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Abstract  

Background 

Patients with Diabetes Mellitus (DM) often experience blurred vision due to changes in blood glucose 
levels. This may be caused by alterations in the refractive system, retina, optic nerve or brain 
disorders. The purpose of this research was to determine which biometric parameters (central corneal 
thickness/corneal curvature/lens thickness) have the dominant influence on refractive status caused 
by changes in blood glucose levels in people with diabetes mellitus during hyperglycemia and 
normoglycemia.  

Methods 

This research was an observational analytic study of pre- and post-test design. The subjects were 
newly diagnosed type 2 DM patients with Internal Disease Polyclinic aged 40-50 years old. Variables 
measured include CCT, corneal curvature, lens thickness, refractive status when hyperglycemic and 
normoglycaemic (four weeks after treatment). There were 11 respondents, consisting of two men and 
nine women.  

Results 

There were significant differences between CCT, corneal curvature, lens thickness and visual acuity 
at the time of hyperglycemia and normoglycemia (p < 0.005). Regression analysis showed that CCT, 
corneal curvature, and lens thickness do not have a dominant role on refractive status (p > 0.005), but 
corneal curvature has the dominant role on visual acuity when hyperglycemia occurs. 

Conclusion 

Biometric parameters (CCT, corneal curvature, and lens thickness) do not have any dominant 
influence on refraction status in the presence of changes in blood glucose levels, but cornea 
curvature has a significant effect on vision when hyperglycemia occurs. The thickness of central 
cornea, corneal curvature, and lens thickness are significantly affected by changes in blood glucose 
levels. 
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Background  

Diabetes mellitus (DM) is one of the most common metabolic diseases in the world [1]. The number of 
DM patients worldwide is increasing from year to year and it is estimated to reach 380 million by 
2025.2 The World Health Organization ranked Indonesia as the country with the highest number of 
DM patients in the world, which is about 8.6% of the total population of Indonesia [3]. 
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Diabetes is a disease with a high risk of morbidity and mortality that causes acute and chronic 
metabolic complications of vascular, renal, retinal or neuropathic abnormalities. Diabetes causes 
complications in almost all ocular structures, including the palpebral, conjunctiva, cornea, extraocular 
muscles, iris, lens, and retina. The most common complication of vision loss is diabetic retinopathy 
[4]. The effects of diabetes on the anterior segment are not widely reported in the literature and its 
effect on the cornea and crystalline lenses appears to play an important role in the change in 
refractive status [5,6]. 

It is known that an acute complication of DM is the presence of subjective symptoms of blurry vision 
when hyperglycemia occurs, but the exact cause of the symptom remains unknown. This may be due 
to the changes in the shadow forming process (i.e. on the refractive system and/or retina) or 
interference with the brain. The change in strength of ocular refraction during DM dysregulation is 
often mentioned in the literature, but there is no clear consensus on the exact cause of refractive 
change [2]. 

In general, shadow formation by the optical system may be disrupted if one or more elements change. 
In diabetic eyes, there may be changes in refractive elements (such as cornea and/or lens) or retina 
that occur along with the increased duration of disease and other systemic parameters, such as blood 
glucose levels, insulin use, and presence of diabetic retinopathy [2]. 

One of the ways to determine the existence of such refractive changes is to make observations on the 
refractive elements mentioned above by measuring the thickness of the cornea, corneal curvature 
and thickness of the lens. Central corneal thickening (central corneal thickness/CCT) is one of the 
important indicators of corneal health status. 

There are several corneal abnormalities that are affected by DM [4]. Structural changes in corneal 
endothelial cells and central corneal thickness have been observed in DM patients. Some clinical 
findings suggest that there are functional abnormalities such as reduced corneal sensitivity, increased 
corneal thickness and decreased endothelial cell density [7,8]. 

Another refractive element that can be observed is the lens. DM patient lenses are thicker and more 
convolutional than healthy subjects. This is probably due to thickening of the lens cortex. In addition, 
there are also other biometric changes in the lens such as steepening of the anterior and posterior 
surfaces of the lens and the depth of the front chamber. To date, the mechanism of changes in lens 
thickness in diabetes is not fully known. This may be due to osmotic lens or lens swell growth, both 
due to increased permeability of membrane cells and ion pump deficiencies [2]. 

Changes in blood glucose levels may also affect the sharpness eyesight and ocular refraction in DM 
patients. It has been reported that myopic shifts or hyperopic shifts may occur. It is assumed that 
myopia occurs at the time of hyperglycemia, and after therapy, it changes into hyperopia or slight 
myopia. However, there are studies that suggest that hyperopia may occur in acute hyperglycemia. In 
most cases, these refraction changes are reversible so it is not advisable to prescribe glasses to 
newly diagnosed patients or patients with poor diabetes control [2]. 

Until now there has been no clinical research that observed which factors contributed most to 
changes in refraction status in DM patients, whether from the cornea or lens. According to theory, the 
cornea contributes about 74% of dioptric strength in the eyes of healthy people. Based on the above 
exposure, this research will examine the biometric parameters that have a dominant effect on DM 
refraction status measured at the time of hyperglycemia and normoglycemia. The biometric 
parameters measured were cornea (central corneal thickness and corneal curvature) and lens (lens 
thickness). In addition, this research will also assess the effect of changes in blood sugar levels on 
these biometric parameters. 

 

 

 

 

Methods 



Annals of Tropical Medicine & Public Health-Special Issue Mar 2018 Vol 9 

S600-18 

 

This research was an observational analytic study employing pre- and post-test design method. The 
research was conducted at Eye Polyclinic, Endocrine and Internal Disease Polyclinic and Central 
Laboratory of Saiful Anwar Hospital 

Research subjects were new patients with type 2 DM diagnosed with Internal Disease Polyclinic that 
had just been given antidiabetic drug treatment (ADD). After being tested to determine KIE, and 
getting legal approval in writing, anamnesis followed, and then ophthalmological tests completed by 
auto refractometer, Snellen Card and Jaeger Card. In addition, the test on central corneal thickness 
used OCT (Carl Zeiss, Inc., San Francisco, USA) followed by a test on corneal curvature using a 
Javal keratometer (Madrid, Spain), and a biometric test (Sonomed) to measure lens thickness. The 
test was done twice when blood glucose levels were high (obtained when new patients come in and 
begin therapy) and then after four weeks when blood glucose levels returned to normal. The second 
test included complete ophthalmological, central corneal thickness, keratometry, lens thickness and 
refraction status. 

The subjects had the following inclusion criteria: they should be newly diagnosed type 2 DM from the 
Endometrial Polyclinic of the Internal Disease Installation, aged 40-50 years old and have systolic 
blood pressure ≤ 140/90 mmHg. They could not have refractive media opacity that may affect 
fundoscopy, eye abnormalities such as glaucoma, inflammatory, retinopathy or anterior and posterior 
segment abnormalities, they could not have the previous history of eye surgery such as cataract 
surgery, glaucoma or vitrectomy and they could not use drugs that affect ocular parameters like the 
analog group prostaglandins, carnosine or carbonic anhydrase inhibitors eye drops. They signed the 
consent form and KIE of the patient or family to legalize their participation in this research. 

Meanwhile, the exclusion criteria include inability of the sample to follow a predetermined control 
schedule (four weeks)/lost to follow up or subjects with high glucose levels during the control period. 

The Kolmogorov-Smirnov test was used to test the normality of the distributed data. If the significant 
value (p)>0.05, it is said to have normal distribution data. To determine the differences in central 
corneal thickness, keratometry, and lens thickness when hyperglycemia and normoglycemia occur, a 
paired t-test was performed. If the data was not normally distributed, then the Wilcoxon test was 
performed. To see which biometric parameters have a dominant effect on refraction status, regression 
test was done. The data is presented in tabulation using SPSS 15 for Windows. 

Results  

In this study, 17 patients were found to meet the inclusion criteria, while six patients were excluded 
(Table 1). This was because three of the subjects did not come in the fourth week, and glucose levels 
of another three subjects were still high. Five patients were taken from the Eye Polyclinic because 
their first complaints were blurred vision. Twelve other patients were taken from Internal Disease 
Polyclinics, most of which were consulates from other divisions as well as referrals from Puskesmas 
(Community Health Service). 
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Table 1: The Characteristics of Research Sample 

Characteristic   Amount 

Sex    

Male   2 (18.2%) 

Female    9 (81.8%) 
History 
Hypertension    

 Hypertension exists   4 (36.4%) 

No hypertension exists  7 (63.6%) 
Therapy 
Hypertension    

Without 
therapy   0 (0%) 

Calcium channel blocker  4 (36.4%) 

Angiotensin Renin Blockers  0 (0%) 
   

 Diabetes Mellitus History   
Yes (family)   2 (18.2%) 
No   9 (81.8%) 

ADD (antidiabetic 
disease) Therapy      

Sulfonylurea   2 (18.2%) 
Biguanide   2 (18.2%) 
Alpha-glucosidase inhibitor  0 (0%) 
Combination of sulfonylurea + biguanide   
Combination of  sulfonilurea/biguanide + alpha-

glucosidase inhibitor   4 (36.4%) 
   3 (27.3%) 

 

 

The normality test was then done, showing normally distributed data had been obtained. From the 
regression test between biometric parameters and refraction status, it was found that central corneal 
thickness, keratometry, and lens thickness did not have any dominant effect on refraction status. The 
results of the obtained CCTs were that keratometry has a significant effect on natural vision and 
corneal curvature has the most dominant effect on natural vision. Statistical analysis showed that 
there were significant differences in keratometry (steep axis), CCT and lens thickness when 
hyperglycemia and normoglycemia occurred. The results reveal that K variable (steep axis), K (flat 
axis), CCT and lens thickness do not have any significant effect on baseline refraction because the 
significance value was>0.05. It was concluded that no biometric parameters had a dominant effect on 
refraction status when hyperglycemia occurs. In addition, the data showed that K variable (steep 
axis), K (flat axis), CCT and lens thickness do not have any significant effect on baseline refraction 
because the significance value of t-test was>0.05. It was concluded that no biometric parameters that 
had a dominant effect on the refractive status when normoglycemia occurs. The result showed that K 
variable (corneal curvature) and CCT have a significant effect on vision because the significance 
value was < 0.05, while lens thickness does not have a significant effect on vision. From the value of 
the largest Beta coefficient, it can be seen that the dominant biometric parameter affecting natural 
vision is the cornea curvature. There is no effect at week IV. It is known that curvature is significant to 
vision as it has cornea, CCT, and lens thickness with significant t-test values,>0.05 (Table 2). 
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Table 2: Analysis of Biometric Parameter Differences at Week I (Hyperglycemia) and Week IV 
(Normoglycemia) 

Variable Average  
Deviation 
standard Sig Note   

      
K (Steep axis) I 45.2614 1.67524 

0.044 There is a difference  

 
    

K (Steep axis) IV 44.6932 1.12581 
 

   
      

K (Flat axis) I 44.6136 1.53864 

0.099 There is no difference 

 
    

K (Flat axis) IV 44.2045 1.07912 
 

   
      

CCT I 548.0455 32.00517 

0.000 There is a difference 

 
    

CCT IV 531.4545 29.30582 
 

   
      

Lens thickness I 4.3171 0.39660 

0.000 There is a difference 

 
    

Lens thickness IV 3.6395 0.46394 
 

   

      
 
 

 

Discussion  

In this study, a total sample of 11 patients (22 eyes) was examined, dominated by women more than 
men. The gender does not affect biometric parameters [2]. The patient ages ranged from 40 to 50 
years old. It was mentioned that there was no correlation between age and thickness of the central 
cornea in patients with diabetes mellitus, but it affects the thickness of the lens. The thickness of the 
lens will increase with age, so patients were selected with a maximum age limit of 50 years [2]. 

All subjects with hypertension history received therapy using the vasodilating agent amlodipine, from 
the calcium channel blockers group (CCBs), which have a neutral effect on glycemic control and 
increased insulin sensitivity [9]. Based on the regression test to see the dominant biometric parameter 
on refraction status, it was found out that there was no influence of a dominant biometric parameter 
on refraction status due to changes in blood sugar levels. Although there were significant changes in 
biometric parameters of corneal curvature, lens thickness, and central corneal thickness, they did not 
significantly alter the magnitude of the correction. 

The researcher also assumes that the administration of glasses done within four weeks after therapy 
in the state of normal blood glucose should be accompanied by education and information stating that 
there is a possibility that the patient will experience a sharp change in vision again in case of 
fluctuations in glucose levels. Thus, the ideal time to prescribe glasses should be much longer. 
According to Okamoto (2000), slow refraction will return to normal about 14-84 days after starting 
therapy [10]. 

From 22 eyes in this research, statistically, there was a significant difference in K (steep axis) 
between when hyperglycemia and normoglycemia occur. This suggests that blood glucose levels will 
affect cornea curvature and will decrease along with the improvement in blood glucose levels. The 
mechanism of corneal curvature change is not fully known. According to Zengin et al. (2009), 
hyperglycemia will cause corneal hydration leading to qualitative and quantitative changes in cornea, 
such as changes in refractive index, curvature and thickness [11]. 

The measurement of CCT using OCT Stratus was done three times on each eye and the average 
was taken. The statistical results showed significant differences in CCT during hyperglycemia and 
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normoglycemia. This gives information that improved blood sugar affects the permeability of the 
corneal cell membrane so that central corneal thickness will decrease. 

When hyperglycemia occurs, inhibition of the endothelial pump increased pressure on the stroma due 
to edema, so endothelial permeability increased. In addition, there will be inhibition of Na+ and K+ 
ATPase-dependent transport and accumulation of polyol or glycosylation of proteins in the stroma.12 
Hyperglycemia also causes decreased oxygen consumption, decreased ATP production and 
increased lactate formation. This accumulation of lactate also causes edema of the cornea [13]. 

Research conducted by Urban et al. (2013) reported that CCT of patients suffering from DM was 
significantly thicker than healthy subjects. Similarly, Yesim (2013) in her research reported that CCT 
will decrease significantly when blood glucose levels are well controlled [14,15]. 

The results of statistical tests showed the thickness of the lens had a significant difference between 
when hyperglycemia and normoglycemia occur. This provides information that both newly diagnosed 
patients and new patients receiving antidiabetic drug therapy will have a good response to changes in 
the thickness of the lens.  

When hyperglycemia occurs, the function of the membrane pump will be disrupted by damage to Na+ 
and K+ ATPases by non-enzymatic glycosylation or oxidation processes. The exchange of Ca++ for 
Na+ and H+ is also disrupted resulting in a change in lens size and result in hypertrophic conditions 
and modulate growth factors in the mitotic process in the epithelium [16]. The sorbitol pathway will be 
activated more than the pathway of glycolysis and sorbitol accumulation occurs in the lens [17].  

When normoglycemia occurs, changes in osmotic pressure allows glucose to escape from the lens 
epithelium to the aqueous so that the thickness of the lens will decrease. The results obtained from 22 
eyes shows that the highest refraction status in the first week was astigmatism of 13 eyes, then the 
number was reduced in the fourth week to nine eyes. When hyperglycemia occurs the vision of most 
patients can still be corrected and can provide sharp eyesight. Based on paired t-test results, there 
were significant differences in natural vision between the first and fourth weeks.  

This research also illustrates that when high blood glucose occurs, refraction changes toward myopia, 
and if blood glucose is well controlled it will tend to shift toward hyperopia. This result is in line with 
another research result, who also found that a myopic shift will occur when blood glucose levels rise 
and hyperopia will occur when blood glucose decreases [18]. The spherical equivalent change toward 
a positive direction is called a hyperopic shift, whereas the spherical equivalent change toward a 
negative direction is called as myopic shift [19]. From 22 eyes evaluated as samples, when blood 
glucose was high 13 eyes experienced a myopic shift, five eyes experienced a hyperopic shift, three 
eyes experienced emmetropia and one eye could not be corrected. When normoglycemia occurred, 
11 eyes experienced a hyperopic shift, eight eyes experienced a myopic shift and three eyes 
experienced emmetropia (Table 7). 
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Table 3: Refraction Data at Week I and Week IV 

 

 No Week Baseline Refraction   
   OD OS OD OS 

 1. 1 -0.25 0 Miopic shift Emetrop 
  4 0 0 Hyperopic shift Emetrop 
 2. 1 +0.25 0 Miopic shift Emetrop 
  4 +0.75 0 Hyperopic shift Emetrop 
 3. 1 -2.00 -5.125 Miopic shift Hyperopic shift 
  4 -2.00 -5.375 Miopic shift Miopic shift 
 4. 1 +1.25 +0.75 Hyperopic shift Hyperopic shift 
  4 +0.375 +0.25 Miopic shiift Miopic shift 
 5. 1 -1.00 -0.75 Miopic shift Miopic shift 
  4 -0.50 -0.50 Hyperopic shift Hyperopic shift 
 6. 1 +0.25 +0.625 Hyperopic shift Hyperopic shift 
  4 +0.25 +0.375 Hyperopic shift Miopic shift 
 7. 1 0 -1.875 - Miopic shift 
  4 -1.50 -1.75 Miopic shift Hyperopic shift 
 8. 1 -2.625 -1.25 Miopic shift Miopic shift 
  4 -2.25 -1.00 Hyperopic shift Hyperopic shift 
 9. 1 -0.125 -0.125 Miopic shift Miopic shift 
  4 -0.125 +0.25 Miopic shift Hyperopic shift 
 10 1 -0.50 -1.00 Miopic shift Miopic shift 
  4 -0.50 -0.75 Miopic shift Hyperopic shift 
 11 1 0 -0.375 Emetrop Miopic shift 
  4 0 +0.25 Emetrop Hyperopic shift 

 
 
To see the magnitude of dioptric changes that occur during blood glucose level changes, a regression 
test was conducted. The quantity of diopters on astigmatism was calculated using spherical 
equivalent (SE). Concerning the result of secondary outcome, which can be seen in the following 
equation: Y = 0.468 – 0.006. It was found that if there is a change of blood glucose level of 100 mg it 
will cause an average dioptric change of 0.6 D (range 0.2-1 diopters) (Table 4).  
 
 

Table 4: Analysis of Blood Glucose on the Number of Dioptric Changes 
 

        

Model  
Sum of 
Squares df Mean Square F Sig. 

1 Regression 3,632 1 3,632 1.973 0.168
a
  

 Residual 77,331 42 1,841    

 Total 80,963 43     

a. Predictors: (Constant), blood glucose 
b. Dependent variable: diopter  

 
 
     Coefficients       

    Unstandardized Standardized       
    Coefficients Coefficients       

  Model B Std. Error Beta   t  Sig. 

  1 (Constant) 0.468 0.813    0.576   0.568 

   
Blood 
glucose 

-0.006 0.004 -0.212  -1.405   0.168 

  Dependent variable: diopter 
 

From the results of the analysis on baseline refraction, it was found that there was no significant 
difference in the results of sharp vision correction when hyperglycemia and normoglycemia occur. 
From the results of data analysis between the use of drugs and blood glucose, it showed that the use 
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of one type of drug or two types of drugs does not have any significant effect on blood glucose levels. 
This is due to diet and exercise factors, which also play a role in lowering blood glucose levels. 

The disadvantages of this research are: 1) there was difficulty finding research subjects because 
patients who come to the Endocrine Diseases Polyclinic are usually existing patients who mostly use 
insulin therapy. Patients with high blood glucose in the peripheral area will usually come to PPK 1 
(Puskesmas = community Health center) and they will be given oral therapy of antidiabetic drugs. If 
the PPK fails to control patient blood glucose levels, they will be referred to the hospital. 2) This 
research was not able to measure other ocular parameters that affect refraction status like the 
refractory index of refractory media, and 3) this research did not measure HbA1c levels of patients 
when they first came in. 

 

 

Conclusion  

From the results of the research on 11 samples (22 eyes), there are some conclusions drawn namely: 
a) biometric parameters (CCT, corneal curvature, and lens thickness) do not have any dominant 
influence on refraction status in the presence of changes in blood glucose levels, but cornea 
curvature has a significant effect on vision when hyperglycemia occurs. b) The thickness of central 
cornea, corneal curvature, and lens thickness are significantly affected by changes in blood glucose 
levels, c) the results of secondary outcome show that when there is a change in blood glucose levels 
of 100 mg/dL, there will be a change in the average diopters of 0.6 D (range 0.2-1.0 D), d) when 
hyperglycemia occurs, a myopic shift tends to occur and when normoglycemia occurs a hyperopic 
shift occurs, though there was no significant difference in the amount of its correction/baseline 
refraction. On the other hand, there were significant differences in natural vision between 
hyperglycemia and normoglycemia, and e) there were no significant differences between the use of 
one or two antidiabetic drugs on blood glucose levels. 
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Abstract  

Background 

To determine the effects of mangosteen (Garcinia mangostana) pericarp extracts on 
retinoblastoma cell culture proliferation. 

Methods 

This study was a true experimental in vitro design with a pre- and post-test control group. 
Retinoblastoma cell cultures were exposed to mangosteen pericarp extract (Garcinia 
mangostana) at doses of 10 µg/ml, 20 µg/ml, and 40 µg/ml. 

Results 

The retinoblastoma cell line cultures were obtained from the American Type Culture Collection 
(ATCC). The samples were divided into four groups: a control group and three groups treated 
with 10 µg/ml, 20 µg/ml, and 40 µg/ml, respectively, of mangosteen pericarp extract. The samples 
were then incubated for 48 hours and examined using an MTT cell proliferation assay. Group 1 
(10 µg/ml) showed a decrease of 151.8%, group 2 (20 µg/ml) showed a decrease of 134.6%, and 
group 3 (40 µg/ml) showed a decrease of 134.36%. 

Conclusion 

Mangosteen pericarp extract (Garcinia mangostana) can reduce retinoblastoma culture cell 
proliferation. 

Key words  

Garcinia mangostana, mangosteen, MTT assays, retinoblastoma, pericarp extract, proliferation 
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Background  

Intraocular retinoblastoma is the largest primary tumor found in children. Retinoblastoma is a 
highly fatal disease. Currently, the life expectancy of patients with retinoblastoma is about 95% in 
developing countries. Cases of retinoblastoma amount to approximately 4% of all intraocular 
malignancy in children and about 5000 cases are found worldwide [1,2]. 

Signs and symptoms that appear in retinoblastoma depend on the location and spread of the 
tumor itself. The most common signs are leukocoria (white papillary reflex), strabismus, and 
ocular inflammation. Other symptoms that can occur are iris heterochromia, spontaneous 
hyphemia, and orbital cellulitis or inflammation [1,2].  

The aim of retinoblastoma management is to save the lives of patients and to maintain the 
eyeball. Retinoblastoma management includes enucleation, exenteration, chemotherapy, laser 
photocoagulation, cryotherapy, external-beam radiation, and plaque radio therapy [1-3].  

Mangosteen is a fruit that grows in Southeast Asia or Indonesia, on the Malay Peninsula, 
Myanmar, Thailand, Cambodia, Vietnam, and Malaka. It is known that the skin of the mangosteen 
fruit can prevent the growth of cancer cells. The skin of the mangosteen fruit contains xanthones, 
which are powerful antioxidants, anti-carcinogenic, anti-invasive, and anti-metastatic [4,5]. 

Akao et al. [4] reported that α-mangostin has chemo preventive effects on short-term rat intestinal 
carcinogenesis preneoplastic lesions. Castanheiro et al. reported on the synthesis and antitumor 
activity in pyranoxanthones and two prenylated xanthones against cMCF-7 breast 
adenocarcinoma cells. Further, Luo et al. synthesized a series of aminoalkoxy substituted benzo 
[b] xanthone derivatives and reported antitumor activity in vitro on five human tumor cell lines. 
Most of these materials have good tumor inhibition activity [4-7]. 

In this study, mangosteen pericarp extracts at various doses were exposed to retinoblastoma 
culture cells and were observed using an MTT proliferation assay to investigate the effect of 
mangosteen pericarp extract (Garcinia mangostana) on proliferation of retinoblastoma cultured 
cells. 

 

Methods 

This was a true experimental in vitro study design with a pre- and post-test control group. This 
research was conducted in October and November 2016 in the Laboratory of Physiology, Faculty 
of Medicine, Brawijaya University. 

This study used retinoblastoma cell line cultures from the American Type Culture Collection 
(ATCC), 10801 University Boulevard Manassas, VA 20110 USA. Twenty-four samples were 
divided into four groups: a control group and three treatment groups. The control group did not 
receive any treatment. The treatment groups were given mangosteen pericarp extract at a dose 
of 10 µg/ml, 20 µg/ml, or 40 µg/ml, respectively, and were then incubated for 48 hours. They were 
then examined using an MTT cell proliferation assay. 

Results  

The results are summarized in Table 1 

1. It can be seen that retinoblastoma cell proliferation decreased in the treated groups. 
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To determine the normality of the data, the Shapiro-Wilk method was used. The significant values 
in the control group and the 40 mg/ml (p < 0.05) indicate that the data is not normally distributed. 
To determine homogeneity of variance, Levenes test was used. The result was 18.45 with p = 
0.000 (p < 0.05) indicating that the data is not homogeneous. Because the data did not meet the 
assumptions of normality and homogeneity, the Kruskal Wallis test was used. The Kruskal Wallis 
test obtained a significance value of 0.008 (p < 0.05); thus, it can be stated there is a difference 
between the treatment groups. Post hoc analysis was then performed. The Mann Whitney test 
revealed that there was a significant difference between the control group and the 10 µg/ml 
treatment group (p = 0.037), the 20 µg/ml treatment group (p = 0.010), and the 40 µg/ml 
treatment group (p = 0.004). There were no significant differences among the 10, 20 and 40 
µg/ml groups. 

The result of the calculation of cell proliferation in this study revealed the presentation of live cells, 
based on the results of the absorbance test. Table 1 shows the effect of mangosteen pericarp 
extract (Garcinia mangostana), starting at a dose of 10 µg/ml. When compared to the other 
doses, the percentage of viable cell count was more less.  

