modified chitosan (MCTS) was 
precipitated at pH 8-9 by acetone. The precipitate was filtered, redissolved in distilled 
water and dialyzed during 3 days. The purified product was precipitated by acetone 
and dried under vacuum up to constant weight.10,16 

The degree of modification (DM) for MCTS has been evaluated by the 
ninhydrin analysis. 
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Briefly, series of chitosan solutions in 0.5% acetic acid with concentration range 
of 0.05-0.2% were prepared. From each solution 3 parallel sample of 0.2 ml were 
selected, then 2.5 ml of phosphate buffer solution (pH=6.6) and 0.5 ml of 1% 
ninhydrin solution were added to each other. The mixtures were heated for 60 
minutes in boiling water bath, cooled and quantitatively transferred in volumetric 
flasks with capacity of 50 ml, the amounts were diluted to the mark and were 
photometried at 570 nm. The solution obtained by the mixing of ninhydrin and 
phosphate buffer was used as a comparison solution. 

Calibration curves of the optical density of the degree of deacetylation of CTS 
(DD) were built. The content of aminogroups in the modified samples was 
determined by the calibration curve corresponding to the initial sample of chitosan by 
the formulas: 

                                                                                (1) 

                                                              (2) 
where A(MCTS) – the optical density of 0.2% MCTS solution at 570 nm; DD 

(CTS) – degree of deacetylation of chitosan; A(CTS) – the optical density of 0.2% 
chitosan solution at 570 nm; n(R-NH2) – the number of aminogroups in the modified 
chitosan, %; n(R-COOH) – the number of modified carboxyl groups in chitosan. 

Determination of degrees of deacetylation of chitosans. In order to modify 
there were used three chitosan brands, varied by deacetylation degrees (DD) and 
molecular masses (MM). DD was evaluated by acid-base titration with potentiometric 
definition of equivalence (table 1), and was calculated with the formula:15 

                                                                                        (3) 

where m is the mass of CTS in the sample (g), C(NaOH) – concentration of 
sodium hydroxide solution, gone on titration of aminogroups (mol/l); 203.2 – 
molecular mass of acetylated monosaccharide unit of polysaccharide; 42.0 – the 
difference of molecular masses between acetylated and diacetylated of 
monosaccharide units; 1000 – multiplier of conversion  from milliliters to liters. 

Determination of characteristic viscosities and MM. Characteristic viscosities 
of unmodified and modified samples were determined by the method of viscosimetry 
with viscosimeter Ubellode at 25±0.1 ºC and Mv for initial samples was calculated by 
the Mark-Kun-Hawink equation: [η]=2.9*10-4M0.8 (for HA in physiological 
solution)17 and [η]=1.38*10-4M0.85 (for CTS in acetate buffer, pH=4.5).18 

For original and modified polymer samples with high MM sedimentation 
constants were found using ultracentrifuge MOM-3080 and molecular mass was 
calculated: 

                                                                                              (4) 

where F1/3P-1 – hydrodynamic invariant = 2.71*106. 
Molecular characteristics of samples with low MM values before and after 

modification were determined by the method of sedimentation equilibrium (Mz). 
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                                                                            (5) 

where is R =8.31 Joule/mol·K; T – absolute temperature, K; ω = 2πn rp/sec; n – 
a number of rotor’s revolutions; (1-νρ0) – Archimedean multiplier, where – ν specific 
partial polymer volume; ρ0 – density of solvent. 

Methods of isomolecular series and molar ratios. Interaction of polymers 
with MMC was estimated by UV spectroscopy in physiological solution and using 
methods of isomolecular series and molar ratios. The constants of complex stability 
(K) on the tandent of the dependence [C0]/A-A0 on 1/[MMC] were defined. Here A 
and A0 are optical densities of solutions in the presence and absence of MMC; [C0] is 
initial concentration of the substrate; [MMC] – concentration of mitomycin C.20,21 

Hydrogel preparation and its characterization. Solutions of DHA-24 were 
prepared in phosphate buffer solution (pH=7.4) with concentration from 0.1% to 2%. 
Samples of different modified chitosan brands (MCTS-1, MCTS-2, MCTS-3) were 
also dissolved phosphate buffer solution (pH=7.4) with concentration from 0.1% to 
2%. For hydrogel preparation solutions of modified polymers with different 
concentrations and MMC solution have poured. Solutions were thermostated at room 
temperature. 

Solution of DHA was mixed with solution of MCTS in vial. The gelling time 
was assessed visually. 

The diffusion of MMC out of gel in physiological solution was determined by 
means of UV-spectroscopy for maximum absorption at 364 nm.  

FTIR, NMR, UV analysis 
1H NMR and 13C NMR spectra were registered with spectrometer Bruker 

Avance-500 in D2O using as an internal standart TMS. For 1H NMR spectra working 
frequency was 500 MHz. UV-spectra were recorded using spectrophotometer 
Schimadzu. IR spectra were registered  on the unit Tensor-27 (“Bruker”) 

Results and discussion. Characterization of polymers. Two ways of HA 
modification were used. So, HA was modified by epichlorohydrin in the ammonia-
alkaline solution at various initial reagents ratios. It was found that with the ratio of 
mol disaccharide units HA per mol of EpCl of 2.5  water-soluble products of MHA 
were formed (Scheme 1). In earlier studies12,22,23 it have been showed that depending 
on the pH of reaction solution interaction of EpCl with HA may occur as primary 
hydroxyl group and amino groups, formed by HA deacetylation. 

The study of the soluble sample MHA by the method of 13C NMR spectroscopy 
showed that at spectrogram disappeared signal in the area 60.46 ppm typical for the 
carbon of primary CH2OH group, but there were a coupled signal triplets in the field 
65.09 ppm belonging to two –CH2O- groups in modified fragment and triplet at 48.0 
for –CH2Cl. The band of 25 ppm of acetamide group’s carbon atom is saved. Thus 
under these conditions modification runs through primary hydroxyl group with 
formation of ether links. In the 1H NMR spectrum the doublet of doublets with center 
at 3.65 ppm is appeared for CH2Cl-groups with constants 7.0 and 8.0 respectively. 
The calculated degree of modification for MHA is 88%. 

With increasing molar ratio between EpCl and HA cross-linked polymer is got 
that precipitates (Scheme 2). 
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Vicinal hydroxyl groups of HA by sodium periodate oxidation are replaced with 
two aldehyde groups (Scheme 3). 

The formation of aldehyde groups in macromolecules of HA confirmed 
spectroscopically. In the infrared spectrum of DHA new bands in the area 2790 and 
1725 cm-1 (vibrations of C-H and C=O groups) are received. It is typically for 
aldehydes. In accordance with [24] HA dialdehyde exists in solution in hydrated 
form, so in 1H NMR spectrum of modified samples three signals appear in the region 
of 5 ppm, instead of the expected 9-10 ppm. 

Degrees of DHA modifications were calculated by comparison of integrated 
intensities of hydroxyl groups signals of hydrated form of aldehyde with the signal of 
methyl group of acetamide fragment in 1H NMR spectra. For the sample DHA-2, 
modified within 2 hours, any changes in the spectrum practically are not observed. 
Obviously, modification of HA for 2 hours was held in a small extent. The 
modification of the sample DHA-4 (4 hours of oxidation) was 15%, and DHA-24 (24 
hours of oxidation) – 27%. 

Modifications of chitosan samples with different deacetylation (DD) (table 2) 
were carried out by their interaction with succinic anhydride in acidic-ethanol 
solution (Scheme 4). In CTS macromolecules polar carboxyl groups was introduced 
and in contrast to original CTS modified samples were dissolved in water and 
physiological solution. 

The structure of obtained samples confirmed by data of UV, IR, NMR 13C and 
1H-spectroscopy. The degree of modification (DM) was estimated by ninhydrin 
analysis, the data are given in Table II. It is seen that the DM of CTS samples 
correlated with the degree of their deacetylation to some extent but probably also 
influenced by molecular characteristics of samples. 