The data analysis revealed that the data was not normally distributed and not homogeneous. 
Therefore, to determine differences in the effect of mangosteen pericarp extract (Garcinia 
mangostana) among the treatment groups, we used a nonparametric test. Analysis of data using 
the Kruskal Wallis test showed significant differences between the treatment groups, with a p 
value of 0.008. Furthermore, the Mann Whitney test results, as shown in Table 2, indicate that 
each treatment group was significantly different (p < 0.05) from the control group. However, there 
were no differences between the treatment groups (p < 0.05). 

Discussion  

Cell proliferation is a process in which cells multiply to grow and then split into two. In normal 
circumstances, turnover and cell renewal occur as needed through cell proliferation and 
apoptosis. Tumors arising from excessive proliferation processes are offset by the process of 
apoptosis. Excessive proliferation can occur due to mutations in the DNA of cells which can 
cause disturbances in the regulation of cell homeostasis. An imbalance in cell homeostasis is 
also known to occur in retinoblastoma tumor [3,8]. 

Xanthones are compounds derived from mangosteen pericarp. The pharmacological components 
of xanthones have a variety of functions, one of which is an anti-tumor function. As such, 
xanthones inhibit the cell cycle, suppress tumor cell proliferation, induce apoptosis and 
differentiation, reduce inflammation, and inhibit adhesion, invasion, and metastasis of tumors 
[7,9]. 

The aim of this study was to determine the effect of mangosteen pericarp extract (Garcinia 
mangostana) on retinoblastoma cell culture proliferation. Cell cultures were exposed to 
mangosteen pericarp extract at different doses (10 µg/ml, 20 µg/ml, and 40 µg/ml) and were 
incubated for 48 hours. Incubation for 48 hours was based on previous studies, such as the one 
by Johnson et al. which found that α-mangostin can induce G1 cell cycle arrest in a tumor cell line 
of prostate cancer after 24 hours, and this process lasts up to 48 hours [10]. 

There are two methods for calculating cell proliferation, direct methods (direct counting) with 
trypan blue and the MTT assay method. Direct counting is a simple method to assess the integrity 
of the cell membrane, while the MTT assay measures the ability of living cells based on 
mitochondrial activity of the cell culture. MTT is absorbed into living cells and is broken down into 
a purple formazan. The concentration of the purple formazan can be measured using a 
spectrophotometer and is proportional to the number of living cells because formazan only forms 
in the active mitochondria. Greater absorbance indicates a growing number of living cells. In this 
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study, measurement of live cells was performed with the MTT assay because this method has 
several advantages; it is relatively more rapid, sensitive, and more accurate when compared to 
direct counting methods [11,12]. 

Akao et al. [4] performed an in vitro and in vivo examination of the role of xanthones in colon 
tumors. In the in vitro studies, colon tumor cells were cultured with four main compounds of 
xanthone, α-mangosteen (αΜ), β-mangosteen (βΜ), γ- mangosteen (γΜ), and methoxy-β-
mangosteen (βΜ-ΜE), at doses of 10 µg/ml and 20 µg/ml. After 24 hours of treatment, all groups, 
except the methoxy-β-mangosteen group, showed inhibition of tumor cell growth. However, in the 
mangosteen and α-β-mangosteen groups, 20 µg/ml inhibited the growth of tumor cells, whereas 
in the γ-mangosteen group, both doses were able to equally inhibit the growth of cancer cells. Li 
et al. also found that α-mangosteen affects the growth of prostate tumor cell cultures. Li et al. 
used LNCaP cell cultures and 22Rv1 obtained from the American Type Culture Collection 
Manassas, VA, USA. α-mangostin was used at doses of 10 µg/ml, 20 µg/ml, and 30 µg/ml. 
Results indicated that all cell cultures inhibited cell growth with dose berbaga. In 22Rv1 cell 
cultures, α-mangostin at a dose of 20 µg/ml and 30 µg/ml significantly inhibited the growth of cell 
cultures. While in LNCaP cell cultures, the dose of 30 mg/mL inhibited cell growth activity to the 
greatest degree. Wang et al. also conducted research on the effect of extracts of mangosteen 
rind exposed to ethanol extract (MPEE) against skin tumor cell cultures of SK-MEL-28 
(melanoma). MPEE was used at a range of doses from 5 µg/ml to 100 µg/ml. After 48 hours of 
treatment with a small dose, anti-proliferation activity against tumor cells was observed. At a dose 
of 10 µg/ml, several cells lost their shape on the surface and floated on the media cell. At the 
largest dose of 100 µg/ml, 25% of the SK-MEL-28 cells were dead [7, 13, 14]. 

The limitations of this research are related to the fact that the concept of mangosteen pericarp 
extract on tumor cells is a relatively new concept. The available literature reports differences in 
dosage and incubation period. Further research is required with a larger sample and a varied 
incubation period in order to determine the effective dose and a toxic dose of the mangosteen 
pericarp extract. Further, in this study the chemical structures of the mangosteen pericarp extract 
are not separated and investigated due to the lack of available means and time, and because the 
cost is too expensive. Therefore, it is necessary in the future to separate the chemical structures 
and determine their effects on normal cell proliferation. 

 

Conclusion  

It can be concluded that mangosteen pericarp extract (Garcinia mangostana) can reduce 
retinoblastoma cell proliferation. Significant decreases in proliferation were observed between the 
control group and the treatment groups. There were no significant differences among the 
treatment groups. 

 

Acknowledgments  

The authors thank to Brawijaya University for facilitated this research. 

Competing interests  

The authors declare that they have no competing interests. 

 



Annals of Tropical Medicine & Public Health-Special Issue Mar 2018 Vol 9 

S601-18 

 

Authors’ contributions  

Hariwati Moehariadi performed the study design and conception and drafting the manuscript, 
Fariz Nufiarwan contributed to the acquisition of data, Lely Retno Wulandari contributed to the 
analysis and interpretation of data, and Hidayat Sujuti contributed to the final approval of the 
manuscript. 

References 

1. American Academy of Ophthalmology. Ophthalmic pathology and intraocular tumors. 2009. San 
Fransisco. CA: American Academy of Ophthalmology.  

2. Ramasubramanian A, Shields CL. Retinoblastoma First Edition. 2012. New Delhi. Ajanta Offset & 
Packagings Ltd. 

3. Morgan DO. The Cell cycle: Procoples of Control. 2007. Singapore. New Science Press Ltd.  
4. Akao Y, Nakagawa Y, Linuma M, Nozawa Y. Anti-Cancer Effect of Xanthones from Pericarps of 

Mangosteen. Int J Mol Sci. 2008; 9(3): 355-370. 
5. Nakagawa Y, Iinuma M, Naoe T, Nozawa Y, Akao Y. Characterized mechanism of α- mangostin-

induced cell death: Caspase-independent apoptosis with release of endonuclease-G from 
mitochondria and increased miR-143 expression in human colorectal cancer DLD-1 cells. Bioorg 
Med Chem. 2007; 15(16): 5620-5628 

6. Castanheiro RAP, Silva AMS, Campos NAN, Nascimento MSJ, Pinto MMM. Antitumor activity of 
some prenylated xanthones. Pharmaceuticals (Basel). 2009; 2(2): 33-42 

7. Luo L, Qin J, Dai Z-K, Gao S-H. Synthesis and biological evaluation of novel benzo[b]xanthone 
derivatives as potential antitumor agents. J Serb Chem Soc. 2013; 78(9): 1301-1308. 

8. Murti H, Budiono A, Setiawan B, Sandra F. Regulasi SIklus Sel: Kunci Sukses Somatic Cell 
Nuclear Transfer. Scientific Repository. 2007; 34(6): 312-316. 

9. Gan C-Y, Latiff A. Extraction of antioxidant Pectic-polysacharide from Mangosteen (Garcinia 
mangostana) rind: Optimization using response surface methodology. Carbohydrate Pol. 2011; 
83(2): 600-607 

10. Johnson J, Petiwala S, Syed D, Rasmusen J, Adhami V, Siddiqui I, Kohl A, Mukhtar H. α-
mangosten, a xanthone from mangosteen fruit, promotes cell cycles arrest in prostate cancer and 
decrease xenograft tumor growth. Carcinogenesis. 2012; 33(2): 413-419. 

11. Sergent JM. The use of MTT assay to study drug resistence in fresh tumour samples. Recent 
Results Cancer Res. 2003; 161: 13-25 

12. Dugo G, Mondello L. Advanced Analytical Techniques, Contaminants and Biological Activities. 
2010. USA. CRC Press.  

13. Li G, Petiwala S, Nonn L, Johnson J. Inhibition of CHOP accentuates the apoptotic effect of a-
mangostin from the mangosteen fruit (Garcinia mangostana) in 22Rv1 prostate cancer cells. 
Biochem Biophys Res Commun. 2014; 453 (1): 75-80. 

14. Wang JJ, Shi QH, Zhang W, Sanderson BJS. Anti-skin cancer properties of phenolic-rich extract 
from the pericarp of mangosteen (Garcinia mangostana Linn.). Food Chem Toxicol. 2012; 50(9): 
3004-3013. 

 

 

 

 

 

 

 

 

 

 

 

 



Annals of Tropical Medicine & Public Health-Special Issue Mar 2018 Vol 9 

S601-18 

 

Table 1: Average proliferation of retinoblastoma cell cultures in the control group and the groups treated 

with mangosteen (Garcinia mangostana) pericarp extract 

Group 

         

N Mean  Std Dev     Min     Max 

Control 6 221.46 82.25 158.18 335.34 

10 ug/ml 6 151.80 15.09 134.84 174.33 

20 ug/ml 6 134.66 22.81 105.34 168.92 

40 ug/ml 6 134.36 12.01 110.05 140.46 

 

 

Table 2: Mann Whitney test results 

Treatment Group Significance 

Control with10  0.037 

Control with 20 0.010 

Control with 40 0.004 

10 with 20 0.200 

10 with 40 0.149 

20 with 40 0.873 
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Abstract  

Background 

To compare the aqueous levels of interleukin-6 (IL-6) in endotoxin-induced-uveitis (EIU) rat 

models after topical administration of 1% prednisolone acetate, 0.1% nepafenac or 0.1% 

diclofenac. 

Methods 

EIU was induced in rats by a footpad injection of 200 μg lipopolysaccharide (LPS). The animals 
were divided into five groups: negative control, positive control, LPS + 1% prednisolone acetate, 
LPS + 0.1% nepafenac and LPS + 0.1% diclofenac. One hour after LPS administration, 1% 
prednisolone acetate, 0.1% nepafenac or 0.1% diclofenac was topically applied to both eyes of 
rats and repeated every six hours. After 20 hours, rats were anesthetized and 10 μl aqueous 
humor was sampled, followed by measurement of IL-6 levels by ELISA method. 

Results 

In this study, there was a significant difference in aqueous levels of IL-6 between treatment groups 
(p < 0.05). The lowest levels of IL-6 were obtained in the 1% prednisolone acetate group (32.5040 
± 4.5839 pg/ml), which was similar to the negative control (23.2760 ± 6.3958 pg/ml). The highest 
mean was the positive control (109.9426 ± 8.5629 pg/ml). The mean of IL-6 in the 0.1% nepafenac 
group was 50.1971 ± 3.7171 pg/ml, higher than in the 0.1% diclofenac group (59.2200 ± 18.1651 
pg/ml), but not statistically significant.  

Conclusion 

There was a significant difference in aqueous levels of IL-6 in EIU rat models after administration 

of 1% prednisolone acetate, 0.1% nepafenac and 0.1% diclofenac, with the highest reduction in 

IL-6 levels noted in the 1% prednisolone acetate group. 
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Background  

Steroids are the mainstay therapy of intraocular inflammation. Uveitis, which infects the anterior 
part of the eye, are treated using topical steroids. But if it is affecting the posterior segment, topical 
steroid cannot penetrate deep enough to reach the inflammation site [1]. Oral steroids or 
periocular injections are needed to treat the more posterior type of uveitis1. Steroids are the 
standardized uveitis treatment, but the side effects and intolerance of steroid may limit its efficacy 
in some patients.  

NSAIDs are alternatives or sparing therapy of steroid, but it may not as effective as steroid in 
suppressing the inflammation [2-3]. The newer generation of NSAIDS may have superiority 
compared to the previous drugs. Topical NSAIDs commonly used in uveitis are 0.1% nepafenac 
and 0.1% diclofenac. Nepafenac at 0.1% can suppress prostaglandin synthesis in ciliar complex 
and iris tissue. Nepafenac at 0.1% can inhibit the synthesis of prostaglandine in the ciliary complex 
and iris tissue, so its penetration is deeper than diclofenac at 0.1% [4-5]. 

Endotoxin-induced uveitis (EIU) is the standard model for acute anterior uveitis in subject animals, 
which is inducted with LPS similar to human uveitis simulation [6]. McMenamin et al. reported that 
100 µg LPS injection to rat foot pad can significantly induce anterior uveitis, where neutrophil takes 
place in the ciliar complex and lymphocyte and neutrophil infiltration take place in iris blood 
vessels [7]. Interleukin-6 (IL-6) is the mediator of inflammation that plays the main role in uveitis, 
and the high levels of IL-6 were measured in the aqueous humor of rats with EIU. During 
inflammation, IL-6 is produced by monocytes and macrophages after stimulation of toll-like 
receptors (TLRs) with different pathogen-associated molecular patterns (PAMPs) [8-9]. 

The aim of this study was to compare the efficacy of a steroid, 1% prednisolone acetate, and 
NSAIDs, 0.1% nepafenac and 0.1% diclofenac, on IL-6 levels of aqueous humor from EIU rat 
models.  

 

Methods 

Animal Subjects 

Randomly chosen Wistar strain Rattus norvegicus weighing 150-200 grams, which met inclusion 
criterias, were used as animal subjects. Rats were divided into five groups of seven rats each. The 
control group was not induced with LPS and was not treated by steroid or NSAIDs. The 
experimental groups were induced with LPS and treated. Groups II, III, IV and V, respectively, 
were treated with LPS only (positive control); LPS and 1% prednisolone acetate; LPS and 0.1% 
nepafenac; or LPS and 0.1% diclofenac. The steroid and NSAIDs were applied on the right eyes.  

EIU 
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Uveitis was inducted by LPS from Eschericia coli (strain 0111:B4) (Sigma (St. Louis, MO) injected 
to rat feet palms. Exactly 200 µg of LPS previously dilluted in 100 µl phosphate buffer saline (PBS) 
was injected. After one hour of LPS induction, 1% prednisolone acetate (P-PRED, Cendo), 0.1% 
nepafenac (0.1% Nevanac Suspension Eye Drops, Alcon) and 0.1% diclofenac (Flamar 
Diclofenac Sodium Sterile Eye Drops, Sanbe) was dropped on rat eyes every six hours.  

After 20 hours of LPS induction, rats were anesthetized with HCl ketamine, intramuscular 50 
mg/kg BW. Approximately 10 µl of aqueous humor were collected using a 30 gauge needles under 
microscope. 

IL-6 Level Measurement 

IL-6 levels were measured using Rat ELISA IL-6 kit (RnD System, USA). The kit used detection of 
color change from blue to yellow and color intensity was measured at 450 nm.  

Statistical Analysis 

The data was analyzed using one-way ANOVA. If significant differences were found Tukey test 
was applied post hoc. If the data did not meet the normality and homogeneity assumption, 
Kruskal-Wallis and Mann-Whitney test was used.  

 

 

Results  

Dilatation of iris blood vessels was detected one hour after LPS injection, which was more dilated 
than before LPS injection. Further iris dilatation was detected 20 hours after LPS injection (Figure 
1). This response appeared in all uveitis-inducted animal subjects.  
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Figure 1.  Normal rat iris (a), uveitis-induced rat iris one hour after LPS injection (b), 20 hours 

after LPS injection (c). 

 

The highest level of IL-6 was obtained from positive control group (mean 109.943 pg/ml). Groups 
III, IV and V had levels of 32.504, 50.197, and 59.220 pg/ml, respectively (Figure 2).  
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Figure 2.  IL-6 Level in aqueous humor. 

 

Except Group II, all groups were normally distributed. Therefore, Kruskal-Wallis test was applied 
to Group II. The IL-6 level data from all groups was homogeneous (p > 0.05). 

There was a significant different in treatments between experimental groups that affected IL-6 
levels in rat aqueous humor (p < 0.05). 

Based on Mann-Whitney and post hoc test, there was significant difference between the lowest 
group, Group III (1% prednisolone acetate), and the highest group, Group II (control positive/LPS 
only). On the contrary, IL-6 levels in Group IV (0.1% nepafenac) was higher than Group V (0.1% 
diclofenac), but not significantly different.  

 

Discussion  

During EIU there is intense iris vasodilatation, blood-aqueous barrier damage and tissue and fluid 
infiltration by leukocytes. This occurred in all animal subjects induced by LPS. Iris hyperemia 
(dilated blood vessels) begins within one hour and becomes progressively more dilated, the 
maximum dilation occurs at 24 hours after LPS injection. It will remain at maximal width during the 
next 6-8 hours. Dilation of iris blood vessels can still be observed at 72 hours after LPS injection 
according to Bhattacherjee et al. in their observations evaluating intraocular inflammation after 
bacterial endotoxin injection (LPS) [10]. 

LPS, which is a component of the cell wall of gram-negative bacteria, is known to activate 
transcription factors and expression of inflammatory cytokines, chemokines and other 
inflammatory markers. Increased inflammatory marker expression as a result of a damaged 
blood-ocular barrier and leukocyte infiltration into ocular tissue contributes to the development of 
EIU. This is similar to infections that induce uveitis in humans [6]. Qin et al.) Induced mice with 
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LPS injections in the sole of the foot at a dose of 1 mg/kg to cause EIU. The dose was selected 
based on a preliminary study result showing 1 mg/kg LPS was the optimal dose to induce 
moderate inflammation in both eyes without causing damage to the kidneys and liver [11]. 

In this study, the comparison of IL-6 in aqueous humor after treatment with 1% prednisolone 
acetate, 0.1% nepafenac or 0.1% diclofenac showed statistically significant differences (p > 0.05). 
The lowest IL-6 levels were obtained by Group III (prednisolone acetate). The decrease in IL-6 
was similar to that of the negative control group (not induced by LPS). This indicates the ability of 
1% prednisolone acetate in dealing with inflammation in the anterior segment. The highest levels 
of IL-6 were obtained in Group II (positive control group).  

NSAIDs can reduce inflammation by inhibition of cyclooxygenase. Nepafenac and diclofenac have 
the ability to inhibit COX-2, required for prostaglandin synthesis. Prostaglandin PGE2 acts on the 
second messenger cAMP, which increases IL-6 expression. Nepafenac shows penetration ability 
six times faster than diclofenac in human cornea in vitro. Other studies reported that after one drop 
of 0.4% nepafenac or 0.1% diclofenac, the highest levels of IL-6 observed were 205.3 (30 mins 
after treatment) and 82 ng/ml (2.4 hours after) [12,13]. This showed that 0.1% nepafenac had 
better penetration ability to the anterior segment of the eye than 0.1% diclofenac. Therefore, in this 
study, the decrease in IL-6 of the aqueous humor acids in the nepafenac treatment group was 
higher than that of diclofenac, although not statistically significant. 

Prednisolone is known to inhibit the activation of NF-kB and the phospholipase A2 enzyme, thus 
affecting the decrease in aqueous humor IL-6 levels, whereas NSAIDs decrease IL-6 production 
only through inhibition of cyclooxygenase enzyme. Inhibition of the phospholipase A2 enzyme will 
lead to a decrease in prostaglandin levels, thus decreasing the levels of IL-6 since PGE2 may 
activate the second messenger cAMP that increases IL-6 expression [12, 14, 15]. 

This suggests inhibition of inflammation by steroids higher in the pathway of inflammatory 
cascades than NSAIDs19. In addition, the role of steroids in inflammation with a wider inhibitory 
mechanism than NSAIDs is seen. Thus, in this study, the IL-6 decrease after 1% prednisolone 
acetate was greater than that of the NSAIDs, 0.1% nepafenac and 0.1% diclofenac, and was 
statistically significant. 

This study has limitations such as the absence of observations on the expression of enzymes that 
act as inducers of inflammatory mediators. 

 

Conclusion  

There was a significant difference in aqueous humor level of IL-6 in EIU rat model after 
administration of 1% prednisolone acetate, 0.1% nepafenac and 0.1% diclofenac. The greatest 
decrease of IL-6 levels was obtained after administration of 1% prednisolone acetate. IL-6 levels 
after 0.1% nepafenac treatment were lower than 0.1% diclofenac, showing that 0.1% nepafenac 
gave greater IL-6 reduction than 0.1% diclofenac, but was not statistically significant. 

Further study examining the expression of enzymes expression that acts as an inducer of 
inflammatory mediators would add further information to the role of these treatments in EIU. 
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Abstract  

Therapeutic compliance in normal tension glaucoma (NTG) patients remains a challenge as NTG 

can result in irreversible blindness. This study will provide data on medication compliance among 

patients with NTG, and factors associated with medication compliance.This cross-sectional 

observational study was performed at the Saiful Anwar Hospital (RSSA), Malang. Data on sex, 

distance to the hospital, marital status, employment status, living alone or not, and educational 

level were collected. Respondents were interviewed with the Glaucoma Treatment and 

Compliance Assessment Tool (GTCAT), and underwent eyedrop weighing to determine 

therapeutic compliance. Data analysis comprised correlations and regression tests.Data from 40 

NTG patients were collected, 42.5% were men and 57.5% were women, aged 58.43 ± 12.5 

years. The rate of treatment compliance was 40%. Educational level and glaucoma knowledge 

were significantly correlated with therapeutic compliance. Other variables which showed higher 

compliance rates were male gender, lives within 7.5 km from hospital, married, does not work, 

does not live alone, uses eye drops three times a day, good doctor and patient relationship, and 

does not forget to bring drugs while traveling. Many factors are associated with higher compliance 

rates, but only educational level and glaucoma knowledge were significantly correlated with 

compliance. This highlights the need for patient education to ensure better medication 

compliance, leading to effective NTG management. 
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Background  

Normal tension glaucoma (NTG) is a progressive optical neuropathy which resembles primary 
open angle glaucoma (POAG), without the presence of increasing intraocular pressure (IOP). 
Based on the Survey of Sense Health in 1993-1996, the prevalence of blindness due to glaucoma 
was 0.20%. According to the results of the Basic Health Research in 2007, 0.46% of respondents 
were diagnosed with glaucoma. Between July 2013 and June 2014, 137 new glaucoma patients 
and 1437 old patients attended the eye polyclinic at the Saiful Anwar Hospital (RSSA). Thus, the 
prevalence of glaucoma patients in comparison with the total eye patients amounted to 7.2%. The 
incidence of NTG itself varies across populations, with a higher incidence found in the Asian 
population [1-3]. 

A compliance study of glaucoma therapy in Egypt reported that 53.6% of patients do not adhere 
to therapy. Another study in the Netherlands stated that the non-compliance rate was 27.3% [3-
7]. Compliance with therapy in glaucoma patients is hard to measure. Patients generally increase 
use of the drug prior to visiting the doctor. Methods of observation are perceived as impractical 
and distracting, and pharmacy notes are hard to obtain.  

Therapeutic compliance remains a problem in many patients with glaucoma, and it is one of the 
considerations of surgery. To date, there is no research focusing on the assessment of treatment 
compliance in NTG patients; thus, it is expected that this research will provide data on 
compliance with eye drop treatments among NTG patients. This study will also examine factors 
associated with compliance [8]. 

 

Patient and Observation 

This cross-sectional observational research was conducted in the eye outpatient clinic at the 
RSSA, Malang, from February to March 2017. Sampling was performed consecutively for 40 
patients. The independent variables of this research were demographic factors, behavior, health 
care system, treatment regimen characteristics, and situational factors. The dependent variable 
was treatment compliance. The inclusion criteria for this study were: aged 18 years or older; 
diagnosed with NTG in the eye outpatient clinic, glaucoma subdivision; history of using IOP-
lowering eye drops in one or both eyes for at least one month; consents to participate in the 
study; carries anti-glaucoma eye drops; and is able to answer the GTCAT. There was no 
exclusion criterion for this research. This research was given ethical clearance by the Hospital’s 
Ethics Committee. 

NTG patients attending the eye outpatient clinic, glaucoma subdivision, at the RSSA Malang, 
were asked about demographic data and systemic disease history. Visual acuity and anterior 
segment examination was carried out. Examination of the eye angle was performed with a 
Thorpe Four Mirror Gonio-lens 18 mm. Funduscopic examination was performed with a Neitz 
BXα Ophthalmoscope. IOP examination was performed with a Tonometry Applanation Haag 
Streit AT900. The GTCAT version 2 was used, compiled by Barker et al. in 2015, and translated 
into Indonesian. The GTCAT questionnaire was administered to patients. The researcher read 
each GTCAT statement and the response choices, then the researcher marked the questionnaire 
according to the response of the patient. 

Therapeutic compliance is defined as the suitability of the amount of eye drops that patients use, 
under physician’s instructions, calculated from the weight of the drug left in the bottle. The 
weighing of the drug bottle was performed with a digital scale Model I-2000 with precision up to 
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0.01 grams. If the content of the eye drops is more than it should be, it can be concluded that the 
patient is not complying with the therapy. Improper eye drop usage, or too much usage, 
automatically reduces the weight of the eye drops; this is a weakness of this research. Weighing 
was performed only for anti-glaucoma eye drops. 

 

Results  

In total, data from 40 NTG patients was collected. Patients were aged between 18 and 80 years, 
with an average age of 58.43 years (range ± 12.5 years). The average distance to the hospital 
was 24.93 km. All subjects (100%) were funded by the BPJS (National Health Coverage). A 
summary of the patient characteristics is presented in Table 1. 

The validity test resulted in 25 invalid statements, leading to editorial changes in the sentences. 
After initial completion, the validity test was conducted again and 18 statements remained invalid; 
thus, these statements were excluded from the questionnaire. In the case of independent 
assessment of the efficacy of statement item indicating unreliability, despite the validity test, the 
statement was deemed invalid. Unreliable items were not included in further data analysis.  

Based on Pearson’s correlations, education level and glaucoma knowledge were significantly 
correlated with treatment compliance (p < 0.05). There were no other significant correlations 
between treatment compliance and the independent variables. Regression analysis for education 
level and glaucoma knowledge also showed significant relationships, with r-square values of 
0.102 and 0.109, respectively. 

Overall, the rate of therapeutic compliance in the current study was 40%. The rate of therapeutic 
compliance is presented in Table 2. 

When examining the association between treatment compliance and behavioral variables, 35% of 
patients with good behavior were adherent to therapy, while 45% of patients with poor behavior 
were adherent to therapy. The four indicators of behavior were barriers to therapy, 
knowledge/experience, vulnerability, and perceptions of severity. The data are presented in Table 
3. 

With regard to situational variables, one indicator was whether the patient often forgets to bring 
the drug while traveling. In patients who reported that they do not forget to take their drug while 
travelling, the compliance rate was 42.9% while for those who often forget to bring their drug, the 
compliance rate was 38.5%. 

The measure of therapeutic regimen in this research had one indicator, i.e., the amount of eye 
drops used. The percentage of treatment compliance in the patients using 1, 2, 3, 4, 5, and 6 eye 
drops per day was 33%, 33%, 62%, 50%, 0%, and 0%, respectively. 

Discussion  

In this study there were more female patients than males. According to the research conducted 
by Sawada in 2015, NTG is more common among women than men. Mallick also reported a 
higher prevalence of NTG in females than males. Stamper reported that NTG is more common 
among females, but the exact cause remains unknown. In this research, the rate of therapy 
compliance was higher among men than women. This is in contrast to previous studies where 
non-compliance was found more frequently in male patients with chronic glaucoma [7-13].  
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In the current study, the patients ranged in age from 18 to 80 years, with an average age of 58.43 
years. Leung reported that age is a risk factor for NTG. The mean age of onset of NTG is 
between 63.7 and 64.9 years, and prevalence increases with age. In the Low-Pressure Glaucoma 
Treatment Study, 9.5% of patients were aged 40-49 years, 16.3% were aged 50-59 years, 36.8% 
were aged 60-69, and 29.5% were aged 70-79. This is in line with the current research where 
patients with NTG were mostly aged 60-69 years. Sawada reported that the average age at time 
of first diagnosis of NTG is 56.4 ± 11.7 years (with age range of 16-81 years). Stamper reported 
that although NTG has been reported among young people, NTG is more commonly found in 
older people over 60 years of age. This average age is older than that of primary open-angle 
glaucoma patients [9, 11, 14]. 

The rate of non-compliance with therapy in the current study was 60%. In accordance with 
Tamrat et al., 67.5% of patients do adhere to glaucoma therapy. In this research, the rate of 
compliance with therapy was higher in unemployed patients than those employed. Jin et al. 
suggested that due to work and busyness, patients may not be able to adjust the drug delivery 
schedule, nor take the time to visit the clinic [7, 15, 16]. 

Compliance with therapy in married patients was higher than in single patients. The majority of 
patients reported that they live with their families, whilst 10% lived alone; however, the rate of 
treatment compliance was lower in patients who lived alone than patients who did not live alone. 
Jin et al. suggested that marital status may positively influence compliance to therapy. Spousal 
help and support can be the reason why married patients are more adherent to treatment than 
single patients [15]. 

All subjects (100%) were financed by government insurance. However, not all drugs used by 
patients are covered. Jin et al. suggested that cost is a crucial issue in determining patient 
compliance, especially in patients with chronic diseases, because therapy can last a lifetime. 
Uninsured patients are more likely to be non-compliant with therapy. However, although all 
patients had insurance, medical expenses can still be a problem because of differences in the 
insurance system. Health personnel should understand each patient’s economic situation and 
help them to seek effective treatment [15]. 

Greater than 7.5 km distance between the patient’s home and the hospital was associated with 
lower compliance with therapy. To date, there is no data on the distance between a patient’s 
house and the hospital in NTG patients. However, a study conducted by Malick reported that 
primary open-angle glaucoma patients living more than 10 km from the hospital had more severe 
glaucoma, possibly due to difficult access to the health service [17]. 

Therapeutic compliance rates tend to increase with higher education levels. There is no literature 
on education level and compliance in glaucoma patients, but the study by Jin et al., among 
tuberculosis patients, suggested that educational levels may be related to treatment compliance. 
Patients with higher levels of education should have better knowledge of the disease and the 
therapy, resulting in more adherence to therapy; however, patients with lower levels of education 
may be more confident in the doctor, and follow all of their suggestions [15]. 

Patients in the current study had high levels of comorbidity; 30% had hypertension, 22.5% had 
diabetes mellitus, and 30% had other diseases (lupus, asthma, osteoporosis, colitis, 
osteoarthritis, among others). The circulation of the blood is known to affect the pathogenesis of 
glaucoma. Disturbance to the circulatory physiology affects the perfusion of blood to the optic 
nerve. Patients with NTG or POAG are more likely to have hypertension than healthy controls. 
There is no direct correlation between hypertension and average ocular perfusion pressure. 
However, treatment of hypertension can produce NTG and ischemic damage to the optic nerve. 
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Hayreh et al. found that, at night, diastolic pressure is significantly lower, especially in patients 
with NTG [14]. 

In the validity test, 18 invalid statements were excluded from the questionnaires. A statement on 
the questionnaire is deemed invalid when it is not clear, so that the respondent has difficulty 
choosing a response. In addition, a statement may be invalid because of inconsistent responses 
from the patients; this may result from patients answering recklessly, tiredly, hastily, or having a 
lack of understanding of the statement. The reliability test assess reliability or consistency, 
meaning that if the same statement is repeated, it should produce results that are not much 
different because the characteristics of the measurement process or research instrument are 
reliable. An unreliable result would result in a different response. Therefore, despite the item 
being valid to this respondent, it cannot be replicated by other respondents. 

The rate of treatment compliance among patients with good behavior was actually lower than 
patients whose behavior was not good. To understand this finding, it is necessary to look at the 
four indicators of this behavior variable; compliance therapy was higher in patients with minimal 
therapy barriers, low knowledge, high susceptibility perceptions, and high severity perceptions. A 
study by Mansberger reported that behavioral factors that affect compliance and diligence in 
glaucoma therapy include memory (forgetfulness), knowledge, motivation, health beliefs, skills in 
using eye drops, and treatment for comorbidities. Several researchers have identified memory or 
forgetfulness as the main reason for drug non-compliance in glaucoma patients. Factors 
contributing to this forgetfulness are the fact that glaucoma is chronic and often is asymptomatic, 
making it difficult for patients to remain motivated to adhere to and maintain the treatment 
regimen. Thus, the overall indicator is in accordance with the previous literature, with the 
exception of the patient knowledge variable. It will be further explained below [7, 8]. 

Indicators of therapeutic barrier in this research include three items. Lacey et al.  reported that 
medication compliance is associated with forgetfulness, difficulty with drop use, and age. 
Friedman et al. found cost-related compliance. The knowledge indicator in this research included 
eight statement items. What is interesting about this research is for item number 10, among the 
respondents who only suffer from NTG, 47.5% answered agree or strongly agree as to whether 
glaucoma can occur with normal eye pressure. Jin et al. reported that better knowledge of the 
disease and therapy allows patients to be more adherent to therapy. However, the patient may 
not believe in any benefit if he or she is obedient to therapy. Perception indicators for vulnerability 
included four statements. Lacey et al. reported that medication compliance is related to fear of 
going blind. Further, Friedman et al. found that compliance is associated with risk of vision loss. 
Indicators of severity level perception included four statements [8, 18]. The current study 
emphasizes the importance of patient knowledge for increasing therapeutic compliance, which 
can be achieved by giving the patient regular and thorough information. 

In the current study, the highest rate of treatment compliance was found among patients who use 
eye drops three times per day. Jin et al. showed a relationship between the frequency of eating 
and treatment compliance. Patients who regularly eat three times a day were more adherent to 
therapy than those who eat irregularly. This is because the frequency of eating is an effective 
reminder that patients should take their medication. Treatment may result in ocular or systemic 
side effects in some patients. Compliance and persistence are likely to decline if the patient 
considers that side effects outweigh the long-term benefits of therapy. Patients make decisions 
about whether or not to continue prescribed drugs. They tend to discontinue therapy if their 
tolerability to the drug is low [7, 12, 15]. 

In this research, the rate of compliance with therapy in patients who perceived the health service 
to be good was higher than for patients who had poorer perceptions of the health service. Olthoff 
stated that health care systems affecting compliance and persistence of therapy include factors 
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associated with health care providers, such as doctor-patient communication and patient 
satisfaction with providers, as well as access to services, maintenance costs, and medications. 
Grehn and Stamper suggested that, among patients with glaucoma, poor compliance to follow-up 
visits is associated with dissatisfaction with waiting time at the clinic. The problems associated 
with scheduling appointments and the medical expenses covered can also negatively affect 
compliance and persistence. Awareness of health and physician-patient communication can also 
affect compliance to glaucoma treatment. Several publications highlight the importance of health 
awareness for compliance to glaucoma therapy. Friedman et al. demonstrated that physician-
patient communication may be associated with compliance. In summary, studies have shown that 
educating patients and communication style are important to improve compliance [7,8,19,20]. 

In this research, patients who do not forget to take the drug while travelling had a higher rate of 
therapy compliance than those who frequently forget to bring their medicine. Sleath et al. reported 
that situational factors, such as major life events and changes in weekend routines, are perceived 
to have a negative impact on medication compliance. In outpatient clinics, patients have reported 
that they do not have family or friends to help use the eye drops when they are away from home, 
making it difficult to comply with their treatment regimen [7,8] 

There are several limitations of the current study that have the potential to produce bias. 
Selection bias may have influenced the results because the examination of the drug bottle and its 
contents was only performed for patients who were carrying the drug. Patients who were not 
carrying the drug bottle were excluded from the study. This may have influenced the outcome of 
the study with regard to patient compliance. Further, selection bias may have occurred because 
the research was conducted in a hospital that specializes in glaucoma patients. The results may 
differ from the treatment compliance of NTG patients in the community. The measurement of 
therapeutic compliance by weighing of the drug bottle and its contents may potentially cause bias, 
such as recall bias, as some patients do not remember exactly the first use of the eye drops. In 
addition, too much usage or spilled eye drops result in the illusion that patients have taken the 
drug and are obedient to therapy. However, in reality, they are not. Further, the research data 
collected at the time of the study may be different if conducted over a longer time period. In 
addition, the Hawthorne effect may have occurred among the patients, whereby patients who feel 
they are being observed start to improve compliance and deliberately provide compliant 
responses, which do not necessarily reflect their actual behavior. 

 

Conclusion  

The rate of NTG therapeutic compliance in this study was 40%. Education level and glaucoma 
knowledge were significantly correlated with therapeutic compliance. Other factors, i.e., male 
gender, closer distance between home and hospital, married, unemployed, live with family, use of 
eye drops three times a day, good doctor-patient relationship, and does not forget to bring the 
medicine while travelling, were associated with higher levels of therapeutic compliance, although 
these results were not statistically significant. 
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Table 1. Characteristics of the subject 

Characteristic n Percentage 

Age   

< 29 years old 2 5% 

30-39 years old 1 2,50% 

40-49 years old 4 10% 

50-59 years old 10 25% 

60-69 years old 19 47,50% 

> 70 years old 4 10% 

Sex   

Male 17 42,50% 

Female 23 57,50% 

Marital Status   

Single 2 5,00% 

Married 27 67,50% 

Widow/Widower 11 27,50% 

Live   

Alone 4 10% 

With Family 36 90% 

Education Level   

Uneducated 2 5% 

Elementary  6 15% 

Junior High  6 15% 

Senior High  13 32,50% 

Diploma 6 15% 

Bachelor 6 15% 

Postgraduate 1 2,50% 

Employment Status   

Employed 14 35% 

Unemployed 26 65% 

Systemic disease   

Hypertension 12 30% 

Diabetic 9 22,5% 

Others 12 30% 
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Table 2. The percentage of therapeutic compliance 

Characteristic Percentage  

Sex  

Male 52,9% 

Female 30,4% 

Distance from Home to Hospital  

≤7.5 km 50% 

>7.5 km 33,30% 

Marital Status  

Married 48,1% 

Single 23,1% 

Employment Status  

Employed 35,7% 

Unemployed 42,3% 

Live  

Alone 0% 

With Family 44% 

Education Level  

Uneducated 0% 

Elementary 33% 

Junior High 33% 

Senior High 38% 

Diploma 29% 

Bachelor 83% 

Postgraduate 100% 
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Table 3. Therapeutic compliance in behavioral variable  

Variable Therapeutic compliance (%) 

Behaviour   

Good 35% 

Poor 45% 

Perceived barrier   

Minimal 43% 

Many 37% 

Knowledge  

Good 26% 

Poor 59% 

Perceived Susceptibility  

High 43% 

Low 35% 

Perceived Severity  

High 42% 

Low 38% 
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Abstract 

This research purpose to investigate the contribution of local wisdom and social environment to smoking behavior. 

This research employs a mixed-method (quantitative and qualitative) design. The data were obtained through 

questionnaires, observation, in-depth interviews and focus group discussion. The results show that the socio-

demographic factors are significantly influenced by local wisdom, except gender, men and women smoke based on 

individual will. The dominant influence for smoking behavior is coming from their family, especially imitation of 

the father performed; and social factors in the community. The socio-demography is significantly influenced by 

local wisdom, as it contributes to smoking behavior. 
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Introduction 

Smoking is still a global problem of public health because the impact of cigarettes is harmful to ones’ health. It is 

known that tobacco cigarettes are a major cause of serious health problems experienced by the world population. 

Every year, about 6 million people worldwide lose their lives as a result of serious illnesses. World Health 

Organization (WHO) report estimated that one-fifth of the world’s population dies annually from smoking-related 

diseases. A study conducted by researchers from Taiwan found that a carcinogenic substance in cigarettes called 

NNK causes lung cancer. Furthermore, a study conducted by researchers from England found that smokers suffering 

from Human Immunodeficiency Virus (HIV) suffer from acquired immune deficiency syndrome (AIDS) attacks two 

times faster compared to non-smokers (WHO, 2012).
 

It is ironic that even though various research results have reported the dangers of smoking, including even death, the 

number of smokers around the world has increased to nearly one billion people. According to a study by Arrazola et 

al. (2017) of the CDC, smoking has been shown to be very dangerous for all organs, and adults’ smoking habits start 

in adolescence. Those who started the habit of smoking at a young age had higher rates of dependence on nicotine 

than those who started smoking in adulthood. Hence, efforts to prevent a smoking habit in adolescence become very 

important to reduce the death rate caused by diseases associated with smoking. About the effects of smoking on the 

lungs, measurement of breath length shows a shorter duration in smokers. Duration of breathing was 0–30 seconds 

in 29 people; 21 people breathed for 31–60 seconds, and none reached the standard of breathing duration of 61–90 

seconds. In non-smokers, 7 individuals breathed for 0–30 seconds, 38 individuals breathed for 31–60 seconds, and 5 

individuals breathed for 61–90 seconds (Leischow et al., 2016). There have been various activities to stop smoking, 

such as tobacco treatment research in Syria and in Indonesia since 2007, through programs to encourage avoiding 

passive smoking and prohibit people from smoking at home (Asfar et al., 2016). This program is one of the 

indicators of clean and healthy life behavior (PHBS). Since 2016, the program has become part of the Healthy 

Society Movement (GERMAS), which has six activities, including the non-smoking program (Nila, 2016).
 

According to tradition in Lebong, cigarettes are always provided in every gathering as a symbol to honor 

the guests. Special occasions, such as a marriage proposal or ceremony, are always accompanied by baboa iben (a 

jar filled with betel leaves) as a symbol of local tradition, and there must be a cigarette in the jar. A person will be 
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more likely to be exposed to toxins from cigarette smoke with higher frequency and for more extended periods of 

time. Passive smokers can also experience the same; the danger is higher if they inhale the smoke produced by 

active smokers (Thabrany, 2017).  

Following the opinion of Sedyawati (2006), this tradition belongs to local wisdom because local wisdom is the 

traditional culture of ethnic groups, not only in the form of cultural norms and values but also including all elements 

of ideas, including those that have implications for technology, healthcare, habits, traditions, and aesthetics. With 

that understanding, the definition of local wisdom includes the various patterns of action and their cultural/material 

results. Another definition of local wisdom is the creative response to geographical, political, historical and 

situational situations that are local. Also, local wisdom can also be interpreted as a view of life and knowledge, as 

well as various life strategies that are reflected in activities by local communities in answering various problems in 

the fulfillment of their needs (Permana, 2017). Research needs support; although studies about smoking related to 

the social environment have been done, smoking research related to local wisdom is rare. The social environment in 

this context will be studied more deeply through two approaches, quantitative and qualitative, to be more 

meaningful. 

Theory 

A study in Thailand found that the harmful effects of globalization lead to harsh social, environmental problems, 

including loss of traditional knowledge and wisdom. Strategies that can be used include studying their problems 

collectively and restoring traditional wisdom and knowledge. Other studies are about recognizing the concept of 

health through local wisdom in Situbondo and the study of tradisi memitu in Setupatok Village Community, 

Cirebon. Research conducted in Lebong Bengkulu found local wisdom about traditions around bakoa iben and the 

habit of preparing cigarettes during a party or celebration. The condition is considered to have an impact on the 

social environment of smoking (Mungmachon, 2012; Basyari, 2014; Junianingsih et al., 2017).  

A social environment is a place where citizens or communities interact or mingle together. It includes: (1) the family 

environment, having the most significant influence on one’s behavior, especially children; (2) the school 

environment as a place to develop socializing lessons, interacting with school friends, teachers, school employees 

and merchants who sell snacks outside the school; (3) the college environment, where organizations have a more 

extensive range and more freedom to express opinions; (4) the working environment, an environment closest to the 
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community; and (5) the community environment, which individuals encounter when they are ready and mature 

enough to be able to plunge into it (Ayuniindya, 2012).
 

Experimental Procedure 

Location of study 

This study was conducted in Lebong District of Bengkulu Province, India on May 2018. The total area of 

143,834.55 hectares consists of 103 villages, 10 sub-districts and 13 districts. The population consists of 112,412 

(57,672 males and 54,740 females) and consists of 35,515 households.
18

 Lebong District is located at coordinates 

105º–108º East longitude and 02º 65'–03º 60' South latitude. Based on law no. 39, year 2003, the birthday of Lebong 

District is on January 7, 2004. Muara Aman is the capital. Lebong Regency is bordered by Sarolangun Regency of 

Jambi to the north, Rejang Lebong Regency to the south, North Bengkulu Regency, North Bengkulu, to the west and 

Musi Rawas Regency of Lubuk Linggau City to the east. 

This research employs mixed methods, in which the researcher uses quantitative and qualitative research in one 

research process or concurrent processes to gain more comprehensive and complete results about a phenomenon or 

problem that is examined. This research is quantitative in that it uses a survey design and qualitative in that it 

includes a case study (Neuman, 2008; Husmiati et al., 2016). This mixed study is based on the following 

considerations: (1) It can answer “unanswerable” questions, if only by using one of the research approaches, (2) it 

can provide more strengths and fewer weaknesses, (3) it yields more comprehensive evidence, (4) it makes it more 

critically and creatively possible to uncover the research problem more sharply and profoundly, to use methods 

structured more freely and to prioritize processes and products. 

There were two principles used in determining informants and samples in the qualitative research: appropriateness 

and adequacy. Therefore, the determination of informants was done by purposive sampling to choose the person 

who could provide information with predetermined criteria, by the topic of the research. There were 60 people 

chosen as respondents who came from various social environments, such family, school, peers and the community 

environment, including teachers; culture experts; and executive, legislative and other public figures. Meanwhile, 

informant sufficiency was determined to occur when there was saturation or no more variations of answers that were 

quite prominent (Martha and Kresno, 2016). The quantitative data were analyzed by using a descriptive statistical 
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test, t-test and chi-square test with SPSS. Furthermore, a qualitative analysis was done with flow model analysis, 

including data collection, data reduction, data display and conclusion/verification (Miles et al., 1992).
 

 

Results  

Socio-demographic Relationships with Social Environment 

The research shows that the proportion of smokers by age (see Table 1) consists of those of adult age (21–51 years) 

at 40%, the elderly (52 years and over) at 25% and teens at 26.67%. Among children, the investigators found 3 

children who smoke. Two started smoking at the age of 5 years, and one started smoking at the age of 6. 

Table 1. Socio-Demographic Profile of the Respondents 

Characteristics Frequency Percentage 

Age:   

6-13 years old 7 11.67 

13-20 9 15.00 

21-27 6 10.00 

28-35 6 10.00 

36-43 6 10.00 

44-51 6 10.00 

52-57 8 13.33 

58-65 7 11.67 

Older than 66 years old 5 8.33 

Sex:   

Male 45 75.00 

Female 15 25.00 

Education   

No school 9 15.00 

Elementary school graduate 11 18.33 

Junior High School graduate 19 31.67 

Senior High School graduate 15 25.00 

College Graduate 6 10.00 

Occupation:   

Not yet go school 3 5.00 
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Student 13 21.67 

Farmer 20 33.33 

Merchant 8 13.33 

Entrepreneur 7 11.67 

Government Officer 6 10.00 

Legislative member 3 5.00 

 Source: data Primer 2017 

 

The relationship between Sex and Social Environment Factor 

The relationship between sex and the impact of environmental factors on smoking behavior in Lebong 

District is summarized in Table 2. 

Table 2. The relationship between sex and social environment factor 

 
Environmental Influences 

Total Family School College Office/Working Community 

ex Male 14 8 4 7 12 45 

Female 5 5 0 2 3 15 

Total 19 13 4 9 15 60 

 Source: data Primer 2017 

 

Table 2 shows that respondents from the male group dominated the overall research respondents. The 

group of male respondents admitted that smoking is mostly influenced by the family, community, school, 

office/working and college environments. The group of female respondents said that their choice to smoke is 

affected by the family, office/working, school, and community environments. 

Furthermore, from the statistical test, it was known that the relationship between sex and social, 

environmental factors affecting smoking behavior is not significant. This can be seen from the value of chi-square, 

2.844 with a p-value of 0.584, more significant than the alpha of 0.05 (see Table 3). The test result proves that the 

social environment factor does not significantly influence the behavior of male or female smokers. It can be said that 

both men and women have the same habits in consuming cigarettes. 



Annals of Tropical Medicine & Public Health-Special Issue Mar 2018 Vol 9 

 

 

S604-18 

 

 

Table 3. Testing Statistics Relationships between Gender and Social Environmental Factors 

 Value Df Asymp. Sig. (2-sided). 

Pearson Chi-Square 2.844
a
 4 .584 

Likelihood Ratio 3.709 4 .447 

Linear-by-Linear Association .539 1 .463 

N of Valid Cases 60   

Source: data Primer 2017. a. 6 cells (60.0%) have expected count less than 5. The minimum expected count is 1.00 

 

 

 

The relationship between Education and Social Environment Factor 

The relationship between education level and social environment in the smoking behavior of people in 

Lebong District is summarized in Figure 1. 

 

 

Figure 1. The relationship between education and social environment factor 

 

Figure 1 shows that the smokers who responded to the study were dominated by junior high school 

respondents, followed by high school graduates and those who did not complete primary school. These results 

indicate that the education level of respondents is relatively good, but they lack understanding about the dangers of 
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smoking, so the activity of smoking becomes a daily habit. The family becomes the primary driving factor in 

people’s smoking behavior, followed by the factors of the community, school, work and college environments. 

 

The relationship between Occupation and Social Environment Factors 

 The relationship of job and the impact of environmental factors on smoking behavior in Lebong District is 

summarized in Figure 2. 

 

Figure 2. The relationship between occupation and social environment factors 

 

The relationship between Social Demography and Local Wisdom 

When tested with the chi-square test, the relationship between socio-demography and local wisdom in all 

demographic levels of respondents shows a significant influence of local wisdom on the people in Lebong Regency. 

The age, education and occupation p-value is 0.000, less than the alpha of 0.05, meaning that local tradition 

influences the smoking behavior for all three variables of respondents. On the other hand, the gender factor does not 

show significant influence: here, the p-value of 0.000 is less than the alpha of 0.257, meaning there is no correlation 

of the local wisdom factor for woman and men about their smoking behavior. Respondents smoke because of their 

factors (Table 4). 

 

Table 4. Testing Statistics Relationships between Gender and Traditional/Lokal Wisdom Factors 

 Tradition/Local Wisdom Total 
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Ashamed if 

not smoking 

(considered 

cannot 

mingle) 

Considered 

not knowing 

own 

tradition 

Avoid 

being seen 

as poor or 

stingy 

Do not want 

to be 

considered 

unmanly 

Becoming 

need, 

respecting 

host, guest 

smokes 

Gender Male 9 13 8 3 12 45 

Female 3 6 0 3 3 15 

Total 12 19 8 6 15 60 

Chi-Square Tests 

 Value Df Asymp. Sig. (2-sided) 

Pearson Chi-Square 5.305
a
 4 .257 

Likelihood Ratio 6.955 4 .138 

Linear-by-Linear 

ssociation 

.062 1 .803 

N of Valid Cases 60   

a. 6 cells (60.0%) have expected count less than 5. The minimum expected count is 1.50. 

 

Discussions 

The relationship between Sex and Social Environment Factor 

The funding relationship between sex and the impact of environmental factors on smoking behavior in Lebong 

District is not much different from the study by Neuberger and Min (2017), which proves that the prevalence of 

smoking from time to time decreases significantly in men, but not in women. However, within a few days, there was 

a significant increase in female and male smokers. The average number of cigarettes consumed remains the same. 