Evaluation of molecular characteristics. As follows from the data presented in 
Table I, the [η] values of MCTS samples to some extent were decreased. Significant 
decline of [η] was observed after modification of HA. The decrease of [η] can be 
caused both by decrease MM or change affinity of polymer to solvent. So, values of 
MM for original and modified samples were defined by absolute methods. In the case 
of samples with high values of MM (CTS-2, MCTS-2, HA, MHA, DHA-2) the 
constants of sedimentation were determined by the method of high-speed 
sedimentation and values of viscosity were calculated. For samples with low MM the 
method of sedimentation equilibrium was used and the size of Mz was determined. A 
significant decrease of MM is observed in the case of modification of HA by sodium 
periodate (to 13000). MM decreases less after chitosan modification. Apparently 
under the action of reagents β-glycosidic linkages in the modifications of polymers 
were broken partially according to random law.  

Interaction between modified or unmodified polymers with MMC. The 
possibility of interaction between the modified or unmodified HA and MMC in 
physiological solution (0.9% NaCl) was investigated by the method of UV-
spectroscopy. 

There are three absorption bands in the region of 364, 250 and 217 nm in the 
UV spectrum of MMC which belong to two types of chromophores (Figure 1). There 
are cromophores with π-π* transition of double carbon-carbon bonds of six-
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membered cycle MMC and n-π transitions of three carbonyl groups of MMC. Two 
carbonyl chromofore unequal involve as with electron-deficit double carbon-carbon 
bonds of six-membered cycle MMC and with  electrodonor groups, one of which is 
connected with the -NH2 and the second with -CH3 and :N≡ fragments. The third 
carbonyl chromofore in MMC also carries with NH2-group of the NH2-COO-CH2 
depute in the five-membered heterocycle of MMC. The pairing of carbonyl 
chromophores in MMC with π-electron of double bonds in the UV spectra of 
absorption leads to considerable bathochromic shifts of maximum n-π bands to the 
longer-wavelength part of the spectrum (offset from the usual for carbonyl 280 nm up 
to 364 nm). In turn, the absorption band of carbonyl composed of the NH2-COO-CH2 
deputy in five-membered heterocycle, by contrast is undergoing gipochromyc shift of 
the maximum of n-π transition since it is associated with isolated electrodonor NH2-
group. Absorption at the 250 nm is typical for quinoines with different degrees of 
substitution, their positions and types of deputies (as observed for MMC). The 
chromophore with absorption band due to the transition of π-π electrons of double 
carbon-carbon bands of six-membered cycle in MMC is observed in the electron 
spectrum of absorption at 217 nm. 

HA or MHA solutions were mixed in antibatic relationships with solution of 
MMC and were kept at room temperature or at 55 ºC within 2 hours. In the UV 
spectrum for solutions of unmodified HA and MMC (Figure 1) as at room 
temperature and after warm-up there was a slight displacement (2 nm) of the 
maximum of absorption at λ=217 nm. Research by methods of isomolecular series 
and molar relationships was indicated that complexation is occurred with one 
disaccharide unit HA per one molecule of MMC (Figure 2). The constant of 
resistance is 3·105 l/mol. 

The absorption  at 310 nm was appeared in the UV spectrum after warming up 
of mixtures MHA and MMC (Figure 3). Probably it is connected with disclosing of 
the most reactive asiridine cycle in the molecule of MMC due its attack by hydroxyl 
group of modified by epichlorohydrin fragment of HA (Scheme 5). 

Maximum of absorption in solution of mixtures unmodified HA and MMC at 
room temperature and after warming up in the area of 310 nm was not observed, 
consequently, the reaction on carboxyl group does not procced. Disclosing of asiridin 
cycle under the action of nucleophilic agents was shown in 25,26. Modified by 
epichlorohydrin HA with MMC at room temperature does not form a complex; 
probably, it is due to the formation of intramolecular hydrogen bonds between the 
hydroxyl group at the C6 position and nearest carboxyl group. It is blocked the 
formation of intermolecular complex due to steric and electronic factors. After 
heating modified by epichlorohydrin hyaluronic acid and mitomycin C 
intromolecular hydrogen bond weakenes and as a result chemical interaction between 
MMC and MHA has been. The formation of intromolecular hydrogen bonds is 
confirmed by the shift of the absorption bond of carboxyl group for MHA in low field 
at 2.5 ppm (13C NMR). 

In the same way the possibility of complexation between DHA-24 and MMC in 
physiological solution was investigated. Using the method of isomolecular series and 
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molar relationship the structure of complexes and constants of stability were defined 
(Table III). 

The possibility of complexation between CTS and MMC in physiological 
solution at room temperature was shown. It was found that the one monosaccharide 
unit of CTS has one molecular of MMC. 

Moreover, as seen from the table 3 for the sample of CTS-1 more stable 
complexes are formed at interaction of the carbonyl group of MMC and aminogroup 
of CTS (λ=364 nm) than in the interaction of aminogroups of MMC with hydroxyl 
groups of chitosan (λ=217 nm). 

Modified chitosan also forms a stable complexes with other functional groups 
(aminogroups of MMC and carboxyl groups of MCTS). 

Hydrogel preparation. Because of polyelectrolyte complex formation when 
water solutions of unmodified HA and soluble in water sample of chitosan (CTS-1) 
were mixed sediment was formed (due the interaction of -COOH groups in HA and -
NH2 in CTS). Hydrogels were formed after the changing of pH either acidic or 
alkaline region. These results agree with the data of work 27. As for use in 
ophthalmology one must have a medium with pH close to neutral, that’s why such 
hydrogels we did not use. For the same reason formation of precipitate took place in 
the interaction of MHA and MCTS-2 in solution. 

After the pouring of water solutions DHA-24 and MCTS-2 in the same 
proportions hydrogel is formed. It is shown that the increase of the initial solution 
concentration leads to reduction of gelling time up to 3 seconds (Table IV). Probably, 
in the beginning polyelectrolyte complex between MCTS and DHA macromolecules 
is formed, and then imin cross-links –C=N in the result of interaction of aldehyde 
groups in DHA with aminogroups in MCTS (Scheme 6). The evidence is 
disappearing in the IR spectrum of obtained hydrogel’s band in the region of 1725 
cm-1, belonging to dialdehyde of HA. 

The use of MCTS-3 instead of MCTS-2 is not lead to hydrogel’s formation, 
probably it has too high degree of modification (less aminogroups). 

As follows from the results presented in Table V, the possibility formation of the 
hydrogel is also affected by the ratio between the components in the solution. With 
the increasing of content of DHA-24 the hydrogel is not occurred. 

When MMC is introduced in the resulting hydrogels it was shown that not only 
the structure of hydrogel, but the order of introduction of the components have an 
importance for rate of its release. To study the diffusion of MMC there were used 
hydrogels based on 1% solution of DHA-24 and 2% solution of MCTS-2, which were 
merged with the same volume ratios but in different order. It is seen that the slowest 
diffusion of a drug takes place in case when the solution DHA-24 was first added to 
the solution of MMC and then the solution DHA-24 was added to the solution of 
MMC and then the solution of the modified chitosan was rushed. Apparently this is 
because DHA forms a more stable complexes with MMC than the chitosan. Thus for 
the first six hours less than 40% of MMC were deposit (Figure 4). A further selection 
of MMC occurs within a few months. 

CONCLUSIONS. Thus the modification of chitosan and hyaluronic acid 
allowed to obtain substainable hydrogels on their basis it is permeable to water phase. 
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Table II.  
The composition of the modified samples of chitosan 

Modifi
ed 

sample
s 

DD of 
original 

CTS (%)  

n (R-
COCH

3
) 

(%)  

n (R-
NH

2
) 

(%)  

n (R-
COOH) 

(%)  

DМ 
(%)  

n (R-NH
2
) : n (R-

COOH)  

MCTS
-1  

74.0  26.0  36  38  52  1:1.1  

MCTS
-2  

83.6  16.4  22  61.6  74  1:2.8  

MCTS
-3  

81.4  18.6  15  66.4  77  1:3.6  

 
Table III.  

The constants of stability of complexes of HA, DHA, CTS, MCTS with 
MMC 

Sample n (R-
NH

2
) 

(%) 

n (R-
COOH) 

(%) 

К*10
-5 

(l/mol) 
(maximum at λ 

= 364 nm) 

К*10
-5

 (l/mol) 
(maximum at λ 

= 217 nm) 

Composition 
of complex 

HA 0 100 - 3.3 1:1 

DHA-
24 

0 100 - 3.0 1:1 

CTS-1 74 0 1.3 0.4 1:1 
MCTS-

2 
22 62 - 1.6 1:1 

 
Table IV. 

Influence of the concentration of initial physiological solutions DHA-24 and 
MCTS on formation of hydrogel 

Mix of 
solutions 

Concentration 
of DHA-24 (%) 

Concentration 
of MCTS (%) 

The time of 
gelation (sec) 

DHA-24: 
MCTS-2 = 1:1 

 

0.1 0.1 No gel 
0.5 0.5 300 
1.0 1.0 40 
2.0 2.0 3 

DHA-24: 
MCTS-3 = 1: 2 

1.0 2.0 No gel 

DHA-24: 
MCTS-1 = 1: 1 

1.0 2.0 No gel 

DHA-24: 
MCTS-1 = 1: 2 

1.0 2.0 120 
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Table V.  
Influence of the ratio of 1% solution DHA-24 and 2% solution of MCTS-2 

on gelation 
Sample Ratio of moles DHA-24 : 

MCTS-2 
Time of gelation (sec) 

1 1:1 36 
2 1:2 24 
3 1:4 17 
4 1:8 18 
5 2:1 No gel 
6 4:1 No gel 

 

 
Figure 1. UV-spectra in solution: ММС (10), HA (11) and mixtures 

ММС:HA = 1:9 (1), 2:8 (2), 3:7 (3), 4:6 (4), 5:5 (5), 6:4 (6), 7:3 (7), 8:2 (8), 9:1 
(9). Solvent: 0.9% NaCl in water, [ММС] = [HA] = 6*10-5 mol/l. 

 

 
a) 

 
b) 

Figure 2. а) Isomolecular chart of complex HA-ММС (method of 
isomolecular series); b) Saturation curve of complex HA-ММС (method of 

molar rationship) 
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Figure 3. UV-spectra in physiological solution: MMC(1), MHA(2), mixtures 

of MMC:MHA, composition 1:4 (3, 7), 2:3 (4, 8), 3:2 (5, 9), 4:1 (6, 10) and after 
waiting for 2 hours at the temperature 25 ºC (1-6) and at the 55 ºC (7-10). 

 
 

 
Figure 4. Diffusion MMC into the physiological solution out of hydrogels, 

produced by different ways: 1 –MMC was added in the solution of MCTS and 
the DHA-24 was poured; 2 – solution of DHA mixed with a solution of MCTS 
and the MMC was added; 3 –MMC was added in to the solution of DHA, and 

then MCTS was poured. 
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Abstract. Treatment of diseases of the TMJ and masseter muscles may be 
divided into expected (initial), causal (elimination of cause of the disease), reparative 
(selective slicing, reconstruction of occlusion with the application of prosthetic and 
surgical methods). Drug treatment includes: management of pain, state improvement of 
cartilage tissue, relief of hypertonia of muscular and ligamentous apparatus of the 
temporomandibular joint.  

Key words: drug treatment, chronic traumatic arthritis, temporomandibular 
joint. 

Therapy of the arthritis in the temporomandibular joint (TMJ) is an 
interdisciplinary task, and not only dentists but also psychologists, neuropathologists, 
therapeutists and doctors of other specialties have to solve it together. 

Emotional tension, exercise stress and occlusive disharmony are the main 
reasons, which cause functional disorders of the masticatory system balance and 
adaptive capacity of the body [1, 3]. 

As a result there are such symptoms as pain, muscular rigidity and fatigue, 
limitation of motion in the area of temporomandibular joints, the phenomenon of pain 
in ears, teeth attrition, odontoclasis and intense load on the alveolodental ligament [4, 
5, 6, 7].  

Traumatic injuries, microtraumas, unbalance in physical stress begin to appear 
in all subsystems of the articular apparatus: ligamenta, capsule, and articular 
cartilage; later they can cause micro injuries with the further development of arthritic 
disorders [2]. 

Permanent injury of joints always results in traumatic injuries of the articular 
cartilage to one extent or another. Dystrophic changes or cramped areas of the 
articular facet of bones gradually lose glitter, become thiner and covered with fissures 
in the form of stars. Such pathological state of cartilage tissue was defined as 
traumatic chondromalacia [2]. 

Treatment of diseases of the TMJ and masseter muscles may be divided into 
expected (initial), causal (elimination of cause of the disease), reparative (selective 
slicing, reconstruction of occlusion with the application of prosthetic and surgical 
methods) [1, 4, 5, 6]. 

The efficiency of the main treatment depends on the relationship “doctor–
patient”, atmosphere in the medical institution, effectiveness and regularity of the 
aftertreatment. The patient will strictly conform to the drawn up plan only if he 
realizes the reasons of changes that take place in his body. Doctor's actions 
during the first visit of the patient should be focused on composing the patient, 
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relieving his anxiety, explaining the further progress of pathological process and 
providing ways out of the current situation.  

The doctor has to persuade the patient in the necessity of self-observation. 
And the patient has to realize his responsibility for the cooperation with the 
doctor in the process of disease treatment. 

Work Objective: to develop a scheme of drug treatment of chronic 
traumatic arthritis of the temporomandibular joint. 

Drug treatment includes: management of pain, state improvement of cartilage 
tissue, relief of hypertonia of muscular and ligamentous apparatus of the 
temporomandibular joint.  

Application of complex antihomotoxic drugs made of plants, biologically active 
substances of animal origin and microelements based on homeopathic technology 
became a new step in management of pain in the temporomandibular joint. Their effect 
is first of all focused on normalization of the functional activity of organs and systems of 
the body by means of initiation, stimulation and regulation of defence mechanisms 
against homeostasis. For this purpose we used “Incena” medicine. 

Pharmacological action: Incena is a pharmaceutical drug containing 
homeopathic dilution of active substances. It shows highly anti-inflammatory, 
immunomodulatory, desensitizing and reparative effect.  Besides, Incena has certain 
analgetic activity. This drug provides reduction of vascular permeability, decreases 
edema and synthesis of inflammatory mediators. It also slows down the accumulation 
of macrophagocytes and leucocytes in the area of inflammation. Incena reduces 
intensity of pain syndrome and improves general state of health of patients with 
various diseases of the musculoskeletal system and wounds (including postsurgical).  

Indications: Incena drug is intended for therapy of patients suffering from 
various forms of degenerative diseases of the musculoskeletal system, including 
arthritis, osteoarthritis, arthrosis and degenerative disc disease. Moreover, this drug is 
prescribed for patients with traumas and wounds, including postsurgical. In the 
complex therapy this drug is used for treatment of collagenoses, glomerulonephritis, 
acute disseminated myositis and rheumatic disease. 

Dosing: Incena drug is intended for oral administration. Drops are used 
undiluted or diluted in a small quantity of drinking water (10-15 ml), for treatment of 
children use only diluted drops. Dissolve the proper quantity of drops in one spoon of 
water immediately prior to usage. To achieve the maximum therapeutic effect we 
recommend to use drops separately from eating and to hold it in the oral cavity for 
some time before swallowing.  It is usually recommended to take a single dose of the 
drug three times a day.  The recommended single dose for adults and teenagers makes 
10 drops. The recommended single dose for children from 5 to 12 years makes 5-7 
drops. The usual length of therapy is 2-3 months.  

Cartilage protectors affecting the potassium and phosphorus metabolism in the 
cartilage tissue, accelerating processes of osseous tissue renewal, suppressing processes 
of degeneration of the cartilage tissue (Dona, Sinarta, Chondroxide) were applied to 
repair and normalize the work of cartilagineus elements of joints. 