According to MGW, a retired government officer/nurse, 

Most of the women in the village of Semelako and surrounding areas are smokers. Women 

smoking in public places is seen [as] inappropriate, even considered to be naughty, because 



Annals of Tropical Medicine & Public Health-Special Issue Mar 2018 Vol 9 

 

 

S604-18 

 

women are usually nyirih, not smoking. Commonly, smoking is influenced by the environment 

and work. I sometimes smoke to prevent being sleepy while waiting for the patient to give birth. 

There are also pregnant women who smoke. Some of the babies have low body weight, but some 

others are normal. 

Mr. DRMYT, head of health promotion at the Public Health Office in Lebong, explained, 

Currently, women in Lebong have started to be dare to smoke in public places, not appropriate to 

see. The reason they smoke is that it is more practical than carrying nyirih equipment and does not 

cause the clothes dirty. Another reason is to relieve the cold and drowsiness during night time. 

The findings are not much different from the results of research in Malang stating that most of the female 

visitors (80.0%), that is, 24 female visitors, in STMJ SOB in Malang are heavy smokers. This phenomenon is due to 

the influence of the environment. It proves that there is a relationship between the social environment and smoking 

behavior in women (Riyandi et al., 2017).
 

 

The relationship between Education and Social Environment Factor 

The result of a statistical test shows that the correlation between educational level and the social environment factor 

in influencing smoking behavior is significant. This can be seen from the chi-square value of 55.385, with a p-value 

of 0.000, less than the alpha of 0.05. The results of these tests provide evidence that social, environmental factors 

significantly affect people’s smoking behavior at all levels of education. The findings are consistent with the 

statement that there is no influence on the smoking behavior of the teacher’s role. Although the teacher provides 

counseling about smoking restrictions, students keep smoking outside the school (Stanislaus et al., 2014; Febrianika, 

2016).
 

 

The relationship between Occupation and Social Environment Factors 

From the data in Figure 2, it is generally known that farmers are the dominant smokers in Lebong District, followed 

by students, merchants, entrepreneurs and so on. The family environment becomes the primary driving factor in 

farmers’ smoking behavior, while students like to smoke because of the school environment. The community 

environment factor drives another group of respondents. The results of statistical tests showed that the relationship 
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between occupation and the social environment factor in the development of smoking behavior is significant. This 

can be seen from the value of chi-square, 85.268 with a p-value of 0.000, less than the alpha of 0.05. The social 

environment factor is very influential in every kind of occupation. This finding is supported by the following 

statement by Mr. SA, a religious leader in Lebong. He said that in Islamic law,  

Smoking is makruh (if you smoke, you do not sin, [but] if you do not smoke you get a reward). I 

used to be a farmer. There are many mosquitoes around the garden, and smoking makes the 

mosquitoes run. Based on my experience, and I often see some cases, if bitten by venomous 

animals smokers are more immune than people who do not smoke. 

The statement is contradictory to the findings of Qiu et al. (2017). The research proved that, in particular, 

cigarette smoke worsens the pathological immune responses or reduces standard defensive functions of the immune 

system. Furthermore, it is explained that as a result, smokers will need a more extended healing period than usual. 

Smokers, in general, have lower antioxidant levels than non-smokers. The toxicity of carcinogens and tar causes the 

body to be less effective in fighting infection. 

 

The relationship between Social Demography and Local Wisdom 

In Lebong, there is a tradition of providing cigarettes at every gathering or event as a symbol of respect for guests, 

such as at weddings, bedendang (traditional musical performances), hitanan (the ceremony for circumcision) and so 

on. Furthermore, in the hantaran event or wedding ceremony, the people carry a basket filled with betel leaves and 

cigarettes (bakoa iben). If the items are not complete, i.e., there are no cigarettes, then the traditional leader will 

postpone the event. Some arguments are saying that if men do not smoke and do not provide cigarettes, the event is 

to be postponed or canceled because the tradition is still active and the people feel afraid or do not want to break the 

tradition. Some examples of public opinions can be seen in Figure 3. 
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Figure 3. Respondents on the influence of local wisdom in smoking behavior 

 

According to Mr. SJ, a cultural expert in Lebong:  

Yes, traditionally, in Lebong, the container of betel leaves (bakoa iben) is filled with betel and 

cigarettes as a symbol that must be brought by the groom’s family to propose [to] a woman or in 

the marriage ceremony. To honor the guests who hold celebrations, such as weddings, bedendang, 

prayers and so on, the host provides cigarettes for his guests. Otherwise, it will be considered 

stingy and ignoring the tradition. It has become a custom or tradition, especially in Lebong area 

and generally the people of Bengkulu. 

YT, speaker of DPRD, in Lebong, says, 

If you do not smoke, most women and their parents think you are poor [and] cannot afford to buy 

cigarettes. Cigarettes are always provided in any parties or events so that people will smoke. If the 

price of the cigarettes provided by the host for his guests is high, people will assume that the host 

is rich, able to mingle, appreciate the guests and not stingy.  

According to Mr. HRMS, chairman of Lebong’s Customary Meeting Council,  

It is true that in every event, the host provides cigarettes, and commonly man guests offer 

cigarettes to their friends. If they do not do that, they are considered disrespectful, so their friends 

do not want to come [to] their house. If they see a man not smoking, he will be said to be a sissy 

because they believe that man must smoke. 

The findings are supported by the findings of a research by Riza et al., (2017) which reported a correlation between 

culture and smoking behavior in adolescents in Pesantren Baitulsabri Lam Ateuk District of Aceh Besar in 2016 
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with a p-value of 0.005 (p < α). This shows that there is a relationship between culture and smoking behavior in 

adolescents, and both bad and good culture and tradition will be followed by the community, especially among 

adolescents. 

The author conclude that the socio-demography of respondents is significantly influenced by local wisdom, as it 

contributes to smoking behavior. However, it is found to be not significant for the gender factor; men and women 

smokers smoke for individual reasons. Family, mainly the father, is the most influential factor in smoking behavior 

performed by children aged 5–7 years. The children tend to imitate their fathers. Social factors (friendship) in the 

community also encourage people to become smokers. 

 

Acknowledgment: The authors would like to express their gratitude to traditional leaders and cultural observers as 

well as the health department in Lebong Regency who guided the implementation of this research. 
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Abstract 

Background: Cervical cancer is one of infectious diseases caused by HPV. Its medical treatment cause negative 

affect on healthy cells and increase the risk of new cancer formation. Therefore some plants are known to be 

potential as medicine for cancer treatment. Aim: Here we aimed to determine the effect of the chloroform 

fraction of epiphyte tea leaf extract (TELECF, 25, 50, 100, 200, and 400 µg/ml) on caspase 9 and caspase 3 

expression in cultured HeLa cells.  

Materials and Methods: HeLa cells was cultured for six experimental groups and four replication. Caspase 3 

and caspase 9 expression on HeLa cells were monitored by flow cytometry. One-Way Analysis of Variance was 

used for data analysis. 

Results: We found that TELECF increases caspase 9 and caspase 3 expression in HeLa cells. The highest 

caspase 9 expression level (73.728% ± 3.019) was detected with 25 µg/ml TELECF. The highest caspase 3 

expression level (66.953% ± 2.367) was detected with 50 µg/ml TELECF.  

Conclusion: In general, the result indicate that TELECF can increases Caspase 9 and Caspase 3 expression in 

HeLa cells.  

 

Key-words: Caspase 3, caspase 9, cervical cancer, epiphyte tea leaf chloroform fraction, HeLa cells, treatment 
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Introduction 

Cervical cancer (CC) is typically treated by either surgery, radiotherapy, or chemotherapy. Such treatments can a 

decrease the number of cancerous cells, but also affect healthy cells. These treatments might also increase the 

risk of new cancer (e.g., in the uterus, kidney, and bladder).
[1]

 CC is an infectious disease caused by the Human 

Papilloma Virus (HPV). HPV infections are detected in 99.7% of CC cases. HPV infections are known to 

increase the expression of the oncoproteins E6 and E7. E6 and E7 bind to the tumor suppressor genes (TSGs) 

p53 and pRb, ultimately leading to excessive cell proliferation. An absence of selective chemotherapies means 

that high doses of drugs with negative side effects are currently used in the treatment of CC.
[2] 

 

Many drugs derived from herbal plants have fewer side effects and are safer for cancer patients than synthetic 

drugs. Indonesia has a high biological diversity, especially plant diversity. Many of the plants found in Indonesia 

have medical properties and are potential sources of herbal-derived cancer drugs. Indonesians have long 

consumed the leaves of Scurulla atropurpurea [Blume] Danser (epiphyte tea, also referred to as tea tree Thea 

sinensis L.) as a traditional medicine to cure many diseases (e.g., diarrhea, fever, and cancer).
[3]

 However, few 

studies have investigated the medical substances contained in epiphyte tea. 

 

The flavonoid substances contained in epiphyte tea have potential as anticancer agents. N-hexane, chloroform, 

and ethanol extracts from macerated epiphyte tea leaves induced apoptosis in HeLa cells. Therefore, the 

chloroform fraction (TELECF) was best at inducing apoptosis in HeLa cells. TELECF contains several 

flavonoids, including flavanones, dihydro flavonol, and catechin.
[4]

 

 

Flavonoids can suppress the expression of mutagenic p53. Under wild-type conditions, p53 plays an important 

role in controlling the cell cycle, by stimulating apoptosis.
[5]

 On the intrinsic apoptotic pathway that occurs in the 

mitochondria, the emphasis on the expression of mutant p53 leads to increased expression of Bax and 

suppression of Bcl- 2 expressions, thereby increasing the permeability of the mitochondrial outer membrane, 

triggering cytochrome c release. Cytochrome c subsequently binds to Apaf-1 to activate procaspase 9, which 

then activates Caspase 9. Caspase 9 activates procaspase 3 into Caspase 3, which is an executor caspase 

apoptosis. In apoptosis, the cells die signaling mediated by several genes that encode proteins for digestion 
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enzyme called caspase. Caspase is part of cysteine proteases that will be active in cell growth, as well as an 

active signal on the cell destruction. Caspase abnormalities can induce tumor growth and immune diseases.
[6] 

 

Several studies have noted roles for flavonoids in inducing apoptosis. Epigallocatechin gallate (EGCG), a 

flavonoid found in green tea, contributes to the depolarization of the mitochondrial membrane so that 

cytochrome c can be released into the cytosol.
[3]

 

 

However, the mechanisms by which the complex flavonoid compounds contained in TELECF induce apoptosis, 

especially intrinsic apoptosis, are unclear. Here, using cultured HeLa cells and analyzed using flow cytometry, 

we aimed to determine the effect of TELECF on the expression of the caspase 9 and caspase 3 proteins.
[7]
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Materials and Methods 

HeLa cells preparation 

HeLa cells were cultured at the Central Laboratory of Biological Sciences (LSIH), Brawijaya University. The 

flow cytometry analyses were conducted at the Biomedical Laboratory, Faculty of Medicine, Brawijaya 

University.  

 

CC conditioned HeLa cells were used in all assays and were obtained from the Agency for the Assessment and 

Application of Technology (BPPT) Serpong, Indonesia. Cultured HeLa cells were divided into six experimental 

groups: an untreated control group and five experimental treatment groups (25, 50, 100, 200, and 400 µg/ml) 

with four replications for each treatment (for a total of 24 samples). 

 

The preparation of herbal extracts 

The epiphyte tea was obtained from the Tea Plantation Lawang, Malang, East Java, Indonesia. Extracts were 

made from macerated leaves using n-hexane and chloroform as solvents. The extract was diluted with Dimethyl 

sulfoxide (DMSO) (Sigma-Aldrich, USA) and added directly to HeLa cell cultures and incubated for 24 h in 

37ºC. 

 

The procedure of experimental treatments and control 

HeLa cells were grown in a 24-well plate and, at 80% confluency, the growth media was replaced with fresh 

media containing the appropriate TELECF concentrations. After a further 24 h of culture in the TELECF 

containing media, the cells were washed with phosphate buffer saline (PBS). Trypsin/EDTA 

(Ethylenediaminetetraacetic) (Promega, Madison, USA) was then added to remove the cells from the well. The 

cells were incubated for 5 min at 37°C and 5% CO2. An equal volume of Roswell Park Memorial Institute 

(RPMI) (Thermo Fisher Scientific, Waltham, USA) complete medium was added to stop the enzymatic process. 

The cells were transferred to a micro-centrifuge tube and centrifugated at 2.500 rpm for 3 min. The supernatant 

was discarded and the cell pellet used for flow cytometry. 

 

The flow cytometry procedure 
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The cells were washed using 500 mL of cell staining buffer and pelleted by centrifugation at 2.500 rpm for 3 

min. The cells were then washed twice with 500 mL of fixation buffer (BioLegend, San Diego, USA) and 

incubated in the dark for 20 min.  

 

The cells were again pelleted and resuspended in 500 mL of washperm buffer (BioLegend, San Diego). After 

pelleting by centrifugation, cells were resuspended in 50 mL of antibody (BioLegend, San Diego) and incubated 

for 20 min in the dark room. After the addition of 500 mL perm wash buffer and 300 mL cell staining buffer, the 

cells were then subjected to flow cytometry. 

 

Statistical analysis 

One-Way ANOVA (doubled-comparison test, regression correlation analysis) from SPSS 16.0 software (IBM 

Corporation) was used to determine the correlation between TELECF and Caspase 9 and Caspase 3 expression. P 

value < 0.05 was considered statistical significant. 

 

Results  

TELECF (treatment groups P1, P2, P3, and P4) increased the expression of Caspase 9 compared to the untreated 

control (p < 0.05). Caspase 9 expression was highest in P1 (Tukey 5%, Table 1), but this was not significantly 

different than the other treatment conditions. 

 

Next, we performed a regression analysis to determine the relationship between TELECF dose and Caspase 9 

expressions (Fig. 1). By this approach, we found that TELECF dose correlated with Caspase 9 expression (p-

value, 0.009; coefficient of determination [R
2
], 49.46%). 

 

The same trends were identified when comparing Caspase 3 expressions in the TELECF-treated and non-treated 

cells, with the highest Caspase 3 expression in condition P2 (Table 2). By regression analysis, we found that 

TELECF dose correlated with Caspase 3 expression (p-value, 0.002; R
2
, 58.22%) (Fig. 2). 

 

Discussion 

Caspase 9 is the initiator caspase of the mitochondrial apoptosis pathway. Recent changes in cancer treatment 

have aimed to manage cell proliferation and cell cycle progression and to induce apoptosis.
[8]

 Important proteins 
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of the intrinsic apoptosis pathway to include cytochrome c, Apaf-1, and Caspase 9, which together form the 

apoptosome.
[9]

 Caspase 9 is already activated effector Caspase 3/7. Cancer can inhibit apoptosis in several ways, 

such as by eliminating the activation of Caspase 9 by inducing expression of Bcl-2 family members, which bind 

to x-linked inhibitor of apopyosis proteins (XIAPs), blocking the formation of the apoptosome, and preventing 

the release of cytochrome c from mitochondria.
[10]

 

 

Caspase 9 is mostly located in the cytosol. However, Caspase 9 has also been observed in mitochondria and the 

nucleus.
[11]

 During the induction of apoptosis, Caspase 9 are actively using neuroblastoma cells and HeLa cells, 

Caspase 9 was detected in the cytosol and also nucleus.
[12]

 Here, we investigated the effect of TELECF on the 

total (cytosolic plus nuclear) expression of Caspase 9 in cultured HeLa cells. 

 

We found that TELECF increases the expression of caspase 9 in cultured HeLa cells in all tested doses. Of the 

tested doses, Caspase 9 expression was highest with the addition of 25 µg/ml TELECF. We speculate about two 

possible explanations for why the highest Caspase 9 expression levels were detected using the lowest tested 

TELECF dose: (i) bias or methodological error; and (ii) defense mechanisms against cancer cells in the induction 

apoptosis. Research addressing cancer drugs that target the phosphoinositide 3-kinase (P13K) pathway has found 

that cancer cells induce apoptosis by activating the P13K-Akt pathway. P13K-Akt signaling induces cell growth 

by inhibiting pro-apoptotic proteins (e.g., BAD and BAX). AKT is also too intrusive negative regulation of 

transcription factor NF-кB, resulting in increased transcription of anti-apoptotic and pro-survival genes. Akt 

phosphorylation by inhibiting MDM2 mediated p53 apoptosis and negatively regulate transcription factors that 

impact a reduction in the production of proteins that induce the death cell.
[5] 

 

Our regression analysis found that TELECF could account for 49.46% of the observed increase in Caspase 9 

expressions. The pro-apoptotic proteins released into the cytosol as part of the intrinsic apoptosis include 

cytochrome c, Smac/Diablo, Omi/HtrA2, and AIF-Endo G. Smac/Diablo and Omi/HtrA2As, which can inhibit 

caspase inhibitory proteins (IAPs), such as survivin. Therefore, it can directly activate executioner Caspase 3/7. 

Apoptosis-inducing factor (AIF) and endonuclease G (Endo G) can also induce apoptosis via caspase-

independent pathways.
[13]

 Although Smac/Diablo, Omi/HtrA2, and AIF-Endo G were beyond the scope of this 

study, we speculate that these mechanisms might account for the changes in caspase 9 expression that could not 

be explained by our regression model. 
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It remains unclear how the activity of anticancer compounds contained in TELECF. It is likely that flavanone, 

dihydroflavanone, and catechin working together to inhibit proliferation and suppress CC. Cathecins is a 

flavonoid that plays an important role in protecting the body from free radical and reactive oxygen. Reactive 

oxygen can damage DNA leading to gene mutation, and potentially uncontrolled proliferation (cancer). 

Flavonoids can also act as anti-cancer agents by affecting antiangiogenesis. Although it is unclear how 

flavonoids affect antiangiogenesis, they have been proposed to inhibit protein kinases.
[6]

  

 

Flavonoids can act as anti-cancer agents via multiple mechanisms, including as anti-oxidants, anti-proliferation 

agents, and inducers of apoptosis. The anti-proliferative effects of flavonoids are related to their functions in cell 

growth signaling. Flavonoids can also target phosphoric kinase and affect P13K, Akt, protein kinase B (PKB), 

the tyrosine kinase protein-1 kinase (P1KC), and mitogen-activated protein kinase (MAP). Stimulation and 

inhibition of this pathway flavonoids in cell function by altering the molecular target phosphorylation and 

modulation of gene expression. Flavonoids are also thought to change growth signal receptor phosphorylation by 

inhibiting or blocking binding to the growth factor receptor. The catechins contained in green tea can induce 

apoptosis and block cell cycle progression in cancer cells.
[14] 

 

Caspase 3 is an executioners caspase that is directly activated by Caspase 9 to induce apoptosis through 

proteolytic processes. Increased apoptosis cascade with an assortment of these stimuli increases regulatory 

proteins that involving caspase activity, DNA fragmentation, and cell degradation.
[15]

  

 

Epiphyte tea often has obligate parasites that live and grow on the stems. These parasites are often found in those 

tea plants thought to have anti-cancer properties. In general, the anticancer compounds (e.g., flavonoids) found in 

epiphyte tea are the same as those found in other epiphyte species. Dendrophtoe pentandra (mango epiphyte) 

contains genistein that is able to induce apoptosis by increasing the expression of Caspase 3.
[16]

 

 

Caspase 3 acts synergistically with Caspase 9 so that the results overview expression of Caspase 3 by 

examination flow cytometry obtained an average expression of Caspase 3 in the control group was the lowest 

compared to the treatment group with doses of 25, 50, 100, 200 and 400 µg/ml at 24 hour incubation period. In 
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the treatment group, we obtained the highest mean value from 50 µg/ml and the lowest from 100 µg/ml of 

TELECF administration. 

 

By regression analysis, we found that TELECF could account for 58.22% of the observed increase in Caspase 3 

expressions. The remaining, unaccounted for increases in Caspase 3 expression might be explained by other pro-

apoptotic proteins not examined in this study, such as Caspase 7 (but this is a speculative). 

 

Further studies are now needed to identify the compounds in TELECF responsible for the observed increases in 

Caspase 3 and Caspase 9 expression in HeLa cells, the mechanism by which these compounds act, as well as 

their anti-cancer properties.  

 

Conclusion 

Based on the result of this study, TELECF significantly increases the expression of Caspase 9 and Caspase 3 in 

cultured HeLa cells. Of the tested conditions, Caspase 9 expression was highest with 25 µg/ml TELECF and 

Caspase 3 expression was highest 50 µg/ml TELECF. The increasement of that expression may be due to the 

compound content related to flavonoid.  
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List of Tables 

Table 1. The comparison of Caspase 9 expressions. 

Experimental 

Treatments Mean ± SD p-value 

Control 65.143 ± 2.560 
a
 

0.005 

P1 73.728 ± 3.019 
b
 

P2 72.073 ± 2.538 
b
 

P3 71.760 ± 1.889 
b
 

P4 72.083 ± 2.144 
b
 

P5 70.963 ± 3.541 
ab

 

Note: the results are significant if the p-value ≤ 0.05 and do not have the same significant letter with the control. 
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Table 2. The comparison of Caspase 3 expressions. 

Experimental 

Treatments Mean ± SD p-value 

Control 

57.938 ± 

2.204 
a
 

0.005 

P1 

64.543 ± 

2.777 
b
 

P2 

66.953 ± 

2.367 
b
 

P3 

63.813 ± 

3.287 
ab

 

P4 

63.735 ± 

2.681 
ab

 

P5 

64.158 ± 

2.504 
b
 

Note: the results are significant if the p-value ≤ 0.05 and do not have the same significant letter with the control. 

Figure Legends 



Annals of Tropical Medicine & Public Health-Special Issue Mar 2018 Vol 9 
 

S605-18 

 

 

Fig. 1 The effect of TELECF towards Caspase 9 expression with polynomial regression. 

 

Fig. 2 Polynomial regression analysis for the effect of TELECF treatment on Caspase 3 

expression in cultured HeLa cells. 
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Abstract. The article presents a theoretical analysis of the main approaches to defining the concept 

of leadership in modern psychology. The authors justify the appropriateness of the application of the 

experimental psychosemantic method (semantic differential method) to the studies of a leader’s 

image in the everyday consciousness of adolescent boys and girls. Results of an experimental 

psychological research are reported, showing the identified basic constructs existing in the everyday 

consciousness of adolescent boys and girls, through which the perception and evaluation of a 

leader’s image are conducted depending on the gender of the research participants. It has been 

found that young women evaluate a leader’s image through the constructs of “interpersonal sensitivity 

and ability to influence others”, “social maturity vs. social immaturity”, while young men are guided by 

different constructs: “strength vs. weakness”, “conventionality vs. innovativeness”. Adolescent boys’ 

and girls’ ideas of male and female leaders and the specific features of identification with different 

types of leaders have both differences and similarities. The novelty of the presented results lies in the 

application of the experimental psychosemantic method (semantic differential method) to the studies 

of a leader’s image in the everyday consciousness of a person taking into account the gender of 

research participants. 

 

Keywords: leader, personality, image, everyday consciousness, psychosemantics, semantic 

differential, factor, construct, semantic space. 
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1 Introduction 

Nowadays, in the context of socio-economic development of the Russian society, the issue of 

leadership remains relevant. In particular, it applies to the problem of identification and development 

of leadership skills, proactive approach to life, and skills of effective social interaction in the younger 

generation. 

Modern adolescent boys and girls are the future economists, politicians and specialists in other fields, 

who may become leaders and assume leading positions in the society. In view of this, a 

comprehensive study of leadership phenomenon at the age of adolescence is necessary. 

Modern psychology has accumulated considerable experience in leadership studies. Theoretical 

analysis of psychological literature devoted to the issue of leadership has shown that in modern 

Russian and foreign psychology, there are many different approaches to the leadership phenomenon, 

but no precise definition of this concept
[1]

. 

The word “leader” means “a person leading others” or “a manager”. The key component of this 

concept implies a person who possesses certain characteristics “useful” for other members of the 

group and who shows successful performance. Besides, it is common to regard a subject of 

interpersonal relationships as a leader if other members of the group acknowledge their right to make 

decisions important for the whole group. Such a leader can exercise significant influence on members 

of the group, encourages the integration of the group, expresses common group values, etc.
 [2]

. 

Essential personal qualities typical of a leader include the following: a sense of responsibility, good 

communication skills, self-discipline, ability to analyze information quickly and make decisions. 

There are several approaches to leadership in foreign psychology: leadership as a set of different 

personal characteristics (M. Weber, O. Tead, A. Wiggam, J. Dowd, F. Woods, E. Bogardus, C. Bird, 

R. Stogdill, B. Bass, W. Bennis); leaderships as different patterns of behavior in the society (G. Tarde, 

R. Tannenbaum, W. Schmidt, R. Likert, R. Blake, J. Mouton, D. Aronovitch, Blake, J. Mouton); 

leadership as a logical consequence of the social situation (H. Gerth, C. Mills, E. Hartley); leadership 

as possible ways of interpersonal interactions (R. Stogdill and C. Shartle); leadership as the 

organizational basis of activities conducted by members of a social group (R. Cattell, E. Hollander, J. 

Julian
[3]

. 
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B. Bass and W. Bennis described leadership as a phenomenon resulting from certain personality 

traits of a leader: persuasiveness, self-confidence, willingness to take risks, optimism, courage, self-

discipline, strong will, etc.)
[4], [5]

. 

E. Fromm, who was a representative of the psychoanalytic school of thought, regarded a leader as a 

parental figure
 [6]

. A. Adler highlighted in his works that suppression of desires leads to compensatory 

higher social activity, i.e. he views striving for leadership as a result of unconscious desires of a 

person which have not been materialized within the society
 [7]

. 

R. Griffin, who supported the implicit leadership theory, considered leadership in the context of 

perception of a leader by other people. The author developed the theory of symbolic interaction; it 

represents leaders as people who make decisions and perform actions, which are later interpreted 

from the perspective of their impact on the accomplishment of a group task
 [8]

. 