Pharmacological properties of Dona, Sinarta: 

URL: http://www.sworldjournal.com/e-journal/j21506.pdf  
Downloaded from SWorld. Terms of Use  http://www.sworld.education/index.php/ru/e-journal/about-journal/terms-of-use 17 



SWorld Journal                                                                                                                                           VolJ21506 

glucosamine sulphate stimulates the synthesis of glycosaminoglycans and 
accordingly of articular proteoglycans. Moreover, glucosamine shows anti-
inflammatory property, slows down the processes of degradation of the articular 
cartilage mostly due to its metabolic activity, ability to suppress the activity of 
interleukin (IL)-1, lysosomal enzymes, collagenase and phospholipase A2. The 
efficiency of treatment by glucosamine sulphate is seen in 2-3 weeks since the 
beginning of the treatment.  

Indications: elimination of osteoarthritis signs: pain and functional limitation. 
Pharmacological properties of Chondroxide: 
local drug having anti-flamatory effects and improving the regenerative 

processes in the cartilage tissue of joints. The drug slows the progression of 
degenerative disc disease and osteoarthritis, has anti-inflammatory and analgesic 
effect activates recovery (regeneration) of cartilage tissue, normalizes metabolism of 
hyaline cartilage structures. Chondroitin sulfate-high molecular weight 
polysaccharide, a natural substance obtained from bovine cartilage. This feature 
slows down bone resorption, reduces bone loss of calcium, accelerates the 
regeneration of cartilage tissue, slows the degenerative processes in the cartilage, and 
normalizes the calcium and phosphorus metabolism. Chondroitin sulfate prevents 
collapse of the connective tissue elements. Effectively inhibits enzymes affecting 
cartilage, increases the formation of synovial fluid. Regeneration of cartilage due to 
the stimulating effect of matter on the synthesis of glycosaminoglycans. Repair tissue 
affects both cartilage surface of joints and tissue joint capsules.  Dimethyl sulfoxide 
causes an improvement chondroitin sulfate penetration through the cell membrane. 
Just has analgesic, anti-inflammatory and fibrinolytic action. Hondroksid used for the 
treatment of pain in the joints, to improve joint mobility, as well as to stop the 
progression of degenerative disc disease and osteoarthritis.  

Indications: prophylaxis and therapy of osteochondrosis, osteoarthritis of the 
peripheral joints.  

Dosing: Hondroksid gel or ointment applied to the skin lesion in 2-3 times per 
day. The drug should be rubbed into the skin until completely absorbed for 2-3 
minutes. The course of treatment – 2-3 weeks (Hondroksid ointment); from a few 
weeks to 2-3 months (Hondroksid gel). If necessary, drug therapy can be repeated. 

Persen was used to overcome emotional tension and to eliminate the side effect due 
to the influence of Dona and Sinarta on the gastro-intestinal tract. 

Pharmacological action: 
Persen is made of plant-extracted products with mild sedation. Valerianae 

rhizomatum extract contains monoterpenes, valerianic acids, sesquiterpenes, γ-
aminobutyric acid, arginine and glutamine. This drug soothes, enhances mood 
relieves symptoms of irritability and agitation. It relieves the signs of emotional 
tension and anxiety. Promotes sleep for insomnia. Does not cause daytime sleepiness. 
Melissae extract soothes, has relaxing effect due to flavonoids, tannin (rosmarinic 
acid), geranium, neroli and cedrat oils, monoterpenes, and triterpenic acids. Menthae 
extract potentiates the effect of valerianae and melissae. 
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Indications: neurotic disorders, when the use of powerful sedatives is not 
rational, and which are accompanied by psychoemotional agitation, impaired 
concentration, loss of sleep, and anxiety. 

Dosing: 2-3 pills of Persen or 1-2 capsules of Persen Forte 2-3 times per day for 
adults and teenagers, who are 12 years old and older.  

Scheme of drug treatment of chronic traumatic arthritis of the 
temporomandibular joint. 

1. Sinarta (or Dona) – 1 ampul + enclosed dissolving agent, IM 
(intramusculary), 3 times per week during 4 weeks, in the morning after meals. 

2. Incena – 10 drops 3 times per day, 1 hour after meals, 30 days. 
3. Hondroksid (gel) – to apply to skin cover in the area of joints 2 times per 

day, 30 days. 
4. Persen – 1 pill 2 times per day, 30 days. 
Conclusions 
1. Currently there is no universal method or an ideal scheme for treatment of jaw 

joint diseases. Complex approach to the problem of pathology of the 
temporomandibular joint regarding all the factors affecting disorders in the functional 
work of the joint allows stabilizing the development of such pathology and relieving 
the patient's condition in the periods of recrudescence. 

2. Establishing definite diagnosis with due accounts for causative factors for 
pathology of the temporomandibular joint allows choosing the most rational method 
of treatment and provides long-lasting remission of the disease. 
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Abstract. Studying the health condition, physical development, and adaptive 
capabilities to physical activity (by Index Ruf'ye.) of 107 Gymnasium pupils of middle 
school age we found out that the most common were combined pathology of the 
musculoskeletal system and somatic pathology - often in the form of functional 
disorders, which is an indication of violations of the vegetative homeostasis of these 
children. Physical development of the majority of children was average or above 
average levels, and the adaptive capabilities of the cardiovascular system to physical 
activity in the majority of children had indicators below average and low levels, 
which allows them to attend only a special group of physical education at 
school.10.6% of the students had above average and high indicators of physical 
health that allows them to attend a core group of physical education. 

Keywords: students of Gymnasium, state of health, physical development, Index 
Ruf'ye. 

In recent years, a network of gymnasiums and lyceums has become significantly 
common in Ukraine. Synthesis of the teaching experience demonstrates the 
increasing volume of workload, complexity of curricula in various disciplines in 
terms of gymnasium education compared to secondary school. Thus, according to the 
scientists [13] more than 40% of elaborated programs and textbooks are focused on 
increased level of education, at the same time the number of gifted children is much 
smaller (6%). The percentage of children with high levels of learning opportunities is 
15%. Overloading students with learning materials ranges from three times (in 
foreign language) to ten times (in mathematics); time spent on homework in 
secondary school is from 7 to 8 hours, in gymnasium from 8.5 to 10 hours [12]. 

According to V.P.Nedilko, T.M.Kaminska, S.A. Rudenko’s investigations [1] 
the adaptive capabilities of more than 20% of schoolchildren in Kyiv were 
unsatisfactory, 60% of the pupils found it difficult to adapt to the school workload. 
The connection between children’s physical development and their success in 
education was set [15]. Some studies show that overloading students of innovative 
schools leads to more significant violations in the mode of day and hygiene basics 
and it is a serious factor of deviations in their physical health [12, 14].  

Because of the fact that the state of students’ health in Ukrainian gymnasiums is 
insufficiently studied, and the few studies that exist relate primarily to younger 
students [13], the aim of our study was to investigate the health, physical 
development and adaptive capabilities of middle school age students in 5-6 school 
grades.  
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We examined 107 students of one of Desnianskyi district schools  by means of 
commonly accepted clinical methods (the assessment of health and physical 
development) and the adaptive capabilities of children to physical activity, according 
to the study of Ruf'ye index (IR), which allows to estimate the reserves of 
cardiovascular system (a measure recommended in Order № 518/674 from 20.07.09. 
by the Ministry of Health of Ukraine) and differentiate 5 levels of the child’s 
adaptation  as a reaction to a particular physical activity (the child does 30 sit-ups for 
40 seconds). The appropriate index was determined by the formula: IR = [4 × (HR1+ 
HR2+ HR 3) - 200]: 10, where HR1 is the pulse during 15 seconds at rest; HR2 is the  
pulse during the first 15 seconds of the first minute of recovery after the exercise; 
HR3 is the pulse during the last 15 seconds of the first minute of recovery. The index 
was evaluated  according to the following criteria: less than 3 is regarded as high;  
from 4 to 6 - above average (good); from 7 to 9 - average; from 10 to 14 below 
average (satisfactory); more than 15 - low (poor) level of adaptation.  