S. and T. Kuczmarski, who supported values-based leadership theories, believed that a leader 

exercises a significant influence on value orientations and intergroup norms followed by people 

belonging to the corresponding social group. According to S. and T. Kuczmarski, one should learn 

how to be a leader in the course of their activity
[9]

. 

In Russian psychology, there are also a number of approaches to leadership studies: axiological 

message conveyed by a leader’s actions (N. A. Berdyaev, S. N Bulgakov, P. L. Lavrov, N. K. 

Mikhailovskii, P. A. Sorokin, P. N. Tkachev), leadership in the framework of activity theory (A.N. 

Leontiev), leadership in the framework of small group psychology, leadership as an indicator of 

interaction within a group, leadership from the perspective of dominance and submission (N. S. 

Zherebova), the opposition of leadership and management as informal and formal approaches (D. 

Parygin), leaders’ managerial abilities (L. I. Umanskii), personality structure of a leader and various 

aspects of group leadership, such as dependence on relationships in the group, interaction of the 

group with wider social systems, and gender aspects of leadership (G. K. Ashin)
[10]

. 

Application of experimental psychosemantic methods offers a wide range of opportunities to study the 

issue of leadership. Works of Russian psychologists V. F. Petrenko and N. A. Zankovskii present an 

entirely new approach to leadership studies involving usage of experimental psychosemantic 

methods, which lies in “reconstruction of individual systems of values and meanings allowing 

researchers to identify core value paradigms, in the light of which a leader perceives the world and 

conducts their activities”[11], [12]
. 
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The perception and evaluation of oneself and others from the leadership perspective is done through 

the prism of social attitudes, stereotypes, and constructs reflecting the subjective worldview of this 

person, representing psychosemantic space of their everyday consciousness. 

Studies of a leader’s image among adolescents seem to be an up-to-date topic and an issue of 

psychological interest. In this research, we rely on the premise that the image of a leader and their 

personal characteristics already exist in the everyday consciousness of adolescent boys and girls; 

however, the personal meaning and subjective perception of these traits existing in individual 

everyday consciousness have a specific nature. 

The hypothesis of this research is the assumption that a leader’s image and ideas of leadership in the 

everyday consciousness of adolescent boys and girls have their own specific characteristics 

depending on the gender of respondents, i.e. the categorial structure of consciousness in adolescent 

boys and girls reflected in semantic space is accompanied by a set of personal subjective meanings 

and constructs, which modify the perception of a leader’s image. 

Psychosemantic analysis of a leader’s image will help to unveil the latent implicit worldviews held by 

adolescent boys and girls, including conscious and unconscious ideas of leadership. 

 

2 Methods 

The aim of this research is to determine specific psychosemantic features of a leader’s image in the 

everyday consciousness of adolescent boys and girls. In order to accomplish the goals of this research 

and test the hypothesis under consideration the experimental psychosemantic method has been 

employed, namely the method of semantic differential. 

This method was developed in 1955 by C. Osgood and a group of other American psychologists. 

Nowadays the method of the semantic differential is used for the analysis of personal and social 

meanings reflected in the everyday consciousness of a person. 

The method of the semantic differential is a combination of two types of procedures: scaling and the 

method of controlled associations. Objects, in our case role positions, are evaluated against a number of 

bipolar scales, the poles of which are represented by opposite qualitative adjectives. Then, with the help 

of factor analysis, the researchers identify factors representing semantic invariants of the scales contents 

comprising a separate factor. 
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The factors can be represented in graphic form as a semantic space, which is used as a metalanguage 

for describing the meanings. Phychosemantic analysis of meanings allows us to draw conclusions about 

their similarities or differences by calculating distances between values
 [11], [12]

. 

For the purposes of the research, a particular role semantic differential was created. It included 55 

scales consisting of bipolar opposite adjectives relating to personal characteristics (strong — weak, 

responsible — irresponsible, etc.) and 12 role positions: 1) Me; 2) Formal leader (manager); 3) 

Informal leader (chief); 4) Male leader; 5) Female leader; 6) Leader-creator; 7) Leader-destroyer; 8) 

Me in 10 years; 9) Typical member of the society; 10) Ideal person; 11) Modern young man; 12) 

Modern young woman. 

The sample group consisted of 120 people — 11th-grade secondary school students aged 17 (60 boys 

and 60 girls). The experimental research was conducted in the Municipal Budgetary General Education 

Institution Secondary School No. 34 and Municipal General Education Institution Lyceum No. 17 in 

Stavropol, Russia. 

In the course of psychodiagnostic study, the respondents in both groups (boys and girls) were asked to 

assess the probable degree of manifestation of personal traits presented in the table for each role 

position against a 7-point scale according to their opinion. 

In order to process the results of the experimental research a qualitative and quantitative data 

processing method was used, namely factor analysis. Factor analysis of the results received as a result 

of the psychodiagnostic study allowed us to identify factor structures and factor weights. Interpretation 

of the resulting factors involved analysis of general contents of the scales and analysis of locations of 

role positions in the semantic space. 

 

3 Results 

The results of the factor analysis of the sample group of male respondents are below. In the course of 

data processing, four factors were identified, including two significant factors accounting for 26.06% 

and 5.55% of the total variance correspondingly. 

Analysis of the scale contents making up the first factor (26.06%) allowed the researchers to define it 

as “strength vs. weakness” factor. The “strength” pole is associated with the following role positions: 

male leader 2.84; informal leader (chief) 1.0; leader-creator 0.96; me in 10 years 0.67; me 0.15; 

modern young man 0.1; having the following features: strong 0.86, courageous 0.86, modern 0.85, 



Annals of Tropical Medicine & Public Health-Special Issue Mar 2018 Vol 9 
 

S606-68 

 

able to predict the future 0.84, successful 0.84, free 0.82, able to influence others 0.82, intelligent 

0.81, charismatic 0.80, decisive 0.80, risk-prone 0.80, responsible 0.79, adhering to principles 0.77, 

stable 0.78, reliable 0.76, incredulous 0.75. 

The opposing pole of the semantic space — the “weakness” pole — is associated with the following 

role positions: formal leader (manager) -1.20; female leader -0.82; typical member of the society -

0.67; modern young woman -0,58; leader-destroyer -0.33; ideal person -0.33; having the following 

features: unsuccessful -0.91, weak -0.90, anxious -0.88, indecisive -0.87, outdated -0.87, 

conservative -0.86, responsible -0.81, unable to influence other people 0.81, stupid -0.79, credulous -

0.79, inflexible -0.79, unwilling to take risks -0.77, unable to predict the future -0.76, dangerous -0.70. 

Therefore, in terms of the “strength vs. weakness” factor respondents from the male sample group 

consider themselves to be strong, courageous, modern, able to predict the future, free, successful, 

able to influence others, close both to an informal leader (chief) and leader-creator at present and in 

the future (me in 10 years). 

As far as this factor is concerned, adolescent boys oppose themselves to the images of formal leader, 

female leader, and modern young woman, which are characterized as unsuccessful, weak, anxious, 

indecisive, outdated, conservative, unable to influence others or predict the future. 

The images of informal leader and leader-creator are represented in the everyday consciousness of 

adolescent boys as strong, courageous, modern, able to predict the future, free, successful, able to 

influence others, and are opposed to the image of formal leader and leader-destroyer, which are 

characterized as unsuccessful, weak, anxious, indecisive, outdated, conservative, unable to influence 

others or predict the future. 

The image of a typical member of the society (-0.67) is also located on the “weakness” pole as well as 

the image of an ideal person (-0.33). 

The images of a modern young man and a modern young woman are not differentiated in the 

everyday consciousness of the respondents as far as this factor is concerned, i.e. no significant 

differences between these images have been identified. 

Judging by these findings, it can be assumed that in terms of the “strength vs. weakness” factor the 

respondents consider themselves informal leaders and leaders-creators; they associate the image of 

a leader with a man rather than a woman; it is an informal leader able to create something new. 
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We defined the second factor (15.55%) as “conventionality vs. innovativeness” judging by the set of 

constituent scales. The “conventionality” pole is associated with the following role positions: female 

leader 1.06; formal leader (manager) 0.90; ideal person 0.73; leader-creator 0.71; typical member of 

the society 0.68; modern young woman 0.50, leader-destroyer 0.11, having the following features: 

conservative 0.82, outdated 0.78, rigid 0.86, socially adjusted 0.74, unwilling to take risks 0.73, 

indecisive 0.72, anxious 0.71, high self-control 0.70. 

The opposing “innovativeness” is associated with the following roles: informal leader (chief) -1.86; me 

in 10 years -1.3; me -0.95; male leader -0.94; modern young man - 0.42, having the following 

features: risk-prone -0.85, innovator -0.84, modern -0.80, able to predict the future -0.79, free -0.75, 

flexible -0.67, outgoing -0.66, impulsive -0.61. 

From the perspective of the factor “conventionality vs. innovativeness”, the male respondents from the 

sample group think that the image of a formal leader (manager) is close to a female image 

characterized as conservative, outdated, rigid, socially adjusted, unwilling to take risks, indecisive, 

anxious, and prone to self-control.   

As for their self-perception, the respondents consider themselves to be close to the image of an 

informal leader (chief) represented in their everyday consciousness as an innovator, risk-prone, 

modern, free, flexible, able to predict the future, and outgoing. The image of a modern young man (-

0.42) is also located on the “innovativeness” pole and is opposed to the image of a modern young 

woman (0.50) located on the “conventionality” pole. 

The images of a leader-creator and leader-destroyer are not differentiated within this factor, but they 

are both located on the “conventionality” pole. 

The results of the factor analysis of the sample group of female respondents are below. In the course 

of factoring five factors were identified, including two significant factors accounting for 19.05% and 

13.74% of the total variance correspondingly. 

We defined the first factor (19.05%) as “interpersonal sensitivity and ability to influence others”. The 

positive pole of the semantic space is associated with the following role positions: leader-creator 1.46, 

female leader 1.38, male leader 0.95, informal leader (chief) 0.64, ideal person 0.57 and the following 

characteristics: able to influence others 0.92, outgoing 0.85, generous 0.85, responsive 0.84, 

intelligent 0.84, safe 0.83, stable 0.81, ethical 0.79, able to predict the future 0.76, responsible 0.70, 

socially adjusted 0.70. 
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The opposing pole is associated with the following role positions: formal leader (manager) -1.40, 

typical member of the society -1.1, modern young man – 1.03, leader-destroyer -0.78, me -0.68, me in 

10 years - 0.43, modern young woman -0,31 and the following characteristics: irresponsive -0.85, 

indifferent -0.83, mean -0.80, uncommunicative -0.80, unable to influence others -0.76, unable to 

predict the future -0.75, rigid -0.74, unsuccessful -0.73, unreliable -0.69. 

In the everyday consciousness of adolescent girls, the image of a leader-creator is close to the 

images of female and male leaders, as well as informal leaders, which are characterized as able to 

influence others, outgoing, generous, responsive, intelligent, safe, stable, ethical, able to predict the 

future and are opposed to the images of a formal leader and leader-destroyer, which are 

characterized as irresponsive, indifferent, mean, uncommunicative, unable to influence others, unable 

to predict the future, rigid, and unsuccessful -0.73. 

The respondents from the female sample group consider themselves not sensitive enough in their 

interpersonal relationships and insufficiently able to influence others since these images are located 

on the negative pole next to the images of a formal leader and leader-destroyer. 

From the perspective of the factor “interpersonal sensitivity and ability to influence others” the image 

of a modern young man, as well as the image of a typical member of the society, are represented in 

the everyday consciousness of adolescent girls as irresponsive, indifferent, mean, uncommunicative, 

unable to influence others, unable to predict the future, rigid, and unsuccessful. 

The second identified factor (13.74%) is “social maturity vs. social immaturity”. The “social maturity” 

pole is associated with the following roles: female leader 2.5, leader-creator 1.1, ideal person 1.1, me 

in 10 years 0.89, me 0.79, modern young woman 0.75, formal leader (manager) 0.73, typical member 

of the society 0.69 and the following characteristics: socially adjusted 0.85, high self-control 0.79, 

organized 0.79, reliable 0.74, successful 0.74, responsible 0.72, stable 0.71, able to predict the future 

0.71, ethical 0.70, adhering to principles 0.63, intelligent 0.63, nonaggressive 0.62. 

The opposing “social immaturity” pole is associated with the following role positions: leader-destroyer 

-0.94, modern young man -0.87, informal leader -0.64, male leader - 0.38 and the following 

characteristics: impulsive -0.90, unstable -0.89, aggressive -0.85, irresponsible -0.83, risk-prone -

0.81, unable to predict the future -0.80, socially maladjusted -0.79, unreliable -0.79, dangerous -0.76. 

In terms of the second factor — “social maturity vs. social immaturity” — the images of a female 

leader and leader-creator, which are characterized in the everyday consciousness of adolescent girls 
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as socially adjusted, with high self-control, organized, reliable, successful, responsible, stable, able to 

predict the future, and are opposed to the images of a leader-destroyer and male leader, which are 

characterized as impulsive, unstable, aggressive, irresponsible, risk-prone, unable to predict the 

future, and socially maladjusted. 

As for their self-perception, the respondents identify themselves with the images of a female leader, 

leader-creator, young woman, and formal leader. In the everyday consciousness of adolescent girls, 

the image of a modern young man is close to the images of a leader-destroyer and informal leader. 

 

4 Discussion 

In the course of the experimental research, the initial hypothesis was proved consisting in the 

assumption that a leader’s image and ideas of leadership in the everyday consciousness of 

adolescent boys and girls have their own specific characteristics depending on the gender of 

respondents, i.e. the categorial structure of consciousness in adolescent boys and girls reflected in 

semantic space is accompanied by a set of personal subjective meanings and constructs, which 

modify the perception of a leader’s image. 

It has been found out that adolescent girls evaluate a leader’s image through the constructs of 

“interpersonal sensitivity and ability to influence others”, “social maturity vs. social immaturity”, while 

adolescent boys are guided by different constructs: “strength vs. weakness”, “conventionality vs. 

innovativeness”. 

The ideas of male and female leaders and the specific features of identification with different types of 

leaders have both differences and similarities in the everyday consciousness of adolescent boys and 

girls. 

The researchers have identified two significant factors in each of the sample groups (male and 

female). These findings reflect an intermediate degree of differentiation of the categorical structure in 

the everyday consciousness of a person when in terms of perception and evaluation of a leader ’s 

image. 

Content analysis of the identified significant factors suggests some kind of inconsistency in the 

categorial structure of a person’s everyday consciousness in the female group, namely how 

adolescent girls perceive and evaluate a leader’s image. At the same time, the image of a leader as 

viewed by adolescent boys is more consistent and integral. 



Annals of Tropical Medicine & Public Health-Special Issue Mar 2018 Vol 9 
 

S606-108 

 

In the everyday consciousness of boys, the image of a leader is associated with male images (a male 

leader, a modern young man, me, me in 10 years), which are characterized as courageous and 

innovative, and are opposed to female images (a female leader, a modern young woman), which are 

characterized as weak and inclined to be conservative. 

In the everyday consciousness of girls, the image of a leader and their own image have different 

characteristics: the images of female and male leaders are evaluated as able to influence others, 

sensitive and outgoing, while the images of a modern young woman and young man are 

characterized as unable to influence others and insufficiently sensitive in interpersonal relationships. 

In terms of social maturity, the image of a female leader and their own image (me, me in 10 years, a 

modern young woman) are characterized in the everyday consciousness of adolescent girls as 

socially adjusted, with high self-control, organized, and are opposed to male images (a male leader, a 

modern young man), which are characterized as socially maladjusted, impulsive, unstable, 

aggressive, and irresponsible. 

These experimental findings are of practical value, which lies in the identification of specific features 

of the categorial structure in the everyday consciousness of adolescent girls and boys affecting their 

conscious and unconscious perception and evaluation of a leader’s image. 

The image of a leader and ideas of leadership existing in the everyday consciousness of adolescent 

boys and girls are an integral part of their worldview, which is the foundation of their behavior. 

The results of this research can be used for probabilistic forecasting in order to predict the behavior of 

adolescent boys and girls in respect of formal leaders (managers) and informal leaders, male and 

female leaders; besides, these findings can help to forecast the degree of their self-identification with 

leaders at present and in the future. 

 

5 Conclusions 

The analysis has shown that the respondents from the female sampling group tend to evaluate a 

leader’s image in terms of two main factors: “interpersonal sensitivity and ability to influence others” 

and “social maturity vs. social immaturity”, while the respondents from the male sampling group tend 

to be guided by other factors: “strength vs. weakness” and “conventionality vs. innovativeness”. 

Special features of a leader’s image in the everyday consciousness depending on the gender of 

respondents have been identified: 
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- in their perception of a leader’s image adolescent boys most pay attention to the social 

aspects of personality, interpersonal sensitivity and ability to influence others; they characterize both 

male and female leaders as able to influence others, outgoing, generous, responsive, ethical, close to 

leaders-creators and informal leaders; 

- in terms of “social maturity vs. social immaturity” adolescent girls differentiate between the 

images of male and female leaders: the image of a female leader is perceived as socially mature, 

creative, close to the ideal, socially adjusted, close to a formal leader, whereas the image of a male 

leader is represented as leader-destroyer, informal leader, impulsive, aggressive, risk-prone, socially 

maladjusted, and dangerous; 

- adolescent boys characterize the image of a male leader as strong, courageous, risk-prone, 

looking for new solutions, innovative, while they perceive the image of a female leader as weak, 

indecisive, unsuccessful, and conservative. 

- girls’ self-perception is characterized as outgoing, able to influence others, socially mature; 

boys consider themselves to be strong, courageous, open-minded, and innovative. 

- the image of a modern young man is associated with the images of a leader-destroyer and 

informal leader in the everyday consciousness of girls, while boys associate it with the images of a 

leader-creator and informal leader. 

Overall, psychosemantic analysis of a leader’s image in the everyday consciousness of adolescent 

boys and girls has allowed us to identify the special features of the way the respondents identify with 

the suggested role positions and determine basic constructs existing in the everyday consciousness 

of research participants, which affect their perception and evaluation of a leader’s image. 
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Abstract: The study was aimed at investigating the features of gnostic functions in the elderly people 

suffering from dementia. To implement the objectives of the study and to solve the set tasks, the 

following methods were used: visual gnosis tests (recognition of images, the selection of three subject 

pictures, selecting parts of a whole, etc.), the acoustic gnosis tests (score and perception of rhythms, 

recognition of nonspeech sounds), and tactile gnosis tests (tactile identification, Teuber test, Foerster 

test). When running the visual gnosis tests, the elderly people with the dementia diseases slowly 

initiated the tasks, made numerous errors, and sometimes could not cope with the tasks at all. Also, 

the perception integrity disorders, the presence of fragmentation, lack of accuracy, differentiation, 

preservation of specific objective images-objects, and the violation in the understanding of the spatial 

arrangement of things were revealed. When performing the auditory-motor coordination tests, the 

elderly people suffering from dementia needed more time to listen to, they asked for the repeated 

sound representation, and there were often errors in the rhythmic structure reproduction. When 

performing the tactile gnosis tests, the elderly people suffering from dementia had difficulties in 

identifying the subject by touch, in understanding the right and left-sided spatial relationships, and 

also made errors in recognizing one of the touches when the experimenter touched their hands. 

Based on the study results, the recommendations have been developed for the preservation and 

improvement of the existing gnostic functions’ disorders in the elderly people suffering from dementia. 

The recommendations are complex, and they can also be useful for the medical staff whose 

professional activity is directly related to the elderly people suffering from dementia, their relatives and 

the persons closest to them. 

 

Keywords: gnostic functions, dementia diseases, the elderly people, neuropsychological diagnostics. 
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1 Introduction 

According to experts of the World Health Organization (WHO), about 19% of the total population in 

Russia are the elderly people, and by 2050 their number will reach one third. There are 26.5 million of 

those over 60
[1]

. 

Due to the increase in the number of the elderly people, the number of those suffering from dementia 

in need of psychiatric care is also increasing. According to the WHO, currently, more than 47 million 

inhabitants of the Earth suffer from dementia, and the number of patients increases by 10 million 

every year, and by 2050 their number will triple. At the same time, there is no exact information about 

the number of persons suffering from dementia in Russia. According to the official data, their number 

is about 1.3 – 1.8 million people, but experts consider such statistics to be understated
 [2]

. It is worth 

mentioning that in Russia dementia is practically not diagnosed at the initial stages, and the 

behavioral problems are attributed to the character traits. 

It is well known that in the brain of people with dementia the irreversible atrophic process takes place, 

which directly affects the mental processes and functions
[3], [4]

. One of such most vulnerable functions 

is that of perception, and the gnostic functions’ disorders result in deteriorating the quality of life for 

the elderly people with dementia
[5], [6], [7]

. 

Currently, such domestic scientists as S.I. Gavrilova, N.K. Korsakova, and I.F. Roshchina et al. are 

engaged in the study of impaired mental functions in various types of dementia
 [8], [9], [10]

. At the same 

time, a number of authors proved a significant increase in dementia incidence in the elderly 

population, associated with high frequency of hospitalizations, costs of public health facilities, a huge 

burden on the patient’s relatives, and medical personnel. With the growing prevalence of dementia 

diseases among elderly and senile age people, as well as the involvement of a large number of 

working age people in the medical, psychological, economic problems associated with the dementia 

disease, it becomes clear that the study of mental processes and functions disturbed as a result of 

dementia, as well as the development of corrective actions are very topical and important, both in 

theoretical and in practical terms
 [11], [12], [13], [14]

. 

 

2 Materials and Methods 

To study the features of gnostic functions in the elderly people suffering from dementia, we used the 

following methods: analysis of scientific literature in various fields of knowledge (neuropsychology, 
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gerontopsychology and geriatrics, psychiatry), neuropsychological diagnostics, including: visual 

gnosis tests (recognition of images, the selection of three subject pictures, selecting parts of a 

whole)
[15]

, the acoustic gnosis tests (evaluation and perception of rhythms, recognition of nonspeech 

sounds)
[6]

, and the tactile gnosis tests (tactile identification, Teuber test, Foerster test)
[16]

. The 

obtained results were processed by the authors using quantification of various disorders of the higher 

mental functions proposed by Zh.M. Glozman
[16]

. Thus, for the performance of the proposed tasks, 

the subjects could get from zero to three points, where zero points were attributed for the exact 

execution of the task, and three – in case of inability to perform more than half of the test tasks. The 

parametric statistical Student's t-test for independent samples was used for mathematical 

calculations.  

The empirical study was organized and conducted on the basis of the Moscow State Budgetary 

Healthcare Institution Psychiatric Clinical Hospital No. 4 named after P.B. Gannushkin of the Moscow 

Department of Health. The subjects of the experimental group included 30 people who were 

hospitalized: 19 of them were the patients with vascular dementia (F01), and 11 – those with 

Alzheimer's disease (F00). The average age of the subjects was 68.2 years. The control group 

consisted of 30 people without obvious mental pathologies. The average age of the subjects was 65.4 

years. 

 

3 Results and Discussion 

Study of visual gnosis 

Visual gnosis tests 

Three tests were carried out to study the subject gnosis, namely recognition of realistic images; 

recognition of contour, superimposed and conflict images; and selection of three subject pictures. 

According to the results obtained for this test, in the elderly people from the two experimental groups, 

there were significant differences in the performance of tasks, which was also confirmed by statistical 

significance obtained using the Student's t-test. The subjects from the experimental group made more 

errors when performing all three tests. The greatest number of errors was made during the test for 

recognition of contour, superimposed and conflicting images (t = 6.8 with p ≤ 0.01). The number of 

errors in such tests as recognition of realistic images (t = 6.2 with p ≤ 0.01) and the selection of three 

subject pictures (t = 4.3 with p ≤ 0.01) in the elderly people from the experimental group was the 
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same (1.1). It is worth noting that the elderly people without obvious mental pathologies made the 

lowest number of errors, and they accurately passed the test for recognition of realistic images. 

Thus, based on the results of the subject gnosis tests, it can be concluded that the elderly people with 

dementia are characterized by errors in the perception of realistic images; pronounced defects in the 

recognition of noisy, superimposed and conflicting images, as well as multiple errors by the type of 

fragmentary perception. 

Simultaneous gnosis tests 

To study simultaneous gnosis, two tests were carried out, namely the selection of parts of the whole 

and finishing drawing to the whole. Large differences are observed in the results obtained for the two 

groups, namely, the experimental group values are very different from the obtained control group 

values (1.5 and 0.3, respectively), which is also confirmed by statistical significance (t = 5.5 with p ≤ 

0.01). Such results may indicate the disorder in the perception differentiation, the process of 

comparison and the formation of a holistic image – perception of the subject by the elderly people 

suffering from dementia.  

When performing the task, the elderly people suffering from dementia also often resorted to a 

psychologist, could not find the details on their own, made errors when finishing drawing the objects, 

thereby obtaining high scores and indicating the impossibility of performing the task independently 

and multiple errors. 

Thus, based on the results of the simultaneous gnosis tests, it can be concluded that the elderly 

people with dementia are characterized by errors in isolating the essential features of objects; errors 

of the comparison process; and violations of the perception of the holistic image of the subject.  

Optical-and-spacial gnosis tests 

Three tests were performed to study optical-and-spacial gnosis, namely recognition of time on 

schematic clocks; setting hands on the clock on the model, and setting the predetermined time. The 

results obtained in three tests suggest that when performing tasks, both the elderly people from the 

experimental group and those from the control group made errors. First of all, these errors indicate 

the quasi-3D disorders, as well as spatial perception disorders. 

Thus, when performing a test for time recognition on schematic hours, the elderly people suffering 

from dementia gave a lot of approximate answers or found it difficult to answer at all (t = 6.2 with p ≤ 

0.01). When performing the "setting hands of the clock on the model" test, the painted hands on the 
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clock were set as per the model itself (t = 6.2 with p ≤ 0.01). It should be noted that in the elderly 

people without obvious mental pathologies, the response period increased in all tests.  

Thus, according to the results of optical-and-spacial gnosis tests, it can be concluded that the elderly 

people with dementia are characterized by a lot of approximate answers; and quasi-3D disorders. 