These data of the conducted clinical inspection showed that violation of the 
musculoskeletal system dominated in 97.2% of the children, most of them had 
combined violations. The most common pathology was the  spine damage (70.1% of 
the students) in a form of incorrect posture and scoliosis of I, II degree (respectively 
33.6% and 36.4%); pathology of foot  arch (flat feet, clubfoot) found in 49% of the 
children; chest deformity (16.8%), and residual effects of rickets (7.7%), dental 
disorders and bite anomalies (19.2%), caries - in 11.5% of  the students. In children 
surveyed very common were lesions of the gastrointestinal tract which was diagnosed 
in 41.1% of the children; most of them (31.8%) had functional nature of the disease 
(biliary tract dysfunction and functional constipation). Chronic inflammatory diseases 
of the digestive system (cholecystitis, gastroduodenit) were registered in 9.3% of the 
children.  

It is known that functional disorders of organs and systems, including vegetative 
disorders are not only risk factors for the formation of organic pathology, but they 
also affect the physical and mental development of primary and secondary school 
children when physiological changes in a child's body coincide with social ones. 
Violation of the child’s adaptive reactions, a so-called syndrome of "school 
exclusion", is the result of interaction of biological, psychological and social factors 
[6, 7], and in this period of child’s development it has the nature of stress response. 
Long-term staying in stressful conditions contributes to various vegetative 
dysfunctions (VD), which was confirmed by scientific data. In Ukraine the 
deterioration of schoolchildren’s health is connected with a great increase of 
functional disorders, including vegetative dysfunctions [5, 6]. V.H.Maydannyk’s 
studies (2006) indicate that the vegetative dysfunctions are found in 20% of the total 
population of children and they increase with age and are registered in 33% of 
teenagers. 

According to our data vegetative disorders were mainly observed in the form of 
vegetative-visceral dysfunction among 3/4 of children with diseases of the 
gastrointestinal tract. Besides vegetative-visceral dysfunction in 12.1% of cases such 
forms as cardiac type of neurocirculatory and vegetative-vascular dysfunctions were 
diagnosed. Thus 43.9% of the students had two forms of violations of vegetative 
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homeostasis that occupies the second place in morbidity of middle age students 
(46.7%).  

Approximately one in three children had upper respiratory tract pathology 
(33.7% of all cases): in 29.9% of  the patients chronic tonsillitis was observed 
(including, in combination with adenoiditis); 2.7% of the students were diagnosed 
with hypertrophy of the palatine and nasopharyngeal tonsils with no signs of chronic 
inflammation, the curvature of nasal septum, and chronic sinusitis 

In the study of the cardiovascular system according to clinical and history data 
12 children had such changes as mitral valve prolapse or extra chords of the left 
ventricle (based on echocardiography). 

A quarter of the children had eyesight pathology, more often myopia, slightly 
less often hypermetropiya, and astigmatism. Metabolic disturbances were observed in 
every tenth child, mostly in the form of the first degree of obesity. According to 
medical records of the examined children allergic disease were recorded in 6.7% of 
the students (atopic dermatitis), but at the time of the survey they had no clinical 
manifestations of deterioration. Information regarding the incidence of the surveyed 
students is shown in Table 1. 

Considering that physical development is an integral characteristic of child’s 
health, we also determined it. It was found that about 70.7% of Gymnasium students 
had an average level of physical development, 13.3% of them had higher than 
average level of physical development. Noteworthy is the fact that 1/6 of the students 
were "tall". They had high and very high levels of their physical development. Only 
5.3% of the children had physical development which was below average.                                                                                                                             

 
Table 1 

Incidence rates of the Gymnasium students 
 
The name of the disease 

Total number of 
students 
n=107 

Total number 
of students 

100% 
Diseases of the musculoskeletal system 104 97,2 
Violation of posture 36 33,6 
Scoliosis, kyphosis 39 36,4 
Total spine disease 75 70,1 
Deformation of the chest 18 16,8 
Hernia (umbilical, inguinal) 5 4,8 
Caries 12 11,5 
Dental disorder, bite abnormalities 20 19,2 
The residual effects of rickets 8 7,7 
Flat feet, clubfoot 51 49 
Diseases of the cardiovascular system 12 11,5 
Diseases of the nervous system 50 46,7 
Vegetative dysfunction 47 43,9 
Dyslalia 3 2,8 
Diseases of eyesight 25 24 
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Pathology of the kidneys 5 4,8 
Digestive diseases 44 41,1 
Functional 34 31,8 
Chronic, organic 10 9,3 
Diseases of ENT organs 35 33,7 
Hypertrophy of tonsils 1 0,9 
Chronic adenotonzylit 32 29,9 
The curvature nasal septum 1 0,9 
Chronic sinusitis 1 0,9 
Allergic diseases 7 6,7 
Diseases of the endocrine system 11 10,6 

Obesity 10 9,3 
Hypotrophy 1 0,9 
Tuberculosis infection 6 5,8 
Other diseases and anomalies of development 2 1,9 

 
Harmonious (conformity of body weight to height) physical development was 

observed in 78.7% of the students. 21.3% of the children had disharmonious physical 
development. In half of the cases it was a result of the first degree of obesity. Data on 
physical development of surveyed schoolchildren are shown in Table 2. 
                                                                                                                            Table 2 

Condition of physical development of middle age Gymnasium students 
Estimation Total number of 

students 
 

Total number of 
students 

% 

Number of children 75 100 
Very high 2 2,7 

High 6 8,0 
Above average 10 13,3 
Average 53 70,7 
Below average 3 4,0 
Low - - 
Very low 1 1,3 
Disharmony of 
physical development 

16 21,3 

 
Along with the determining the child’s adaptive capabilities it is important to 

estimate his physical health. It is defined as a dynamic state of the child, which is 
characterized by a reserve of functions of his body to perform its own biological and 
social functions [8, 9]. Most researchers stated deterioration of physical health of 
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students, which is associated with insufficient physical activity, and therefore a low 
level of physical fitness and adaptation to physical activity [10]. When examining 
Gymnasium children we have obtained the following data on the indicators of the 
Index Ruf'ye (Table 3). 

Our research has revealed low levels of Gymnasium students’ adaptation to 
physical activity: 68.0% of the indicators of the cardiovascular system reserve were 
below average level. 21.4% of students had average level, and only 10.6% of 
Gymnasium students had high and higher than average levels of physical health. 
According to  the Ministry of Health №518 / 674 (Annex 1)  only students with high 
and higher than average levels of physical health can attend a core group of physical 
training at school; in our study it  is only 10.6% of the  children. Students with 
average indicators (21.4%) should attend the preparatory group of physical training, 
children with below average indicators and low indicators (68.0%) should attend a 
special group of physical training.                                                                                                                       

 Table 3 
Condition of the functional reserve of the cardiovascular system of 

Gymnasium students 
Indicators of functional 
reserve 

Total number of 
students 

n=75 

Total number of 
students 

% 
High 1 1.3 
Above average 7 9.3 
Average 16 21.4 
Below average 30 40 
Low 21 28 

 
During our research we received the same data that had been received in the 

National University of Physical Education and Sports of Ukraine. According to them 
89.1% of the students had low and lower than average levels of physical health. 
According to L.M. Kazak [11, 12] only from 1.6 to 7.5% of the children in Kyiv have 
high level of physical health, 7% of them have above average level, while 65-93% 
have lower than average and low levels. 

Conclusions: 
1. Systemic pathology (the most common were diseases of the musculoskeletal 

system in 97.2% of the children), functional disorders of the gastrointestinal tract and 
cardiovascular system (the signs of changes in vegetative homeostasis in 46.7% the 
children) indicate the violation of the adaptive capabilities of  middle age 
Gymnasium students to psycho-emotional overloading combined with  low functional 
reserves of cardiovascular system which is the result of insufficient physical activity 
of children with simultaneous increase of of educational material.  