Digital gnosis test 

A test for recognition and naming of digits was carried out in order to study digital gnosis. The results 

of this test suggest that the elderly people with dementia made more errors when performing the task 

(0.8) than those without obvious mental pathologies (0.27), which was also confirmed by statistical 

significance (t = 3.3 at p ≤ 0.01).  

Thus, based on the results of this test, it is safe to say that the digital gnosis in the elderly people 

suffering from dementia differs from the age norm, leading to errors in the assessment of spatially 

oriented digits, as well as multiple errors with incomplete correction.  

Letter gnosis test 

A test for recognition and naming of letters was carried out to study letter gnosis. This test indicates 

that the elderly people with dementia made more errors when performing the task (0.93) than the 

elderly people of the age norm (0.47), which was also confirmed by statistical significance (t = 2.9 at p 

≤ 0.01). It should be noted that several subjects from the experimental group could not cope with the 

task of naming the spatially-oriented letters presented without drawing the experimenter's attention.  

Thus, the results of the letter gnosis tests indicate that the elderly people suffering from dementia are 

characterized by an increased response period, errors in the assessment of spatially-oriented letters, 

as well as multiple errors without correction. 

Color gnosis test 

A color-subject verbal association test was conducted to study color gnosis. The results obtained for 

this test indicate the errors of the subjects of the two experimental groups (0.6 and 0.23, respectively). 

The performance of this task by the elderly people suffering from dementia is characterized by the 

fact that they most often made one mistake in naming the color of a rarely occurring concept, while 

the elderly people of the age norm named the colors of both concepts – the often and rarely 

encountered ones. However, it should be noted that some of the elderly people of the age norm 

sometimes needed more time to name the color of a rarely encountered concept. 
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Thus, the results of this test do not allow concluding about any significant differences in the color 

gnosis between the two experimental groups. In this case, it can only be assumed that the verbal 

association between the color and the object can be violated both due to the natural aging of the body 

and due to dementia diseases. 

Facial gnosis test 

A test for the identification of portraits of famous people was performed to study facial gnosis. It is 

worth mentioning that when performing this test, the elderly people of the two experimental groups 

almost did not make errors; however, in the elderly people with dementia diseases, the response 

period was often increased (0.77 and 0.3, respectively). After analyzing the results obtained for this 

test using mathematical statistics, no statistically significant differences were obtained. Thus, it can be 

concluded that no significant differences were observed in the facial gnosis of the elderly people, both 

with dementia diseases and without obvious mental pathologies. 

 

Study of acoustic gnosis 

Nonverbal hearing tests 

Four tests were carried out to study nonverbal hearing, namely paper rustling; clinking spoon on the 

glass; sounds from audio media; and the melody of a familiar song without words. The results 

obtained for these tests indicate the differences in the two experimental groups, namely the values in 

the group of the elderly people suffering from dementia were greater in all four tests for nonspeech 

hearing than in the elderly people from the group without obvious mental pathologies. This suggests 

that the subjects from the experimental group made more errors when performing tasks. At the same 

time, the most difficult tests for them were "Paper rustling" (0.87) and "Sounds from Audio Media" 

(0.72), which was also confirmed by the statistically significant differences obtained (t = 3.6 with p ≤ 

0.01 and t = 3.2 with p ≤ 0.01, respectively). 

The smallest number of errors was made when recognizing the sound of a spoon, beating on a glass, 

and a familiar melody without words (0.53 and 0.5, respectively). At the same time, the indicators for 

the elderly people from the control group were almost equal in all the tests; however, it should be 

noted that the most difficult for them were the same tests as for the elderly people from the 

experimental group ("Paper rustling" (0.25) and "Sounds from Audio Media" (0.3)). These results may 
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indicate that due to natural aging, the auditory attention is deteriorating due to natural aging, resulting 

in the deterioration of various noises and sounds perception. 

Also, when performing these tests, the authors noticed the specifics of the tasks performed by the 

elderly people suffering from dementia, namely, they needed more time to listen to, they asked for the 

repeated sound representation, and there was absent-mindedness of auditory attention. 

Thus, the results of the nonverbal hearing diagnostic test allow concluding that the elderly people with 

dementia are characterized by the deterioration of auditory attention; deterioration in the perception of 

various household noises and sounds; weak differentiation of nonspeech noises; and increase in the 

response period.  

Auditory-motor coordination tests 

Three tests were carried out to study the auditory-motor coordination, namely rhythm assessment; 

patterned execution; by verbal instructions. The obtained results indicate large differences in the two 

experimental groups in all auditory-motor coordination tests. For example, when performing the tasks, 

the elderly people from the experimental group had difficulties in understanding the instructions, and 

in the rhythm assessment test they had extra hits (1.47 and 0.58, respectively), which was confirmed 

by statistical significance (t = 5.2 with p ≤ 0.01). In the patterned execution test, the subjects of this 

group showed insufficiency, slowness and perseveration of hits (1.7 and 0.47, respectively), which 

was also confirmed by statistical significance (t = 7.2 with p ≤ 0.01). Finally, in the "By verbal 

instructions" tests, the elderly people with dementia quickly forgot the rhythmic structure just 

presented to them and made numerous requests to repeat the rhythmic series pattern (1.5 and 0.53, 

respectively). These errors may indicate the auditory arrhythmias. It is worth noting that the number of 

errors made in the group of the elderly people with dementia has statistically significant differences 

with the group of the elderly people without obvious mental pathologies (t = 6.1 with p ≤ 0.01).  

Thus, the results of this diagnostic test allow to conclude that the elderly people with dementia are 

characterized by rhythm perception disorders; reproduction errors: extra hits, lack of hits, slowness, 

perseveration; fast forgetting of the rhythmic structure just presented; and numerous requests to 

repeat the rhythmic series pattern. 

 

Study of tactile gnosis 

Skin-kinesthetic gnosis test 
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A tactile identification test was conducted to study skin-kinesthetic gnosis. The results obtained in this 

test suggest that the elderly people with dementia made more errors during the performance of the 

task (1) than those without obvious mental pathologies (0.53). This is confirmed by statistical 

significance (t = 2.8 with p ≤ 0.01).  

It is worth paying attention to the implementation of this task by subjects from the experimental group. 

For example, the elderly people from this group had difficulties in identifying an object while feeling it, 

they needed more time, and they named significant features and properties of objects, but could not 

understand what kind of object it was. It should also be noted that the subjects from the control group 

quickly and with interest initiated the task and performed it with ease, although sometimes they also 

needed additional time when feeling the objects. 

Thus, according to the results of the skin-kinesthetic gnosis test, it can be concluded that the elderly 

people with dementia are characterized by difficulties in recognizing objects by skin-kinesthetic 

sensation; a fault in the analysis of the actively examined subject; and an increased response time. 

Somato-spatial gnosis tests 

Two tests were performed to study somato-spatial gnosis, namely showing the subjects indicated by 

the psychologist with right (and left) hand; naming the fingers of one's own hand, the hand of a 

psychologist, and a hand drawn. The results of this test indicate that the elderly people with dementia 

made more errors when performing two tests (0.8 and 0.83, respectively) than those without obvious 

mental pathologies (0.53 in each test). Also, when performing this task, sometimes there were 

difficulties in understanding the right and left-sided spatial relationships in the group of the elderly 

people with dementia, which may indicate the spacial orientation disorders, as well as a disorder in 

determining various parameters of space. However, despite this, there were no statistically significant 

differences in the two groups, and therefore it can be concluded that difficulties in understanding right 

and left-sided spatial relationships can arise both from natural aging and due to dementia. 

Somatosensory gnosis tests 

Two tests were performed to study somatosensory gnosis, namely Teuber test and Foerster test.  

When performing these tests, the elderly people with dementia made many mistakes. Thus, in the 

Foerster test, in which the simple shapes, letters or numbers are drawn on the subject hand, and 

his/her task is to identify and name them, the elderly people with dementia made more errors in the 

answers than those in the control group (1.13 and 63, respectively), which was confirmed by 
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statistical significance (t = 3.6 with p ≤ 0.01). Approximately the same situation was observed in the 

Teuber's test, in which the test subject's hand was touched first, then the other and both hands, and 

after each touch, the subject must answer which particular hand the experimenter touched. In this 

test, the elderly people with dementia made more errors when localizing the touch than subjects from 

the control group (1.07 and 0.67, respectively). The elderly people from the experimental group often 

made requests for a repeated presentation of stimuli, they made errors when recognizing one of the 

touches when the experimenter touched their hands, and sometimes they needed more time to 

recognize them. Such errors indicate a somatosensory sensitivity disorder and ignoring of tactile 

sensations. It should be noted that the elderly without obvious mental disorders coped with the task 

almost unmistakably, sometimes only resorting to the use of extra time. Finally, after analyzing the 

test data obtained by mathematical statistics – the Student's t-test – the conclusion was made that the 

experimental groups had statistically significant differences (t = 2.7 with p ≤ 0.01).  

Thus, it can be concluded that the elderly people with dementia are characterized by errors in 

recognizing one of the touches; errors in localizing the touch, as well as an increase in the response 

period. 

Somatognosis tests 

A body scheme was made to study somatognosis. When conducting this test, the elderly people with 

dementia diseases also made more errors when performing tasks (1.03) than those without obvious 

mental pathologies (0.53, respectively). Thus, for example, in carrying out a task, the elderly people 

suffering from dementia sometimes had difficulty in displaying body parts at the request of a 

psychologist, taking into account lateral characteristics. This may indicate a violation of the body 

scheme preservation, an impaired understanding of the right and left in spatial relationships. When 

performing these tasks, sometimes only the response period was increased in the elderly people 

without obvious mental pathologies. Differences in the performance of tasks of the somatognosis test 

in the groups of subjects were also confirmed by statistical significance (t = 3.3 with p ≤ 0.01).  

Thus, based on the results of this diagnostic test, it can be concluded that the elderly people with 

dementia are characterized by difficulties in showing body parts taking into account lateral 

characteristics, as well as an impaired understanding of the right and left in spatial relationships. 
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4 Conclusion 

The results of the study have shown that the elderly people suffering from dementia have serious 

gnostic function disorders, which is most clearly seen when compared with the elderly people without 

mental pathologies. For example, the elderly people suffering from dementia have difficulties in 

recognizing objects, in orientation in place and in time, are characterized by slow mental activity, as 

well as poor auditory attention. As compared with the elderly people of the age norm, people with 

dementia made more errors during the test, which also indicated a different degree of the gnostic 

sphere preservation.  

Based on the study results, the recommendations have been developed for the preservation and 

improvement of the existing gnostic functions’ disorders in the elderly people suffering from dementia. 

The recommendations are comprehensive and are aimed both at correcting gnostic functions that 

prevent the comfortable flow of sentility, and include measures aimed at preventing disorders of 

gnostic functions development in the elderly people. Preventive and remedial work includes a 

diagnostic phase, the purpose of which is to identify abnormalities in the functioning of gnostic 

functions in the elderly people. The preventive process presupposes the existence of a preventive 

program, the content of which includes three components, namely the educational, social and 

cognitive ones. In this case, the content of the educational component is to inform about the 

consequences that may further affect the person's life. The social component contains help in 

adapting to the living conditions of the world, orientation in space, and mastering new skills. Cognitive 

training is aimed at maintaining the cognitive skills of the elderly people to maximize the period of 

social adaptive functioning. In addition, recommendations have been separately developed for health 

workers, whose professional activities are directly related to the elderly people with dementia, as well 

as for relatives and the persons closest to them. 

 

References 

[1] Sakharova TN. (ED.). Gerontopsychology: a textbook with a workshop. Moscow: MPGU; 2016. 

[2] Sokolova VF, Beretskaya EA. Teoriya i praktika reabilitatsii grazhdan pozhilogo vozrasta [Theory and 

practice of rehabilitation of elderly citizens]. Moscow: Flint; 2017. 

[3] Kozyakov Rv, Zavarzina OO, Savchenko DV. Osnovnyye deontologicheskiye printsipy obshcheniya s 

lyudmi starcheskogo vozrasta, stradayushchimi dementiruyushchimi zabolevaniyami [Basic 

http://elibrary.ru/item.asp?id=23748541
http://elibrary.ru/item.asp?id=23748541


Annals of Tropical Medicine & Public Health-Special Issue Mar 2018 Vol 9 
 

S607-18 

deontological principles of communication with elderly people suffering from dementia diseases]. In: 

Skripkina TP. (Ed.). Psychology of communication and trust: methodology, theory, practice. Collection of 

materials of the International Conference. 2014, pp. 758-760. 

[4] Polyakov YF, Korsakova NK, Scherbakova NP. Neyropsikhologicheskiy podkhod v kompleksnom 

izuchenii dementsii pozdnego vozrasta [Neuropsychological approach in the complex study of dementia 

of late age]. Journal of Neuropathology and Psychiatry named after S.S. Korsakov 1985; 9:1349-1357. 

[5] Balashova EY. Rol prostranstvennykh rasstroystv v formirovanii narusheniy psikhicheskoy deyatelnosti 

pri dementsiyakh pozdnego vozraste [The role of spatial disorders in the formation of mental disorders 

in dementia of late age]. In: The First International Conference in the Memory of A.R. Luria, September 

24-26, 1997: Theses of reports. Moscow: RPO; 1997. 

[6] Tsvetkova LS. Neyropsikhologicheskaya reabilitatsiya bolnykh. Rech i intellektualnaya deyatelnost 

[Neuropsychological rehabilitation of patients. Speech and intellectual activity]. Voronezh: NPO MODEK 

Publishing House; 2004. 

[7] Tsvetkova NA, Fomina SN, Petrova EA, Shcheglova AS. Personality traits of women of mature age with 

high and low levels of need in self-development Actualization. Man in India 2016; 96(7):2025-2051. 

[8] Gavrilova SI, Bratsul AL. Bolezn Altsgeymera: epidemiologiya i faktory riska [Alzheimer's Disease: 

Epidemiology and Risk Factors]. RAMS Bulletin 1999; 1:39-46. 

[9] Korsakova NK. Neyropsikhologiya pozdnego vozrasta: obosnovaniye kontseptsii i prikladnyye aspekty 

[Late Age Neuropsychology: Concept Justification and Applied Aspects]. Bulletin of the Moscow Un-ty. 

Ser. 14. Psychology 1996; 2:32-37. 

[10] Roshkhina IF. Neyropsikhologicheskiy podkhod k issledovaniyu dementsiy pozdnego vozrasta 

[Neuropsychological approach to the study of dementia of the late age]. Psychiatry 2013; 3(59):24-29. 

[11] Abdurakhmanova ZR. Gerontologiya: praktikum [Gerontology: practical work]. Yoshkar-Ola: Volga State 

University of Technology; 2016. 

[12] Kislyakov PA, Shmeleva EA, Kovaleva MA, Savchenko DV, Belyakova NV, Denisenko SI, Pchelinova 

VV. Health and safety in the structure of value orientations and needs of the student youth. Journal of 

Pharmaceutical Sciences and Research 2018; 10(8):1976-1979. 

[13] Strelkov VI, Zavarzina OO, Shmeleva SV, Kartashev VP, Savchenko DV. Psychological barriers in 

college teacher's career "helping professions". Research Journal of Pharmaceutical, Biological and 

Chemical Sciences 2016; 7(1):1938-1945. 

[14] Kislyakov PA. Risk factors related to antisocial behavior in teenagers with intellectual disabilities. 

Psychology in Russia: State of the Art 2017; 10(2):215-227. 

http://elibrary.ru/item.asp?id=23748541
https://elibrary.ru/item.asp?id=35433248
https://elibrary.ru/contents.asp?id=35433247
https://elibrary.ru/contents.asp?id=35433247
https://elibrary.ru/contents.asp?id=35433247&selid=35433248
https://elibrary.ru/item.asp?id=25047906
https://elibrary.ru/item.asp?id=25047906
https://elibrary.ru/contents.asp?id=34191407
https://elibrary.ru/contents.asp?id=34191407


Annals of Tropical Medicine & Public Health-Special Issue Mar 2018 Vol 9 
 

S607-18 

[15] Levin OS. Algoritmy diagnostiki i lecheniya dementsii [Algorithms for the diagnosis and treatment of 

dementia]. Moscow: MEDpress-inform; 2017. 

[16] Glozman ZM. Neyropsikhologicheskoye obsledovaniye: kachestvennaya i kolichestvennaya otsenka 

dannykh [Neuropsychological examination: qualitative and quantitative assessment of data]. Moscow: 

Smysl; 2012. 



1 

 

VIRTUAL PROFESSIONAL PRACTICE FOR TEACHERS OF THE 

DEAF “DIAGNOSIS OF DEVELOPMENT OPTIONS OF YOUNG 

CHILDREN WITH IMPAIRED HEARING” 

T. V. Nikolaeva1  

 

1. Institute of Special Education of the Russian Academy of Education, 

Pogodinskaya Street, 8/1, Moscow, Russia, 119121 

Abstract. The article focuses on the problem of development and application of information 

technologies in teaching students of teachers’ of the deaf department. The purpose of the study is to 

develop and justify an approach to design and use of virtual practice for students aimed at mastering 

the process of diagnostic study of hearing-impaired children. The author has highlighted the 

professional competence of a teacher of the deaf in the field of developmental educational diagnostics 

of children in the individualized remedial education context. The author has defined the general 

principles of designing virtual practice aimed at mastering a specific diagnostic technique. The author 

has also created an experimental model of virtual practice and has tested it among university students. 

The author has proved a fundamental increase in the effectiveness of the formation of professional 

competences of students in the field of diagnosing the development of children with hearing 

impairments. It is critically important to use the virtual practice of this type. The proposed approach to 

the design of virtual practices opens the prospects of creating virtual professional practices of this 

type in other areas of training for teachers of hearing-impaired children and other pathologists of 

various profiles. 

 

Keywords: information technologies, virtual professional practice,  hearing aid students, hearing-

impaired children 
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1 Introduction 

There is much evidence that the application of information and communication technologies (ICT) in 

the system of continuous specialist education, including the education of special education experts, is 

relevant both in Russia and abroad. Modern ICT have a powerful educational potential, they offer a 

wide range of possibilities, they allow the implementation of technological tools and learning 

environments. Experts believe that the use of ICT in the educational process significantly increases 

the motivation of students to learn. It provides a more effective interaction between a teacher and 

students; it facilitates a conscious approach to professional activity and more reliable assimilation of 

knowledge and skills in the studied area
 [1], [2], [3], [4], [5], [6], [7]

. 

The problem of improving the quality of education using ICT is inseparably linked with the problem of 

forming the professional competences of teachers who train future specialists in defectology. 

Specialists note the importance of studying the attitude of educators and teachers to the use of 

electronic teaching tools, expanding their knowledge and understanding of the possibilities of 

introducing and using ICT in the educational process
[5], [6], [8], [9], [10]

. The Institute of Special Education 

of the Russian Academy of Education has developed a methodology for the use of ICT in the system 

of continuous education of special education experts of different profiles. The choice of electronic 

tools is substantially verified and includes interactive models of normal ontogenesis, electronic 

libraries demonstrating children’s cases, the interactive models of practical work of a special 

education expert with a child, virtual practices of examining and correctional work. Design engineers 

developed the products, based on principles and design common for different correctional profiles
 [1], 

[11]
. The proposed methodological approach has been successfully implemented in electronic tools for 

preparation and further training of speech therapists
[2], [12]

. The significant increase in the effectiveness 

of forming the professional competences of speech therapists emerges in cases when correctional 

workers use virtual libraries for studying children’s cases. They follow interactive models of 

professional work with a child and his/her family and analyze professional virtual practices. However, 

no research has been conducted so far in the field of the use of ICT in the system of continuous 

education of teachers for the deaf. Inadequate attention has been paid to the development and 

application of electronic tools for the formation of professional competences, the readiness to apply 

the knowledge in working with a hearing-impaired child and his/her family. 
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The purpose of the research is to develop an approach to the creation and application of virtual 

professional practices in the system of continuous education of teachers for the deaf. The research 

hypothesis implies the assumption that improving the quality of the professional competences of 

students in the field of diagnostic activities emerges from the development and application of 

professional virtual practices. 

 

2 Methods 

The basic methodology is the application of ICT to form the professional competences of an intended 

special educator. Of much importance is the presentation of electronic tools necessary to form a 

student’s preparedness to apply special education knowledge to the practice of working with a child
 [2], 

[12]
. The methods used in the research are as follows: design method, training and control experiment, 

quantitative and qualitative analysis of experimental data, questionnaire. 

 

3 Results 

The research resulted in a specific virtual practice, i.e., the methodology of instructional examination 

of young children with hearing impairment aimed at determining the options for their development. 

The general principles of virtual practice design target the mastering of a specific diagnostic technique 

by a teacher of deaf and hard of hearing children. The principles are as follows: 

 identifying and accurately describing the formed competences and skills; 

 distinguishing the general and specific professional competences of teachers working 

with deaf and hard of hearing children; 

 coordinated and simultaneous formation of general correctional and specific teachers’ 

of the deaf representational abilities and skills; 

 sequential formation of selected notions and skills during the practical work of a 

teacher of deaf and hard of hearing children in the field of educational diagnostics; 

 operational composition of each skill; 

 modeling and video shooting of episodes of professional activities of the teaching 

faculty; in the videos, one can find the application of each formed skill and component; 

 modeling and videotaping episodes of work of a supervisor, demonstrating correct 

and erroneous actions of a specialist in the process of pedagogical examination; 
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 determining the necessary and appropriate notions, which are indispensable for the 

formation of the required competence in the course of representation of children’s cases; 

 modeling and videotaping episodes of the behavior of children with hearing 

impairment in the process of pedagogical examination; 

 developing requirements for videotaping, considering the specificity of the diagnostic 

methodology and the criteria for assessing the behavior of a child; 

 developing requirements for a stimulant material reflecting different aspects of the 

examination process, i.e., the variants of children’s behavior, options for the correct and erroneous 

behavior of the faculty in the examination process, opportunities for interaction, etc.; 

 determining the productive types of educational activities involving both students and 

the faculty for mastering of each class of problems; 

 determining the kinds and types of training exercises necessary and appropriate for 

the formation of specific professional competences; 

 feedback, i.e. providing a student with data on the quality of the process and the 

results of study assignments; 

 providing variable care at any stage of a student’s work with virtual practice. 

The focal subject field of virtual practice research is the method of complex pedagogical examination 

of a young child with hearing impairment
[13]

. According to the proposed method, pedagogical 

examination of a child with hearing impairment is the initial stage of training, in the process of which a 

teaching expert determines both the overall level of a child’s development and his/her individual 

characteristics against the background of his/her growth. The set of tasks includes the study of social, 

physical, cognitive development, as well as a child’s play activity, the state of his/her hearing and 

speech. We developed the content and procedure of the examination, as well as the criteria for 

assessing the performance of children for each developmental line. The integration of diagnostic data 

according to specified principles makes it possible to identify the variants of the development of a 

child with hearing impairment that are meaningful for the individualization of training programs, i.e., 

harmonious development, underdevelopment, uneven development. 

We realized the practical activities’ analysis describing a teacher of the deaf and hard of hearing 

children using the chosen method for diagnosing the development of young children with hearing 

impairments. Consequently, we offered a set of guidelines for the correct application of this 
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methodology, its general and specific components necessary for the education of special needs 

teachers. The guidelines are as follows: 

• understanding, according to which, the meaning of a child’s examination is not a conclusion 

about the identified variant of development, but the adaptation and individualization of a child’s 

educational program based on the conclusion and data collected during the diagnosis; 

• understanding that the teaching faculty does not have the right to limit the activity to 

examining hearing and speech, but should get a holistic picture of a child’s development; 

• understanding that pedagogical examination of a young child with hearing impairment does 

not begin with the presentation of tasks, but with the establishment of emotional contact; 

• understanding that adequate application of this technique targets a long period of time 

necessary for a child’s examination (from 1-2 weeks to 1-1.5 months); 

• understanding that this technique requires identification of not only the actual level 

(independent achievements demonstrated without the help of adults) but also the zone of proximal 

development (achievements demonstrated with the support of an adult, in conjunction with an adult’s 

involvement); 

• understanding that this technique requires examining each line of development, identifying 

the actual level and area of a child’s immediate development; 

• understanding that to identify the development option for a hearing-impaired child it is 

necessary to integrate all data from the examination of all developmental lines; 

• understanding and expecting differences in the achievements of children in the field of 

development, the complex relationships of these achievements in the overall picture of a child’s 

evolution; 

• understanding of the danger of underestimating the capabilities of a hearing-impaired child 

who suffers from insufficient verbal means of communication; 

• ability to present tasks in accordance with the requirements of the methodology; 

• ability to introduce a child to a diagnostic task, using all available means of communication, 

including natural gestures; 

• ability not to regard a refusal to perform a task as the reason for a negative assessment; 

• ability to assess and describe the emotional and behavioral reactions of a child during the 

examination; 
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• ability to analyze the behavior of a child in the process of examining the specified criteria 

area, i.e., the acceptance of the assignment, the degree of independence in the performance of the 

task, the interest in the process and the result of the activity; 

• ability to analyze the result of each diagnostic task, determining the degree of its compliance 

with a given pattern; 

• ability to maintain the examination protocol according to the set methodology requirements; 

• ability to put forward a preliminary hypothesis about a child’s developmental level describing 

each evolutionary line under study. The tasks must correspond to the age level; 

• ability to check the working hypothesis necessary for the further examination of a child 

based on fulfilling additional tasks, which are “below” or “above” the age norm; 

• understanding that the result of the tasks performed by a hearing-impaired toddler depends 

largely on the ability of a teacher to find the correct instruction; the instruction must stem from a child’s 

real achievements in development and the evaluable means of communication with a child; 

• ability to evaluate and describe a child’s communication tools and their correlation for an 

adequate assessment of the activity of a child with hearing impairment during the examination; 

• understanding that the level of development and the degree of its harmonious perception by 

a hearing-impaired child does not directly depend on the state of hearing; obviously, children with 

similar primary hearing impairments may demonstrate different developmental options; 

• ability to integrate data from different developmental lines and draw conclusions based on 

the development options identified by the methodology; 

• ability to compile a psychological and pedagogical description of the development of a 

hearing-impaired child based on the methodological structure and data collected. 

The developed methodology helped us identify the required skills that emerge in virtual practice, i.e., 

the ability of a supervisor to observe the requirements of the methodology during the examination of a 

child, the ability to analyze a child’s behavior according to the criteria set by the developed 

methodology, the proficiency to propose a hypothesis and check it, the skill to integrate the data 

obtained and reflected in the examination report and the proficiency to make a conclusion on the 

development of a hearing-impaired child. 

When designing virtual practice, we applied the principles for selecting children’s cases, which are as 

follows: 
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 hearing-impaired children with the most common, typical and often encountered in 

practice development options; 

 hearing-impaired children with similar pronounced primary hearing impairments, e.g., 

the hardness of hearing, deafness, but with different development options; 

 hearing-impaired children with a similar variant of development but with the difference 

of hearing aids, e.g., hearing aids and cochlear implants. 

 exclusion from the sample case group of those hearing-impaired children who have 

additional developmental disabilities; 

 the most common in the process of psychological and pedagogical examination 

behavior cases, which often emerge in practice and which are typical of the conduct of children with 

hearing impairment. 

To develop a pilot experimental sample of virtual practice, we chose a children’s construction activity. 

The basis for the choice was the following considerations. Using construction materials is a kind of 

activity that can be visible, its process and result are clearly observable and, therefore, easily 

analyzed by students. Using an example of this type of child’s practical activity, it is possible to form 

both general correctional and necessary teachers’ of the deaf skills in the field of instructional 

diagnostics of children’s development. 

In accordance with the rules of methodology for the examination of constructive activities, we applied 

two series of tasks, i.e., basic and additional. The main tasks focus on the age of a child. For example, 

if a child is 2 years and 3 months old, we examined him/her with the assignments intended for 

children aged 2-2.5 years; if a child is 2 years and 8 months old, we gave him/her the tasks intended 

for children aged 2.5-3 years. Extra tasks are beyond the age-matched correspondence. We offered a 

child additional tasks above the age requirements if he/she successfully deals with a series of basic 

tasks corresponding to his/her age. We offered additional tasks below the age requirements in the 

case when even after the help of a teacher a child is not able to complete most of the basic tasks 

corresponding to the age. Consequently, when examining a child, we used two series of tasks. Each 

of them included 5 tasks of varying degrees of complexity that were offered to a child according to 

certain rules. 

The diagnostic examination procedure implies several important procedures, i.e., the observation of 

certain requirements for the presentation of tasks, the choice of ways to induce a child if he/she does 
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not want to cooperate with an adult, the use of fixed types of assistance when a child cannot complete 

the task independently, although he/she willingly meets a teacher. The evaluation of assignments 

emerges according to four criteria, which are as follows: the acceptance of the assignment, the 

degree of independence in its implementation, the attitude to the process and the result of the activity, 

the compliance of the result of the activity with the specified pattern. During special studies, we 

managed to identify four levels of constructive activities of hearing-impaired children i.e., compliance 

with the age norm, advancing of the age norm, lagging behind the age norm, and significant lagging 

behind the age norm. We summarized and systematized the data for each level of development in 

relation to the selected assessment criteria. The level of development of the constructive activity of 

children, who perform all the basic tasks independently, and cope with additional tasks above the age 

requirements independently and with the help of an adult (at least 4 tasks) is estimated as ahead of 

the age norm. The level of development of constructive activities of children is assessed as meeting 

the age norm, if they cope with the main tasks independently and with a teacher’s help (at least four 

tasks are performed) and most of the additional tasks above the age requirements are not available 

for them or are performed with the help of an adult. If a child does not perform most of the basic tasks 

even with the help of an adult, but independently and with help deals with additional tasks below the 

age requirements, the level of his/her constructive activity is estimated as lagging behind the age 

norm. If both basic and additional tasks below the age requirements are inaccessible to a child even 

with an adult’s help, the level of his/her constructive activity is estimated as a significant lagging 

behind the age norm. 

We made a video collection of the necessary set of children’s cases to create a sample of virtual 

practice. Each child is represented in the video during the complete process of his/her qualification 

examination. 

Following the set of the developed principles, we determined the minimum required set of children’s 

cases, i.e., 24. The age range of children was from 2 to 3 years. The range of differences in the state 

of the hearing was varying from sensorineural hearing loss of II degree to deafness. The range of 

options for the development of hearing-impaired children was from ahead of the age norm to lagging 

behind the age norm. In the videos, the children were using different means of sound amplification: 

hearing aids and cochlear implants. 
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We also formulated teaching requirements for the video filming of the process of examining children’s 

constructive activities. Each child was filmed from the distance of 2-2.5 m. Firstly, we decided to 

provide a teacher and a child with comfortable working conditions. The specified distance was optimal 

for providing a student with the opportunity to see the teacher of the deaf and the child on the screen 

while working and to consider in detail their actions with the construction material. We mainly used the 

contrasting color background of the surface of the table and the details of the building material for the 

convenience of perception. 

We had been selecting the children for four years. We selected, examined and recorded the children 

in several educational institutions. We selected the video clips that were necessary for professional 

exercises of a certain type and were used as stimulus material. 

During the study, we developed a scenario of an experimental practice sample, including the 

description of certain aspects, which were as follows: program structure, students’ activities, types of 

proposed exercises, stimulus material, ways to monitor the correctness of the process and result of 

each exercise, ways to assist in the exercise process, ways of final control of students’ achievements. 

The developed scenario of the experimental sample of virtual practice and the created video 

collection were transferred to a programmer to perform the software implementation of the learning 

technology. 

The structure of virtual practice includes four interrelated blocks of exercises that are performed 

sequentially: 

Block 1. We learn to present tasks 

Block 2. We learn to analyze the behavior of a child during an examination 

2.1. Accepting assignment 

2.2. The degree of independence of a child when performing a task 

2.3. Interest in the process and outcome 

2.4. Correspondence of the result of activity to a given sample 

Block 3. We learn to make a conclusion about the variant of a child’s development based on 

the collected data 

Block 4. Control tasks 

For the educational blocks of the program, we chose the following main types of productive 

activities: 
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• analysis of the task presentation correctness to a hearing-impaired child during the 

examination; 

• comparison of the reference and erroneous behavior of teachers of the deaf while 

presenting tasks to a child, his/her compliance with the requirements of the methodology; 

• Analysis of the implementation process, the behavior of children in the performance of each 

diagnostic task according to the criteria specified by the methodology; 

• Analysis of the result of children’s performing each diagnostic task; 

• Synthesis of data obtained during the examination; 

• hypothesis of a child’s developmental variant based on the data obtained; 

• analysis of additional data, their integration and synthesis for testing the hypothesis; 

• Identification of a child’s development options based on the totality of data obtained. 

These student activities served as the basis for designing a system of consistently increasing 

in difficulty exercises in professional activity. 

 

4 Discussion 

In the approbation of the developed sample of virtual practice, 28 third-year students of teachers’ of 

the deaf program of Omsk State Teachers’ Training University took part. 

In the process of organizing the experiment, we singled out several stages. 

Firstly, the author of the diagnostic methodology for assessing the overall development of a young 

hearing-impaired child gave a course of lectures entitled “Psychological and pedagogical diagnostics 

of hearing-impaired children”. For a detailed acquaintance with this methodology, we used the 

videotapes of examining hearing-impaired children with different developmental variants. We also 

demonstrated the differences in children’s behavior during the examination. When conducting classes, 

we conducted a virtual practice with the students. 

After the course of lectures, a control test of the students’ readiness to apply the theoretical 

knowledge of the diagnostic methodology to practical work with a child was conducted. We asked the 

students to analyze the video recording of construction activities of two children, i.e., a child with a 

lagging behind his/her age norm and a child whose development corresponded to his/her age. The 

students were required to perform the part of their professional work, i.e., to evaluate the behavior of 

children during the examination according to the criteria given by the methodology, to record the data 
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in the protocol, to put forward a hypothesis and draw a conclusion about the development variant of 

each child’s construction activity. 

The analysis of the data showed that after the theoretical training, all students of the deafness 

education department (100%) turned out to be unprepared for the professional analysis of the 

behavior of children according to all criteria set by the methodology. No student could analyze the 

behavior of the children presented without mistakes (the percentage of errors ranged from 43% to 

23%) even though the teacher had previously used video illustrations of the process of diagnosing 

hearing-impaired children of an early age using the same method being studied. The students 

experienced the greatest difficulties in analyzing the behavior of a child whose development was 

lagging behind the age norm. Analyzing the child’s behavior according to individual criteria (the 

acceptance of the task, the degree of independence, the interest in the process and the result, the 

compliance of the result with a given pattern), the students, as a rule, underestimated children’s 

capabilities. 

However, in the ability to make a conclusion about the variant of the development of constructive 

activity, the participants in the experiment were divided into two groups. 57% of students were able to 

correctly identify options for the development of constructive activities of the two children. 43% of the 

students made the correct conclusion about the child, whose level of constructive activity 

corresponded to the age norm, but they were wrong in determining the variant of the development of 

the child who lagged the age norm, overstating his/her real possibilities. 

The data obtained indicate the need for additional work on the formation of students’ readiness to 

apply the studied method. All 28 students were offered a virtual practice developed by us. Before the 

start of work, we conducted a special seminar, the subject of which was the mastering of the program 

interface. Further, during the independent work, the students were given the opportunity to have a 

virtual practice, provided with a comprehensive help system. Each student was trained in professional 

skills necessary for the pedagogical examination of children, using specially selected 24 children’s 

cases. The total duration of each participant’s performance in the experiment with the exercises of 

virtual practice was 8 hours. During the work, each student could receive additional advice from the 

teacher of the course, who was the author of the diagnostic methodology and who controlled the 

virtual practice of its development. 
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After completing all the virtual practice exercises, we developed a control test. Each student was 

asked to analyze the video recording of the examination of hearing-impaired children with different 

developmental options: the advancing of the age norm, the matching to the age norm and the lagging 

behind the age norm (2 children). The videos of these children were not shown either during the 

lecture course or during the independent work of students with virtual practices. We asked the 

students to evaluate the behavior of children during the examination according to the criteria specified 

by the methodology, to record the data in the protocol, to put forward a hypothesis and make a 

conclusion about the development variant of each child’s constructive activity. The students carried 

out all test tasks independently, the possibility of assistance was excluded. 

Consequently, we analyzed each student’s dynamics of changes in the assessment of children’s 

behavior during the examination (reduction of the number of errors) and in determining the options for 

the development of the constructive activity of children. 

The analysis of the obtained data revealed the positive influence of the created virtual practice. It 

resulted in a better skill to apply the diagnostic method and the readiness to use it in work with a child. 

Each student showed a tendency to significantly reduce the number of errors in analyzing the 

behavior of a child after the virtual practice. This fact proves the overall effectiveness of the practice. 

After the lecture course, the percentage of students’ mistakes in assessing the behavior of children 

ranged from 43 to 23%, while after the virtual practice, the number of errors among all students, who 

intend to become teachers of the deaf, decreased significantly and was 0-3%. 

After the virtual practice, the number of students who were ready to draw the right conclusion about 

the options for developing the constructive activity of children increased. If after the lecture course, 

only 57% of students made the right conclusion about the development options for all children, after 

performing the virtual practice exercises the number of successful students amounted to 86%. At the 

same time, 14% of students were still mistaken in determining the development options for the child 

who was lagging behind the age norm, overestimating his/her real possibilities. 

According to the examination results, 100% of students positively described the user interface of the 

program. 92% of the participants in the experiment considered the use of virtual practice useful and 

necessary, describing its advantages. Among the advantages of the virtual practice, students noted 

the following features: the opportunity to analyze the examination of many “real” children with different 

developmental options, to gain independent practical experience in analyzing the behavior of 24 
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children; the possibility of multiple viewing of video recordings of a child’s examination, returning to 

the analysis of difficult cases to understand the moments of a child’s behavior, the lack of fear of 

making mistakes, the opportunity to independently use help at any stage of the virtual practice. 

Consequently, the experiment confirmed the hypothesis of the study. After using the virtual 

professional practices, the quality of professional competence of the students of the teachers of the 

deaf’ department improved in the field of diagnostic activities. 

The developed virtual practice can be used as a tool for assessing the degree of readiness of a 

student of teachers’ of the deaf department to apply the diagnostics methods being studied in the 

practice of working with a hearing-impaired child. 

The created approach and the general principles of design can be fruitfully used in the development 

of virtual practices for mastering a group of special techniques of multidimensional examination of 

children with impaired hearing in a wide range of ages. 

 

5 Conclusions 

One of the major findings of the study is the approach to the design of virtual practices for students of 

the teachers’ of the deaf department, which serves as an example of designing a virtual practice of a 

certain type. It helped to master the methods of pedagogical examination of young children with 

impaired hearing to determine their development options. 

The virtual practice of this type is comprehended in the system of mastering special diagnostic 

methods as a stage preceding the actual practice of working with hearing-impaired children. 

Another important finding is the fact that the virtual practice of this type involves certain components 

of the professional activity of a teacher of the deaf, i.e., the analysis of a child’s behavior during the 

examination according to the criteria specified by the methodology, the analysis of the behavior of a 

teacher of the deaf according to the specified requirements for the actions, fixing, analyzing and 

summarizing the data according to the specified requirements, forming hypotheses and logical 

conclusions according to the diagnostic technique. 

The general principles of designing virtual practice aimed at mastering of a specific diagnostic 

technique have been defined. We have designed a pilot model of a virtual practice to master the 

methods of examining hearing-impaired children to identify their development options. The 

experimental verification of the created sample of the virtual practice has been conducted. 
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We have proved a fundamental increase in the effectiveness of the formation of professional 

competences of the students in the field of diagnosing the development of children with hearing 

impairments. It is critical to use the virtual practice of this type. 

The proposed approach to the design of virtual practices for the development of private diagnostic 

techniques opens the prospect of creating virtual professional practices of this type in other areas of 

training for teachers of the deaf and special needs experts of other profiles. 
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Abstract. The article analyzes data confirming the significance level of family values for residents of 

different countries and Russia from the perspective of sociostatistical and demographic analysis. 

Objectives of the present publication consist in analyzing the importance level of family values through 

comparative analysis of sociological and statistical data. The analysis of the results of the sociological 

project named WORLD VALUES SURVEY for the periods from 1990 to 1994 and from 2010 to 2014, 

as well as comparative analysis of statistical data was carried out. When studying the value 

consciousness of the population, it is necessary to note the permanently occurring transformation 

processes in Russia and other countries of the world. Sociodemographic processes in Russia were 

compared with the analyzed similar sociodemographic processes in other countries of the world. The 

authors revealed interrelation between the declared family values and the actual demographic 

behavior of the Russian population, as well as carried out the conceptual analysis of the demographic 

policy of the Russian Federation till 2025. 

 

Keywords: family values, reproductive behavior of Russians. 

 

1. Introduction 

1.1. Problem definition  

Research into the family values becomes of particular importance in periods of societal transformation 

and demographic changes. The studied issue is of particular importance in connection with the 

implementation of the demographic policy concept of the Russian Federation for the period up to 2025 

[1]
. It involves fulfillment of various tasks, including increasing the life expectancy of the population, 

especially men; reducing the mortality rate of the population (including the infant mortality rate); 

reducing differences between regions in the level and quality of rendering medical aid to the 

population; increasing birth rate; attracting migrants, ensuring their adaptation and integration into the 

"host society"; strengthening the role of the family institution in society; distributing spiritual and moral 

traditions; promoting value of families having several children; promoting healthy lifestyle, etc.
 [1]

.  

The scientific literature indicates variative approaches to the interpretation of the definition of the 

family 
[2]

. In particular, "the family is a scope of persons who are connected with each other by 
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personal nonproperty and property rights and obligations arising from marriage, kinship, adoption, or 

other form of children adoption for upbringing; it is an organized social group in which members of this 

group are linked by common life, mutual moral responsibility, and social need; it is a union of persons 

connected by marriage, and persons originating from them (that is, children)" 
[2]

. 

 

2. Methods 

The methods of secondary analysis of documentary sources were used when executing this project. 

The sociological analysis was carried out based on the results of the following projects: World Values 

Survey 1981-2014, 2018 
[3]

; R. Inglehart 
[4]

; S.H. Schwartz 
[5]

; S.H. Schwartz and W. Bilsky 
[6]

. World 

Values Survey 1981-2014, 2018, waves 2010-2014and 1990-1994 based on the results of sociological 

research implemented in 60 countries of the world; statistical data analysis, etc. Among the value 

typologies, it is worth mentioning a concept proposed by D.A. Leontiev as the most adequate with 

respect to the social processes: "1) social ideals: this is the original form of values, because each 

value is generated by some social community; 2) object-embodied values: social ideals are given to us 

not abstractly, but through their embodiment in the works of specific individuals; 3) personal values: a 

substantive embodiment of the values occurs only through the activities of people who realize these 

values" 
[7], [8]

. Values are able to play an integrative role in society, to determine the cohesion of a 

particular society. Despite the fact that all values are subject to modification and evolution, the values 

of contemporary society are a key aspect of social and cultural transformation. Values play a kind of 

"fundamental role" in the life of an individual, being the basis on which further activities and 

relationships with the world are built 
[9]

. "Values are the result of interaction between the object and the 

subject, the person and the surrounding reality, they are one of the key links of social, group, and 

individual consciousness that determine the scope of activity and occupy an important place in the 

structure of goal-setting" 
[9], [10]

. 

 

3. Results 

3.1. The functioning of the family institution  

Marriage and divorce rates are major indicators of the family functioning institution in society. They are 

calculated based on the fact of marriages’ and divorces’ registration among the population of Russia 

(Table 1). As we see, the dynamics in the number of marriages and divorces over the past 24 years 

have rather a downward trend. Perhaps this dynamics are associated with the spread of the 

phenomenon of so-called "civil (latent) marriages" or cohabitation among the population of Russia. 

The number of marriages is influenced also by the trends common in recent decades in Europe and 

Russia, such as the postponement of the marriage age for both men and women, as well as children ’s 



Annals of Tropical Medicine & Public Health-Special Issue Mar 2018 Vol 9 

 

S609-18 

birth to a later age; the reduction in the number of children born to one marriage couple; the decline in 

the importance of traditional religions in the public consciousness, etc.
 [11], [12]

. 

 

Table 1: Number of marriages and divorces in Russia* 

Years 
Number of 
marriages 

Number of 
divorces 

Per 1.000 of population 

Marriages Divorces 

1992 1,053,717 639,248 7.1 4.3 
2000 897,327 627,703 6.2 4.3 
2005 1,066,366 604,942 7.4 4.2 
2010 1,215,066 639,321 8.5 4.5 
2012 1,213,598 644,101 8.5 4.5 
2013 1,225,501 667,971 8.5 4.7 

2014 1,225,985 693,730 8.4 4.7 
2015 1,161,068 611,646 7.9 4.2 
2016 985,836 607,591 6.7 4.1 

*[13
 
p. 83] 

The natural population migration coefficients are also indicators to assess the 

functioning of the family institution. Over the past 24 years of statistical observations, 

there has been a decrease in the population. Only for the period from 2013 to 2015 

there was a positive birth rate balance over mortality rate. This can be seen as an 

indirect effect of Russia's demographic policy (national projects and other programs) 

(see Tables 2, 3).   

 

Table 2: Natural population migration in Russia (persons)* 

Years Born Died Natural increase; 
Natural loss (-) 

Died before the age 
of one year 

1992 1,587,644 1,807,441 -219,797 29,208 
2000 1,266,800 2,225,332 -958,532 19,286 
2005 1,457,376 2,303,935 -846,559 16,073 
2010 1,788,948 2,028,516 -239,568 13,405 
2012 1,902,084 1,906,335 -4,251 16,306 
2013 1,895,822 1,871,809 24,013 15,477 
2014 1,942,683 1,912,347 30,336 14,322 
2015 1,940,579 1,908,541 32,038 12,664 
2016 1,888,729 1,891,015 -2,286 11,428 

*[13
 
p. 82] 

The trends observed in Tables 2 and 3, most likely are associated with the reduction of population in 

Russia, which is noted by demographers since around 60s of the XX century, called in the 

demographic literature as the "Second Demographic Transition" 
[14], [15]

. 
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Table 3: General coefficients of natural population migration in Russia* 

Years 
Per 1,000 of population 

Number of died before the age 
of 1 year per 1000 live births Born Died 

Natural increase; 
Natural loss (-) 

1992 10.7 12.2 -1.5 18.0 
2000 8.7 15.3 -6.6 15.3 
2005 10.2 16.1 -5.9 11.0 
2010 12.5 14.2 -1.7 7.5 
2012 13.3 13.3 -0.0 8.6 
2013 13.2 13.0 0.2 8.2 
2014 13.3 13.1 0.2 7.4 
2015 13.3 13.0 0.3 6.5 
2016 12.9 12.9 -0.01 6.0 

*[13
 
p. 82] 

3.2. Analysis of the relationship between family values and reproductive behavior 

According to the results of a secondary data analysis of the "World Values Survey" project 
[3]

, which 

was implemented in 2010-2014 in 60 countries, a number of countries were identified, where residents 

assessed the significance of family values to varying degrees (see Fig. 1,2, and 3). 

The countries, whose inhabitants value the family most significantly (the indicator ranges from 95.4 to 

99.0%) are those with a relatively low standard of living, but nevertheless, characterizing by traditional 

significance of religious beliefs (the population of the most countries professes Islam). In particular, 

these countries are Qatar, Uzbekistan, Kyrgyzstan, Egypt, Turkey, Jordan, Palestine, etc. (Fig. 1). 

 

 

Figure 1: Countries, whose residents consider family values to be the most significant according to the 

survey conducted in 2010-2014 in 60 countries (as a percentage of the total number of respondents)
 [3]
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Countries, for which the family values are highly significant (indicator fluctuates within the range from 

88.0 to 94.9%)include those with different religious preferences, and often radically different in terms 

of standard of living, with long-existing traditional practices associated with the worship of family ties 

(India – 94.9%; Pakistan – 94.0%; Azerbaijan – 93.9%; Kuwait – 93.2%, USA – 90.9%, etc.), (Fig. 2). 

 

 

Figure 2. Countries, whose residents consider family values to be highly significant according to the 

survey conducted in 2010-2014 in 60 countries (as a percentage of the total number of respondents)
 [3]

  

 

To the countries for which the family values are significant in general (the indicator ranges from 71.4 to 

87.4%) we can attribute Russia – 85.0%; China – 85.7%; the Netherlands– 85.5%; Germany – 77.6%, 
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etc. (Fig. 3). These countries have a population with mixed religious orientation and different living 

standards, often dependent on the demographic policy of these countries.  

 

 

Figure 3. Countries, whose residents consider family valuesto be highly significant according to the 

survey conducted in 2010-2014 in 60 countries (as a percentage of the total number of respondents) 

[3]
. 

 

Comparing the meanings of family values’ indicators in the period from 1990 to 1994 and from 2010 to 

2014 (Table 4) it can be noted that in the vast majority of the countries surveyed, the family values 

indicator has increased over the decade between the waves of research (in China – by 23.7%; in India 

– by 18.1%; in Japan –by 13.5%, in Mexico –by 13.0%; in Belarus – by 12.7%, etc.). The maximum 

increase in the family values’ indicator for China is most likely due to the abolition of restrictions on the 

birth of more than one child in the family since 2013 
[16]

. 
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Table 4: Excerpts from the study databases of the World Values Survey* with respect to the indicator 

of "family values" in 1990-1994; Comparison with data obtained in 2010-2014 

Country Year of research 
Sample 
(people) 

Family values’ 
indicator "very 

important" (%) an 
average of 
interviewed 
respondents 

Comparison 
result 

Argentina 1991 1,002 91.3  
 2013 1,030 88.9 –2.4 
Brazil 1991 1,782 90.4  
 2014 1,486 87.4 –3.0 
Belarus 1990 1,015 75.6  
 2011 1,535 88.3 +12.7 
Chile 1990 1,500 85.1  

 2012 1,000 91.7 +6.6 
China 1990 1,000 62.0  
 2013 2,300 85.7 +23.7 
Czechia 1991 924 85.6  
 = = -  
India 1990 2,500 76.8  
 2012 4,078 94.9 +18.1 
Japan 1990 1,011 77.3  
 2010 2,443 90.8 +13.5 
South Korea 1990 1,251 92.7  
 2010 1,200 91.3 –1.4 
Mexico 1990 1,531 84.6  
 2012 2,000 97.6 +13.0 
Nigeria 1990 1,001 93.8  
 2012 1,759 98.4 +4.6 
Poland 1989 938 90.3  
 2012 966 92.1 +1.8 
Russia 1990 1,961 77.4  
 2011 2,500 85.0 +7.6 
Slovakia 1990 466 86.9  
 = - =  
South Africa 1990 2,736 89.3  
 2013 3,531 92.5 +3.2 
Spain 1990 1,510 81.4  
 2011 1,189 91.1 +9.7 
Switzerland 1989 1,400 86.2  
 = = =  
Turkey 1990 1,030 87.1  

 2013 1,605 95.4 +8.3 

*
[3]

 

 

4. Discussion 

 

What are the transformation trends of the family institution noted in Russia? According to VCIOM 

(Russian Public Opinion Research Center), in 2017, the first place among the life priorities of Russians 

was the health condition of the individual and family members (so responded 99% of respondents), in 

second place wererelations in the family– so considered 98% of respondents
[17]

. The attitude to same-
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sex marriage among Russians was studied in 2015: 80% of respondents do not agree with the 

provision of the opportunity to marry same-sex couples.  Slightly less than half of the respondents 

(41.0%) believe that it is necessary to prosecute persons with nontraditional sexual orientation in order 

to eradicate this phenomenon. This speaks more about supporting traditional views on marriage and 

family
[18]

. As for the motivation to marry the majority of respondents consider the main motivation 

"procreation, having children"; in 2014 such viewpoint was expressed by 60% of respondents. In 2014 

the vast majority of respondents preferred to live in a family (79.0%) rather than alone (12.0%).
[19]

 

Regarding the desired number of children in the family, the majority of respondents noted "two 

children" – 53.0% of respondents intervened in 2014.
 [20]

 At that, among the consequences of the 

children’s birth, respondents have noted mainly negative aspects, such as the following: the birth of 

children negatively affects the economic status of the family in general – so responded 53.0%; the 

birth of children reduces the likelihood of self-actualization of parents – so believed 48.0% of 

respondents; the birth of children can affect the career growth of parents – so thought 45% of 

respondents in 2014
[21]

.  