2. The majority of students show average physical development (70.7%); other 
Gymnasium students show above average physical development (15.3%), high and 
very high physical development have 1.6% of the students; and 5.3% of them have 
below average physical development. At the same time the functionality of the 
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cardiovascular system by Index Ruf’ye is much worse: only 10.6% of the students 
with high and above average levesl of physical health (can attend a core group of 
physical training), 21.4% of the students with average level of physical health (can 
attend preparatory group) and most children - 68.0% have below average and the 
lowest physical health levels (can attend a special physical training group).  

3. To improve the physical health of the children doctors, teachers and parents 
should pay attention to healthy lifestyle and educational activities for systematic 
individual reactivation of children with health problems. The obtained data need the 
revision of the school program, including physical education. 

References 
1. V.P. Nedilko, T.M. Kaminska, S.A. Rudenko, L.P. Pinchuk // State of 

Physical Health of School Children and the  Ways to Increase It / Perynatolohyya and 
pedyatryya. - 2009. - №2. - P.72 - 74. 

2. R.V. Bogatyreva, E.M. Gorban, N.G. Goyda [and others]. Status and Market 
Prospects of Priority Scientific Direction "Health  Care of School-age Children and 
Teenagers" // Likarska sprava. - 2000. - №1. - P.3 - 6.  

3. O.A.Besedina, T.N. Koshakova, G.M .Danilenko // Actual Problems and 
Basic Directions of the Development of Preventive Science and Practice. Kharkov, 
1997. - P.51 - 55. 

4. L. V. Kvashnina // New Approaches to Health Assessments and Early 
Diagnosis of the Violations in Schoolchildren. - Author. Dis.MD Kyiv. - 2000. - 36 p. 

5. A.V .Kuharska Features of Physical Development of Children of Primary 
School Age with Vegetative Dysfunction // Pediatrics, obstetrics and hinekolohiya. - 
№3. -  2009. - P.27 - 30. 

6. M.S. Yatsula, S.L. Nyankovskyy  Syndrome of School Exclusion, the 
Urgency of the Problem in the First Graders// Pediatrics, obstetrics and henekolohiya: 
2008. - №1 (425). -  P.17-1. 

7.  R. O.  Moiseenko Health of School Children and Priority Steps to Improve 
iIt. Health Care of Ukraine. – 2002 – 3 - 4: 7 - 11. 

8. H.L.Apanasenko, Kazakevych Assessment of Physical Health of Children and 
Adolescents // Med. vsesvit. – 2004 - T.4. - N1. - P.94 - 106. 

9. H.L.Apanasenko Evolution of Bioenergy and Human Health 
//Petropolys:[spb]. – 1992 .- 123p. 

10. R.A. Moiseenko The State Policy on Maternal and Child on the Stage of the 
Industry Reform // Contemporary Pediatrics. - 2005. - №2 (7). -  P.25 – 27. 

11. L.M. Kozak, L.G. Korabeinikova, G.V. Korabeynikov Physical 
Development and the State of Psychophysiological Functions at Children of Primary 
School Age // Physiology Cheloveka. – 2002 - T.28, №2. - P.35 - 43. 

12. T.V. Peresypkina School Medicine - Challenges and Opportunities // Caring 
for a Child. - 2012. - №7 (34). - P.4 - 7. 

13. I.V. Potashnik, I.P. Kozyarin The Health Status of Gymnasium Students in 
the Final Stages of Education and Ways of Its Improvement // Contemporary 
Pediatrics.-2004. - №3 (4). - P.16 - 19. 

URL: http://www.sworldjournal.com/e-journal/j21506.pdf  
Downloaded from SWorld. Terms of Use  http://www.sworld.education/index.php/ru/e-journal/about-journal/terms-of-use 25 



SWorld Journal                                                                                                                                           VolJ21506 

14. S.L .Nyankovskyy, M.S. Yatsula, M.I .Chykaylo, I.V. Pasechnyuk. The 
Health Status of Students in Ukraine // Child’s Health - 2012. - №5 (40). -  P. 109 - 
114. 

15. V.P. Nedilko, S.O. Rudenko Impact of Students’ Health on Their 
Educational Progress // Child’s Health - 2014. - №2 (53). - P. 59 - 61. 

 
Sent date:  02.11.2015 

©M.M.Vasiykova,  
©L.M.Kazakova,  

©A.M Antoschkina,  
©O.M.Kazmirchuk,  

©K. О. Korvach 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

URL: http://www.sworldjournal.com/e-journal/j21506.pdf  
Downloaded from SWorld. Terms of Use  http://www.sworld.education/index.php/ru/e-journal/about-journal/terms-of-use 26 



SWorld Journal                                                                                                                                           VolJ21506 

J21506-004 
А. Butyrsky, V. Starosek, A. Grinchesku, 

O. Bobkov, S. Khilko, A. Skoromny  
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Abstract. Aim - analysis of tactic, allowing to prevent post-traumatic 

pancreatitis (PTP) or reduce its severity. We retrospectively analyzed  88 case 
reports with pancreas damages of (M:F=64 (72,7%):24 (27,3%)); age 16-69. 
Predominance of pancreas blunt trauma above opened is marked (67 (76,1%) vs 21 
(23,9%)). Frequency of symptoms, characterizing PTP is analyzed, high-frequency of 
the complicated course (shock/peritonitis) (75%) is demonstrated. Operative 
maneuvers are performed from positions of damages extending and time after injury, 
which are definitive.      

Key words: pancreas, injuries, post-traumatic pancreatitis, diagnostics, 
treatmen. 

The number of patients with traumas has a common increasing trend [1, 4, 7]. 
By data of the Crimea Health Service Ministry, in the Crimea in 1990 the index of 
mortality after traumas made 23.3, in 2010 – 52,7 (per 100 000 of popultaion). 
Trumatism occupied the 3rd place  among death for employed population, and the 1st 
place among young people (20-40 years old).  

Anatomically defended pancreas is damaged very seldom. Nowadays the 
incidence of pancreas violations makes 1-3% in opened, and 6% - in closed 
abdominal traumas. The rate of opened and closed damages varies in different 
counties: from 60-80% in USA down to 10% in Germany, in Russia opened traumas 
occur in 30% [3, 5].  

Severe complication after pancreatic traumas is post-traumatic pancreatitis 
(PTP) that takes place in 3/4 of patients with organ mechanical violation  [4], and its 
severe forms occur in ½ of patients [7]. Lethality remains very high and oscillates 
from 22 to 80% [4], and depends on many factors including character, localization, 
and severity degree of pancreas trauma, complications, time between trauma and 
surgery. In isolated pancreas damage lethality makes 3-9%, in 2 additional damages – 
up to 12%, in 4 – up to 40-50%. In infecting traumatic destruction foci the forecast 
worsens significantly [7]. 

Data base and methods. We retrospectively analyzed 88 case reports after 
pancreas traumas (М:F=64 (72.7%):24 (27.3%)); age 16-69 years old (for more 
details see table 1).  

Таble 1 
Localization and character of pancreas damage 

Character  Localization 
caput corpus cauda carpus+cauda In all 

opened 17 29 16 5 67 
closed 1 11 7 2 21 
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To stratify pancreas damages by severity degree we use classification by 
Bozhenkov, and Shalin [2]. Respectively the patients were ranges as follows: I degree 
- 52 (59.1%), II - 26 (29.5%), III - 7 (8%) и IV - 3 (3.4%).  Besides the patients had 
other damages: hollow (stomach, colon, duodenum) - 32 (36.4%), parenchymatous 
(liver, spleen) - 52 (59.1%), large vessels - 14 (15.9%), multiple trauma - 40 (45.5%), 
intra-abdominal bleeding - 15 (17%), retroperitoneal hematoma - 41 (46.6%). 

We mark obvious prevalence of closed pancreas trauma above opened ones (67 
(76.1%) vs 21 (23.9%)). The most frequent reason of opened damage was prick-cut 
wound - 18 (85.7%), gunshot wound - 3 (14.3%).  

To prevent PTP in 26 patients (main group) we used octreotide - synthetic 
analogue of human somatostatin with prolonged duration of action, decreasing 
pancreatic enzymes secretion for 80%. It was introduced 100 mkg intraoperatively 
after pancreas damage discovery and further 100 mkg trice a day during 7 days. The 
control group was composed of 20 patients who were not used octreotide. 

The obtained data were processed by method of variation statistics. 
Results. Analysis and discussion. In blunt abdominal trauma often one observes 

diagnostic problems, particularly if patients do not remember or hide circumstances 
of event. 

Symptoms of pancreas damage are variable. Often patients don have abdominal 
pain, and their condition remains satisfactory. In isolated pancreas damages 
Schyotkin sign is observed occurred in 3 patients (10%). And only in 16-24 hrs after 
trauma we observed the signs of PTP. Investigations [6] demonstrate that in 12 hrs 
after trauma in pancreatic tissues there are destructive changes involving not only 
zone of damage but to all its parts and parapancreatic fatty tissue. 

Signs of PTP have some peculiarities. Pain is of moderate intensity, dull, 
constant, localized in epigastric area; only in subcapsular extravasations pains 
becomes strong. Sometimes pain may relief for several hours but later it’s sharply 
intensified that is associated with pancreonecrosis. Vomitng is observed in 48.9% of 
cases, appeared not at once but in 6-12 hrs. in 5.3% of cases one observed nausea 
with “coffee grounds”. Local features of trauma (bruises, scarifications on abdominal 
wall and lumbar area) are discovered in 38% of patients.  The frequent sign is drum 
belly (45.3%). Tachycardia is marked in all patients, hypotension - in 42.3%, CVP 
decrease – in 45.3% of patients. Certain diagnostics importance may belong to 
dullness of percussive sound in shelving spaces (5.8% of cases), easing intestinal 
peristalsis with retardation of gases and stool. 

As for labdata the most typical shifts are of blood ά-amylase and lipase activity. 
Routine determination of ά-amylase we consider demonstrative if the standard is 
exceeded 4-5 times; such meanings are characteristic doe severe pancreatic trauma 
with damage of pancreatic ducts (in damage of Virsung duct - exceeding the standard 
for 7-10 times) [4]. 

Instrumental diagnostics is actual in closed abdominal trauma only. X-ray 
examination were made in 54 patients, and in 38 (70%) of them paralytic ileus was 
revealed. Substantial diagnostic assistance may be provided by laparoscopy: serous-
hemorrhagic exudate with high amylolytic activity. US diagnostics inflammatory-
and-destructive changes appear in pancreas: increased pancreas dimansions, 
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parapancreatic oedema, change of echo-characteristics. The method of choice is 
CT/MRТ scanning. Other authors also follow this multimodal as well [1]. 

In patients with III-IV degree of pancreas damage PTP developed in 100% 
случаях (9), but in patients of I-II degree – in 47% of cases (37). In 3.7% of cases 
clinical signs of PTP enabled to discover pancreas trauma.  

Initially severe patients with complicated abdominal violations are particularly 
dangerous for PTP occurrence. In patients with intra-abdominal bleeding and 
hemorrhagic shock inflammatory-and-destructive changes developed in 80% of 
cases, wherein in the main group pancreonecrosis occurred in 2 patients (50%), but in 
the control groupа – in 5 (62.5%). In presence of heamatomas При наличии гематом 
inflammatory-and-destructive changes in pancreas are marked 22% of cases, wherein 
in the main group outcome to pancreonecrosis is fixed in 1 patient (33%), аnd in the 
control group – in 4 patients (50%).  

Surgical interventions are important for PTP comprehensive treatment (see table 
2).  

Таble 2 
Surgery in pancreas traumas 

 Trauma degree 
I-II  

(п=78) 
III  

(п=7) 
IV  

(п=3) 
Until 12 hrs 
after trauma 

ОPP1+CCS2 PR5+ОPP+OBD+ 
CCS 

Panreatojejunostomy (1) 
/cholecystopancreatostomy 
(1)/pancreas corporocaudal 

resection + splenectomy 
(1)* 

Above 12 hrs 
after trauma 

ОPP+CCS+PA3+
OBD4 

Debridement+ОP
P+PA+OBD+CSS 

1ОPP – omentopancreatopexy, 2CCS – cholecystostomy, 3PA - pancreas 
abdominization, 4OBD – omental bursa draining, 5PR – resection of trauma zone + 3 
сm from the damage border.  
*Pancreatojejunostomy/cholecystopancreatostomy are indicated in preserved lienal 
vessels, corporocaudal resection with splenectomy – if lineal vessels are damaged. 
 

In pancreas gunshot wounds the surgery independent on terms after trauma 
includes PR+CCS+OBD (15), in prick-cut wounds – stitching wounds + ОPP + OBD 
(11 человек) or pancreatic distal resection (if lineal vessels are damaged, 6). In the 
literature of last years one marks that pancreatic wounds are not stitched because it 
facilitates involving new parts of pancreas into inflammation and necrosis [2, 5]. 
Authors consider that non-stitched wound pancreatic juice draining is provided (it’s 
accumulated in pancreatic parenchyma in stitching and impacts litically). Hemostasis 
in parenchyma wounds is achieved by ligating bleeding vessel or hemostatic 
tampoon. 

All the patients with pancreonecrosis after surgery on the 4-6-th day underwent 
for relaparotomy with broad cutting parapancretic fatty tissue and «closed»/«semi-
opened» abdominal draining. In other patients signs of PTP were arrested by 
medication therapy with obligatory using octreotide (in the main group) or proteases 
inhibitors (in the control group). 
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In all among patients with pancreas traumas inflammatory-and-destructive 
changes are marked in 46 patients, outcome to pancreonecrosis is marked in 14 
(30.4%). Wherein in patients of the main group pancrenecrosis was revealed in 5 of 
26 patients (19.2%), in patients of the control group - in 9 of 20 (45%). One of the 
ways of outcomes improvement in pancreas damage is early – just after revealing – 
administration of anti-secretion therapy.  

Тhus, complicated pancreas damages cause frequent PTP occurrence. The 
important moment in superficial wounds is adequate wound, bile tree and omental 
bursa draining. If hematomas they are opened along the low/upper pancreas edge. 
Rational surgery and intensive therapy with anti-secretion drugs enable to decrease 
number of complications.  

Lethality in PTP made 5.8% (2) against MODS, in pancreonecrosis – 6 cases 
(herewith in the main group 1 of 5 (20%), in the control group – 5 of 9 (55.6%); the 
reasons of death were pneumonia – 1, pancreatic fistulas – 2, pulmonary embolism – 
1, MODS - 2). 

Выводы. 
1. One should mark absence of pathagnomonic signs for PTP; patients’ 

extremely condition does not enable to recognize always this pathology on time. 
2. One of the ways of improvement pancreas damages outcomes is PTP 

prophylaxis,  it should be carried out just after revealing pancreas damage.  
3. Efficient remedy to prevent and treat PTP is octreotide that enables to 

decrease incidence of inflammatory-and-destructive changes after pancreas damage 
for 2-2,5 times.       
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There are a lot of works from the history of development of scout movement and 

of “Plast” development at the present stage in Ukrainian science (I. Andrukhiv, Yu. 
Burma, Yu. Vizitiv, O. Vakhnianyn, S. Dyba, V. Dovbyshchenko, Yu. Zhdanovych, 
S. Levytskyi, V. Lenyk, A. Okarynskyi, M. Pantiuk, M. Okarynskyi, B. Savchuk, B. 
Trofymiak, L. Yarova etc.). Some authors (Yu. Vizitiv [2], A. Hudyma [3], P. 
Kraliuk [5], B. Savchuk [7;8] etc.) researched “Plast” development in Volyn region 
during 1920-1930s. Arsen Richynskyi`s role in this process was partially shown by 
this authors. The aim of the article is to analyze briefly the role of this figure at the 
background of Ukrainian history in the early twentieth century and to reveal the value 
of his activity as an organizer and an ideologist of “Plast”. 

Arsen Richynskyi was born on June 12, 1892 in Tetylkivtsi village of 
Kremenest district of Volyn province (Ternopil oblast). His father, Richynskyi Vasyl 
Fedorovych, was an orthodox priest in this village. 

Arsen was studied at the local elementary school. Lately he attended theological 
school in Klevan town, gymnasium in Kremenets and theological seminary of 
Zhytomyr. After the graduation from seminary A. Richynskyi had entered a faculty 
of medicine of the University of Warsaw. In the spring of 1917 young man had 
passed exams at the University of Kyiv and had received a post of physician at the 
hospital of Iziaslav distict. He had worked there until March of 1920. At that time 
Artem actively took part in public life, in particular in social movement for the 
ukranization [5; 7, p.46]. Under the Treaty of Riga of 1921 Volyn had been divided 
between Russia and Poland. In the spring of 1920 A. Richynskyi set out into 
Trostianets village of Lutsk district which became a part of Poland. Until 1922 Artem 
had worked in Trostianets. He got married with daughter of a local priest, Pavlo 
Prokopovych, there. Her name was Nina. Polish authorities continually persecuted 
Arsen Richynskyi for his national ideology and community activities. In April of 
1922 he moved to Volodymyr-Volynskyi where he worked as chief doctor of the city 
hospital. In this post he had worked until August of 1925 when he was arrested for 
pro-Ukrainian activity. Authorities failed to detect any illegal actions, so A. 
Richynskyi had been released soon. But it was impossible to find any public post 
under this situation. Artem became a private doctor. Being a good specialist he had a 
lot of patients. By the way, in the period of 1920-1930s there were 17 physicians in 
Volodymyr-Volynskyi, and only two of them were Ukrainians (including A. 
Richynskyi) [1; 2, p. 18-19; 3; 5]. 

For that time he was very educated man, highly skilled physician, philosopher, 
religious scholar, cultural worker, fine art expert, church composer, folklorist etc. 
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Arsen Richynskyi was an active public figure, organizer of “Plast” in Volyn (in 
1929 “Plast” was banned by local administration). He created “Prosvita” in 
Volodymyr and at Volodymyr-Volynskyi district (headed in 1928-1929s). Anong 
with his wife Nina he organizes the Union of Ukrainian Women, took part in the 
cooperative movement and participated in the “Vidrodzhennia” company (it was 
banned by authorities in 1935) etc [7, p. 82]. 

He is the author of short, but important “Plast brochure” called “To happiness, 
glory and freedom“ (1930) [6]. 

As a physician, A. Richynskyi paid much attention to the spiritual and physical 
health. In his medical office in Volodymyr-Volynskyi there were always icons of the 
Savior and the Blessed, on the table there were Gospel, icon of St. Panteleimon, 
under it there was a small rug where everyone could kneel down and pray to the 
Healer [2; 3; 5]. He provided medical care not only with medicines but also with 
prayer. So, in A. Richynskyi`s opinion, a prayer and church paraphernalia cure 
people because spiritual health is as important as the physical one. Body treatment 
has to be accompanied by spiritual treatment. 

In July of 1925 he created two kurens – one for men named after Ivan Franko 
and the other for women named after Lesia Ukrainka. They included 50 people from 
Volodymyr-Volynskyi and its suburbs [2, p.20]. Supreme Plast Team (SPT) in Lviv 
appointed A. Richynskyi as a liaison person. He had been in this post throughout the 
period of legal and underground work of “Plast“ in the district. A. Richynskyi sought 
to unite Volyn and Galician “Plast” regions under the leadership of SPT in Lviv [2, 
p.21; 8]. In October of 1926 SPT in Volodymyr-Volynskyi established 7 district 
“Plast” teams headed by Arsen Richynskyi. Sphere of influence of team was 
spreading to the whole north-western Volyn. The commandant A.Richynskyi 
organized new “Plast” cells, provide plastuns with hiking and water journey over 
prominent historical places within Volodymyr-Volynskyi district to Pochaiv, on the 
Cossacks Tombs near Berestechko. In Volodymyr-Volynskyi Arsen Richynskyi 
established and financially maintained “Plast” library. At the end of 1929 library 
funds included almost 200 different publications.  Soon after local scouts with the 
assistance of the commandant opened store of “Plast” goods, that became very 
popular among the local population in short period [2; 8]. 

Arsen Richynskyi regularly participated in “Plast” camps in Carpathians and 
Subcarpathian region. He acted as instructor, physician, and member of the 
Commission of “Plast” camps. He was often accompanied by his daughter (born in 
1922) who was taught by father to “Plast” lifestyle [2; 8]. 

When comparing life in “Plast” camp with the Zaporozhian Sich, A. Richynskyi 
called it “a miniature national state“ [6, p.36]. This analogy is quite proper. “Plast” 
life was based on the principles of Cossack democracy, self-government and the 
principles of a healthy lifestyle. The order of the day which was in most “Plast” 
camps can be a confirmation of the thesis. Usually the day started at 6:00, at 6.45 - 
morning exercise for half an hour (“rukhanka“) and swimming, then - washing and 
cleaning rooms. At 7.45 - alignment on the square where the national anthem was 
performed and flag was raised. After the breakfast (at 9.00 plastuns walked together 
through the forest, where they spent two-, three-hour classes, so called “hutirky“. At 
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12.30 - dinner and free time. At 15.00 - physical labor, at 17.00 - having snack, then 
singing, amusements, “rukhanka“. At 18.30 - Dinner and cleaning. After the prayer 
(at 21.00) - sleep; only guards remained at their racks. There were some changes in 
the schedule on Sundays and public holidays. Not all the plastuns withstood such 
regime, especially at the beginning [8, p.156-157]. However, it served as the physical 
preparation of individual, strengthening and spiritual development. 

A.Richynskyi considered health as a synthesis of spiritual and physical 
principles. He stressed the need for  “correcting national defects“, emphasized that 
“Plast” education for Ukrainians is extremely important, because “it not only 
strengthens young people physically and spiritually, not prepare… personnel from 
disciplined fighters“, but also serves as a good way to correct “negative aspects of our 
national character“ such as drunkenness [6, p. 57]. Paragraph 12 of the “Plast” Law 
obliged to take care of their own physical health, in particular because of the refusal 
of alcohol consumption and smoking. Plastuny had to follow the abstinence 
themselves, “to spread it among others“ and refuse to participate in the amusements 
and festivities, where was alcohol or tobacco [4, p. 8].  Here “Plast“ actively 
cooperated with the “Vidrodzhennia“ society. A.Richynskyi had applied a lot of 
effort to its creation in Volodymyr-Volynskyi. 

Arsen Richynskyi was a great patriot of Ukraine, its worthy citizen. Also he was 
a great Christian who did a lot for the establishment of Ukrainian Orthodoxy 
independence. Actually he became the head of the movement for Ukrainization of 
Orthodox Church in Volyn region on the inter-war period of the XX century. He 
wrote several works, in which he substantiated the idea of Ukrainian autocephalous 
church. His book “Problems of Ukrainian religious consciousness“ is important for 
the present, it is particularly relevant today, when the question of the establishment in 
Ukraine its own independent local Orthodox Church arose [1, p. 22; 3, p. 49; 7, p. 
120]. 

In 1939 Arsen Richynskyi was arrested by the NKVD. He was sentenced for 10 
years in a Soviet prison camp. After this period A.Richynskyi and his family were 
sent into exile in Kyzylorda region without the right to return to Ukraine. He worked 
as a doctor at district hospital, continued public activities, published works on 
medical topics, wrote musical compositions on religious themes, created a chorus 
called “Dvi hmaronky“ etc. A.Richynskyi died April 13, 1956 in exile due to 
hemorrhage. He was buried in the cemetery at Dzhusaly station of Kyzylorda oblast 
(Kazakhstan) [2, p.22; 5]. 

So, A.Richynskyi being a doctor, social, religious and “Plast” figure, has done a 
lot to spread Ukrainian scout movement in Volyn region, has become not only its 
organizer, but also the ideologue. His work “To the glory, happiness and freedom“ 
(1930) reveals the basic principles of the ideology of Ukrainian “Plast“, where 
training of healthy lifestyle of youth occupies a large place. 
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