What changes does the state family policy need? Interesting innovations were proposed by 

Muscovites. For example, more than half of the respondents (59.0%) believe that the spread of 

multigenerational (extended) families should be encouraged and promoted. Also, almost half of the 

respondents (49.0%) consider it important to include representatives of the Russian Orthodox Church 

(ROC) or other traditional religions in the juvenile affairs commission. Almost half of the respondents 

consider it necessary to carry out the examination of draft laws in the sphere of family relations by 

representatives of the ROC or other traditional religions (47.0%)
[22]

. 

The family is a unique social institution connected by a complex system of relations with all spheres of 

the state and society
[23]

. According to VСIOM, which studied the happiness index of Russians, most of 

the respondents feel happy because of the well-being in the family (35%), that is, the family is the 

main source of happiness for Russians
[24]

. 

However, the contemporary family in Russia is experiencing profound changes due to overcoming 

material difficulties
[25]

, the growth in number of single-parent families, abandonment of children, child 

and adolescent crime, and the rejuvenation of abortion. 

According to the survey of 2016
[26]

, the proportion of poor families in Russia in 2015 has increased by 

almost twice. At the same time, the financial situation of families and consumer opportunities improved 

until December 2014. However, the situation began to worsen in December 2014; the proportion of 

families with "poor" or "very poor" financial situation to date has increased by 7% (from 16% in 2014 to 

22% in 2015). The proportion of "poor" families (who do not have enough even for food and those who 

have enough money for food, but cannot afford buying clothes) jumped to 39%, thus returning to the 

level of 2009
[27]

. 
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In Russia, the number of single-parent families increased to 30% and amounted to 6.2 million. 

According to the Commissioner for the rights of the child under the President of the Russian 

Federation, in 2010, 23.6 thousand children were born to underage mothers, among them there was a 

large number of child abandonment. Annually, just according to official data, more than 76 thousand 

abortions are performed among minors, according to unofficial data this figure is three to four times 

more; in 2010, almost 654.5 thousand orphans were identified, among them almost 84 thousand were 

children with living parents 
[28]

. 

Over the past 20 years, there has been an increase in the incidence of children in all classes of 

disease 
[29]

. Only 4% of children living in difficult life situations and children in residential care can be 

considered healthy. According to World Health Organization, Russia ranks 4
th
in the world in the 

prevalence of smoking among adolescents (more than 30% of boys and 17% of girls aged 15-18 are 

smokers)
 [30]

. 

 

5. Conclusion 

In consequence of the conducted analysis it can be concluded that the value of a family with children 

(as procreation) is more likely nominal (declarative) than real (determinative behavior) for the Russian 

population, since its importance in the value consciousness of Russians does not mean real 

consequences in changing the reproductive behavior of Russians in general. Perhaps, in 

consequence of this circumstance, the concept of demographic policy of the Russian Federation for 

the period up to 2025 involves the replacement of the Russian population with the migrants (more than 

300 thousand people annually). Such scenarios in the framework of demographic policy to replace the 

population of countries by external migration flows are already used in a number of foreign countries. 

The experience in application of programs to encourage the reproductive behavior of the population in 

Russia gave positive results in the form of the positive balance, which was expressed in growth of the 

Russian population in 2013-2015. Therefore, the practice of using programs that stimulate 

reproductive behavior of population should be continued. Special importance in demographic policy 

should be given to programs aiming at the preservation and promotion of public health (including 

reproductive health); reduction of mortality from various diseases, "external causes", and injuries; 

reduction of infant mortality (at least twice); increase the birth rate in families primarily due to the birth 

of second and subsequent children; increase the level of access to health care for the general 

population of all regions of Russia; and promotion of healthy lifestyles and family values. It is important 

to implement demographic programs to encourage the birth of a second and third child in Russian 

families. 
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ABSTRACT  

Aim: The purpose of this study was to determine the prevalence of Molar Incisor Hypomineralisation (MIH) in 7-10 

years old school children in Southern Saudi Arabia.  

Materials & Method: A Total of 596 school children of age group 7-10 years were screened for MIH. Clinical 

examination were done inside the respective schools. Dental examination were carried out by using a standard 

mouth mirror and dental probe. After thorough brushing, the four Permanent First Molars (PFM) and eight erupted 

permanent incisors were examined on wet for demarcated opacities and enamel breakdown under portable light 

source. The results were recorded and analyzed for statistical significance using the Chi-square test and t-test with a 

P value of <0.05 considered significant.  Results: The prevalence of MIH in a group of Saudi school children was 

21.3%.  Permanent first molar was most affected individual teeth in this study as compared to incisors. MIH cases 

were found to be more affected in maxillary arch as compared to mandibular arch. Permanent lower laterals were the 

least affected teeth compared to centrals and first molar.  Conclusions: MIH is a clinically and epidemiologically 

relevant problem in Saudi school children. The high rate of severe forms is of clinical concern. The findings of the 

present study stress the need for educating present and future dentists and pediatric specialists in MIH, as well as for 

developing public health policies for the prevention and adequate treatment of MIH.  

.  

Keywords: MIH, FPM, Enamel defect, Prevalence, Children, Saudi Arabia.  

  

    

Introduction  

Developmental defects in enamel (DDE) like Molar Incisor Hypomineralization (MIH) may predispose for plaque  

accumulation and dental caries, leading to pain and discomfort for the child. This, in turn, may result in dental 

behavior management problems (BMPs) and dental fear and anxiety, and it may also cause  

aesthetic problems.
[1,2]

   Clinical studies have revealed a higher prevalence of enamel  

hypomineralization in both primary
[3,4]

 and permanent dentitions
[5]

 in children born preterm.  Due to profound 

sensitivity of affected teeth, children are reluctant to carry out effective oral hygiene (OH) and to accept dental 

treatment, being at risk of developing dental phobias and presenting behaviour management problems.  



Annals of Tropical Medicine & Public Health- Special Issue            Mar 2018 Vol 9  

  

S610-18 

 

Molar-incisor-hypomineralisation (MIH) is defined as the developmentally derived dental  defect  that 

 involves  

hypomineralisation of 1 to 4 first permanent molars (FPM) that is frequently associated with similarly affected 

permanent incisors. The condition has been referred to as ‘hypomineralized permanent first molars’,  

‘idiopathic  enamel  hypomineralization’,  

‘non-fluoride hypomineralization’, and ‘cheese molars’ by different authors.
[6,7] 

The defect is clinically presented as 

demarcated enamel opacities of different colour in the affected teeth, occasionally undergoing posteruptive 

breakdown due to soft and porous enamel. This may result in atypical cavities or even complete coronal distortion, 

requiring extensive restorative treatment. Most prevalence studies of MIH have been carried out in European 

countries, and rates  

between 3.6% and 19.3% were reported.
[8] 

 

At the time of this study, there has been no published prevalence study on MIH in southern part of Saudi Arabia. 

The aim of this study was to investigate retrospectively the prevalence of MIH in a group of Saudi  

Arabian children.  

  

  

  

Subjects and Methods   

A total number of 596 male school children were participated in the study with mean age of 8.5 years and age ranges 

from 7-10 years were screened for MIH in southern Saudi Arabia. The clinical examinations were performed by 

experienced clinicians in those children who fulfilled the required inclusion criteria. The examiners received training 

and were calibrated against each other prior to this study. The study participants were given clear explanation about 

the objective of the study. Voluntary informed consent were obtained from the parents before  

examination of child.  Dental examination were carried out by using a standard mouth mirror and dental probe. The 

location of demarcated opacities and enamel breakdown were recorded on a specially designed patient research data 
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sheet. All the participating children were instructed to brush their teeth in their classroom before examination.  After 

thorough brushing, the four FPM’s and eight erupted permanent incisors were examined on wet for demarcated 

opacities and atypical  

restorations under portable light source.   

Inclusive criteria:   

(i) 7- to 10-year-old children  

(ii) No systemic disease history  

(iii) Life-long residents in the selected regions (children born and living in the study area).  

(iv) Well-demarcated opacities when examined under wet condition  

(v) Children’s mothers and fathers should have permanently lived in the respective area for at least 5 years 

before the child’s birth, while breastfeeding was also practiced in the same region.  

(vi) Four PFMs and eight permanent  

incisors erupted.   

(vii) Dentitions with generalized opacities present on all teeth (such as in several forms of amelogenesis 

imperfecta), rather than limited to the PFMs and permanent incisors, are not considered to have MIH.  

(viii) The defects in the permanent incisors were not associated with history of trauma or infection in the primary 

dentition.  

The diagnostic criteria used in this study, however, were basically the same as those adopted in epidemiologic 

studies,
 [9.10]

 and the three examiners were calibrated and well familiar with diagnosis of MIH, which would help to 

reduce the magnitude of error caused by study design. Ethical clearance was obtained from ethical approval 

committee of the King Khalid University, Abha, Saudi Arabia.  The criteria used for the diagnosis of MIH were 

those developed by Weerheijm et al
 [11]

 and described at the European meeting held in Athens in 2003. The results 

were recorded and analyzed for statistical significance using the Chi-square test and t-test with a P value of <0.05 

considered significant.   
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Results  

A total number of 596 male school children were participated in the study with mean age of 8.5 years and age range 

from 7-10 years.  

Of the children examined, 127 were affected by MIH, with prevalence rate of 21.3%.  Table 1 shows the prevalence 

of MIH among the different ages. Prevalence of MIH according to age was, 17% at 7 years,  

14% at 8 years, 30% at 9 years and 39% at 10 years of age. The majority of children diagnosed with MIH were 10 

years old (39  

%), while those aged 8 years had the lowest MIH prevalence (14 %). Pearson Chi-Square showed statistically 

significance between the age and the prevalence of MIH.  

633 teeth were affected by MIH, of which 225 (36%) were central incisors, 94(15%) were lateral incisors and 

314(49%) were FPM [Table. 2], showed statistically significance. Prevalence of MIH occurrence is more in 

maxillary arch 96(69%) as compared to mandibular arch 43 (31%)  

[Figure 1].  

Discussion  

A wide range of prevalence (4 to 25%) was reported for MIH by various investigators in different countries. 

However, most of these studies were conducted in European  

countries.
[2,8,12,13]

 To our knowledge, at the time of this study only two studies were reported in Jeddah and Riyadh, 

Saudi  

Arabia.
[14,15]

  Prevalence of MIH in southern part of Saudi Arabia were not published in  

literature.   

The prevalence of MIH in a group of Saudi children was found to be 21.3%, presently there are very few studies on 

prevalence of MIH from Saudi Arabia generally.  The prevalence of MIH in present study as compared to other 

Arabian countries, were similar to that reported in Iraq (21.5%),
[16]

 is much higher to that reported in Jeddah, Saudi 

Arabia(8.6%),
[14]

 Turkey (7.7%),
[17] 
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Jordan (17.6%),
[18] 

Libya (9%),
[19]

 and Iran  

(18.4),
[20]

 but lesser than reported in Riyadh, Saudi Arabia (40.6%).
[15]

 The high variation in the prevalence of MIH 

could be due to differences in methods, sample sizes, criteria used to diagnose MIH, different age cohorts, or real 

differences between regions and countries (Jalevik, 2010; Tadikonda et al., 2015).
[21,22] 

Another drawback of this 

study  

was  that  the  severity  of  the  

hypomineralization was not recorded in the clinical notes. In the present study, only boys were included as boys and 

girls have separate schools in Saudi Arabia. More local studies are required to evaluate gender predilection regarding 

MIH through  

combined studies in girls and boys schools. The age range of this study with 7- 10-years of age is ideal, as the FPM 

and incisors have just erupted. Later, caries and extractions of severely affected molars mask the detection of MIH 

(Balmer et al., 2012).
[23]

  Most studies did not find a significant association between MIH and age (Preuisser et al. 

2007),
[24]

 in our study showed a higher prevalence of MIH among children 10 years old as compared to younger age 

groups.  

Similar finding observed by Costa-Silva et al    (2010),
[25]

    this  is  due 

 to  

hypomineralization lesions may be dynamic defects, which changes in the oral  

environment as the child grows older.   

According to the definition of MIH, only if at least one FPM was presented with MIH, the case was diagnosed as 

MIH. Children with enamel defects only in incisors or other non-index teeth were not included in the MIH group, 

which could lead to an  

underestimation of MIH. In our study, FPM (49%) were affected as compared to permanent central incisors (36%) 

and  

permanent lateral incisors (15%).  Maxillary molars were affected more compared to mandibular molars (Martinez 

Gomez et al., 2012; Parikh et al., 2012; Preusser et al., 2007). 
[26,27,24]

 On the other hand, there are also studies 

indicating the opposite (Jälevik et al., 2001)
[9]

 or even no difference between the jaws (Chawla et al., 2008a).
[28]
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Togoo RA (2011),
[29]

 conducted a study to determine prevalence of FPM caries among 7-10 years old school going 

boys in Abha, Saudi Arabia. Concluded that point prevalence of dental caries in FPM was recorded to be 66.4%. 

Teeth affected by MIH exhibits enamel defected and rapid progression of caries; therefore, in many cases, affected 

teeth require restorative treatment right after eruption.  If the defect is deep and widespread, it can lead to severe loss 

of tooth material and early loss of permanent teeth because of caries  

progression. The age-dependent severity of MIH had been reported in previous studies as well, suggesting that over 

a period of time MIH, a pre-existing congenital defect of enamel, results in post enamel breakdown of FPM due to 

heavy masticatory forces (Leppaniemi et al. 2001; Jasulaityte et al. 2007).
[30,31]

  Petrou et al (2015) 
[32]

 found that 

almost one-fifth of the teeth diagnosed with MIH exhibited severe defects. Trauma to primary teeth has been 

attributed to cause  

MIH  in  the  corresponding  permanent incisors (Balmer et al. 2015).
[33]

 In addition, in adolescents 

with active social lives and a developing interest in appearance and slight defects can have a serious impact on  

selfesteem.
[34]

   

  

Although the etiology of MIH is not fully known, it is likely to be complex and multifactorial, with some degree of 

genetic or epigenetic involvement (Silva et al., 2017).
[35]

 Recently, Kotsanos et al.,
[36]

 stated that children exhibiting 

MIH have 11 times greater probability of undergoing restorative treatment in their FPM’s compared with children of 

a control group. Moreover, fillings and sealants in MIH-affected children have over three times a greater probability 

of needing re-treatment than interventions on children of the control group.
[36]

 Despite the higher treatment demands, 

restorative treatments for these teeth are challenging for both patient and dentist.
[37]

 Clinically, treating MIH in 

children has serious drawbacks.  The problems in treating child patient having MIH are related to unexpectedly rapid 

caries development in the erupting FPM, pain and sensitivity, oral hygiene and diet habits, difficulty to anesthetize 

the MIH molars (Jalevik & Klingberg, 2002).
[37]

 It has been shown that children with MIH receive much more 

dental treatment  that unaffected children. (Jalevik & Klingberg, 2002, Kotsanos et al., 2005).
[37,36]

 Thus, treatment 

planning should also consider the long-term prognosis of teeth suffering from this condition.  Allazzam  et al 
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 (2014)
[14]

 conducted study in Jeddah, observed that lack of exposure to MIH in undergraduate training, future 

dentists will face similar challenges in terms of managing patients with MIH.  

Since MIH is not a classical disease, parents may not pay attention to the discolorations or even the enamel 

breakdown of their children’s teeth before the child itself starts to complain of pain or discomfort during daily 

activities (e.g. eating). Hence, information regarding MIH should be made available to the public and parents in 

particular should be made aware of the features of MIH, the high necessity of tooth brushing and of regular visits 

at the dental practice for early preventive and therapeutic steps. 

 

  

Conclusions  

The present study shows that MIH is an existing problem in southern part of Saudi Arabia. However, findings are 

not  

representative of the Saudi community as a whole. Despite these limitations, the findings of the study contributes to 

better understanding of MIH as it provides data on MIH from a country where there have very  few studies in the 

literature.   

  

1- The prevalence of MIH in a group of Saudi school children was 21.3%.  

2- Permanent first molar was most affected individual teeth in this study as compared to incisors.  

3- MIH cases were found to be more in maxillary arch as compared to mandibular arch.  

4- Permanent lower laterals were the least affected teeth compared to centrals and first molar.  

In conclusion, MIH is a clinically and epidemiologically relevant problem in Saudi school children. The high rate of 

severe forms is of clinical concern. Therefore, diagnosing and treating MIH should be part of the basic 

undergraduate education in Saudi universities. As the interest in MIH is very recent, continuing education should 

also address this topic to bring it to the attention of all dental practitioners. The findings of the present study stress 

the need for educating present and future dentists and pediatric specialists in MIH, as well as for developing public 

health policies for the prevention and adequate treatment of MIH.  

  

  



Annals of Tropical Medicine & Public Health- Special Issue            Mar 2018 Vol 9  

  

S610-18 

 

What this paper adds  

• There is clearly a lack of data on the  prevalence of  Molar Incisor  

Hypomineralization (MIH) from this region of the world. At the time of the write up of this manuscript, there 

had been only two published studies from Saudi Arabia (Jeddah and Riyadh region). However, there were no 

data available in the southern part of Saudi Arabia in the literature. This study found that the prevalence of MIH 

in 7 to 10 year old Saudi Arabian boys children was 21.3% which is comparable to other studies that have 

examined children of the similar ages (between 7 and 8 years) using the EAPD criteria.   

• This study provides baseline data on prevalence of MIH in Saudi Arabian population   

Why this paper is important to pediatric dentists  

• Pediatric dentists would have high chances to encounter children with MIH.  

• Pediatric dentists who treat Saudi children should be aware that this population group can also be affected with 

MIH.   

• This is important as this knowledge may provide clinicians direction on treatment planning for patients afflicted 

by MIH.   

• The findings from this study suggest the association between MIH occurrence and the Arabic ethnicity.  
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Table 1: Distribution of MIH (n, %) among children in different age groups (in years)  
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5% level of 

Significance  

  

Table 2: Distribution of permanent teeth affected by MIH.  

 
  

  

  

Figure 1: Distribution of MIH according to dental arch - n (%)  

  

AGE  MIH CASES  No MIH  Total Number  

7  21 (17%)  73 (83%)  94  

8  18 (14%)  110 (86%)  128  

9  38 (30%)  126 (70%)  164  

10  50 (39%)  160 (61 %)  210  

TOTAL  127(21.3%)  469 (79%)  596  

Chi-square  21.315  

    

df  3  

    

P-value  0.000*  
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Abstract. The results of the complex rehabilitation of patients with mesial occlusion (Class III 

malocclusion) regarding changes in the airways, oral soft tissues and tongue have been analyzed. 
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1. Introduction 

For the purposes of this study, in the Departments of Orthodontics (Head of the Department – 

Corresponding Member of the Russian Academy of Sciences, Professor L. S. Persin) and Pediatric 

Oral Surgery and Maxillofacial Surgery (Head of the Department – Professor O. Z. Topolnitsky) 

complex rehabilitation of patients has been carried out. Complex rehabilitation was aimed at treating 

dentofacial anomalies
 [1]

 in patients with mesial occlusion
 [2], [3]

. In this article, the authors analyze the 

results of complex rehabilitation of patients with mesial occlusion (Class III malocclusion) regarding 

the changes in the airways, oral soft tissues and tongue. 

 

2. Materials and Methods 

Thirty-six patients aged 18-40 years took part in the study. 

For assessment of the area of oral soft tissues, airways and tongue, an X-ray method was used. 
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The area of the oral soft tissues and the airways was estimated with the use of lateral and frontal 

cephalograms (tele X-rays). The criteria for assessing the quality of the image, which could be used in 

the analysis, were as follows: the clarity of the image of soft tissues and bone, and the maximum 

contact of teeth in both jaws in the habitual occlusion. Cephalograms of patients obtained during 

swallowing were excluded from the study in case when the tip of the tongue did not touch the 

mandibular or maxillary incisors or when the teeth were excluded. 

The lateral cephalograms were used to analyze the airways, the area of the tongue, the oral cavity, 

and the tongue-free space by the method of J. Battagel
[4]

; and the length, thickness of the soft palate 

and the position of the tongue were determined by the method of T. Lymberg
[5]

. 

The position of the tongue in the oral cavity was assessed through the analysis of the perpendicular 

distance from the plane of the base of the maxilla to the lowest (point L) and to the highest (point H) 

points on the dorsum of the tongue. 

According to the method of J. Battagel, the lines connecting the most anterior point of the hyoid bone, 

the chin, the oral surface of the mandibular alveolar process, the lingual surface and the cutting edge 

of the mandibular central incisor, the cutting edge and the palatal surface of the maxillary central 

incisor, contour of the hard palate, oral surface of the soft palate, the tip of the tongue, the highest 

point on the dorsum of the tongue, and the point on the dorsal surface of the tongue at the site of the 

greatest narrowing of the airways had been drawn. 

The measurements between the projection of the point of the pterygomaxillary fissure on the posterior 

contour of the maxilla and the tip of the uvula in the region of the greatest soft palate thickness were 

carried out by the method of T. Lyberg
[5]

. The necessary contours were noted on the cephalometric 

tracing paper, then the obtained areas were calculated, and the resulting data were processed and 

entered in a table. 

The method of Gundega Jakobsone et al.
[6]

 was used to assess the size of the airways. According to 

this method, on the lateral cephalogram of patient with mesial occlusion the points PNS, U, V, UPW, 

MPW, LPW were noted and the PNS-UPW, U-MPW, V-LPW, PAS min landmarks were measured, 

then the obtained data were recorded in a table and evaluated (Table 1). 
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Table 1. Landmarks used for assessment of the airways’ measurements by the method of Gundega 

Jakobsone et al.
[6] 

Designation Landmark 

PNS Posterior nasal spine 

U Tip of the uvula, the most posterior-inferior point of the uvula 

V Epiglottis valley, the point of intersection of epiglottis and base of the tongue  

UPW Upper pharyngeal wall, intersection of the PNS-Ba (basion) line and the posterior 

pharyngeal wall 

MPW Middle pharyngeal wall, intersection of a perpendicular line from U with the 

posterior pharyngeal wall  

LPW Lower pharyngeal wall: intersection of the perpendicular line from the V with the 

posterior pharyngeal wall  

PNS-UPW Distance between the PNS and the UPW, which represents the nasopharyngeal 

airway space, mm 

MPW –U Distance between the U and the MPW, which represents the oropharyngeal 

airway space, mm 

LPW- V Distance between the V and the LPW, which represents the hypopharyngeal 

airway space, mm 

PAS min Minimal distance between the base of tongue and the posterior pharyngeal wall, 

which represents the minimal pharyngeal airway space (retrolingual space), mm 

 

3. Results 

Analysis of the size of airways, uvula, tongue and oral cavity according to data obtained with the use 

of lateral cephalograms of patients with Class III malocclusion depending on the type of facial skeletal 

growth before treatment revealed no significant changes, except for the position of the tongue at 

points H and L when comparing patients with vertical and horizontal type of growth and at point H 

when comparing patients with neutral and horizontal types of growth (Table 2). 
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Table 2. Estimation of the size of airways, uvula, tongue and oral cavity according to data obtained with the use 

of lateral cephalograms of patients with Class III malocclusion depending on the type of facial skeletal growth 

before treatment (vertical (Mv ± mv), neutral (Mnt ± mnt), horizontal (Mh ± mh)). 

Indicator Mv±mv Mnt±mnt Mh±mh 
dv-nt±mv-nt 

(р) 

dv-h±mv-h 

(р) 

dnt-h±mnt-h 

(р) 

tongue, point H 
12.00 

±1.22 

9.41 

±0.78 

8.25 

±0.83 

2.59±1.45 

(>0.05) 

3.75±1.48 

(<0.05) 

1.17±1.14 

(>0.05) 

 

The assessment of the size of airways, uvula, tongue and oral cavity with the lateral cephalograms of 

patients with Class III malocclusion after preoperative orthodontic treatment has shown that there 

were significant changes. It was found that after orthodontic preoperative preparation patients with 

vertical type of facial skeletal growth had significantly narrower oropharyngeal cavity than those with 

neutral and horizontal ones. 

 

Table 3. Comparison of significant changes in the size of the airways, uvula, tongue and oral cavity defined with 

the use of lateral cephalograms before (M2 ± m2) and after surgery (M3 ± m3) 

Indicators M3±m3 M2±m2 d±md P 

All patients 

 

uvula length 
35.56±0.83 32.24±0.55 3.22±0.10 <0.01 

 

tongue, point L  
25.30±0.46 28.46±0.97 -2.60±0.76 <0.001 

Neutral type of growth 

tongue-free space 6.42±0.62 4.73±0.32 1.69±0.70 <0.02 

Horizontal type of growth  

uvula length 36.51±1.48 32.45±1.07 4.06±1.83 <0.05 

tongue, point L 24.75±0.78 28.46±0.97 3.71±1.24 <0.01 

 

As shown in Table 3, during the surgery the uvula was reliably lengthened and the position of the 

tongue had changed (point L). In patients with the vertical type of growth no postoperative changes of 

the intraoral soft tissues were observed. In patients with Class III malocclusion and the neutral type of 
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facial skeletal growth, the tongue-free space significantly increased before and after surgery. For 

patients with the horizontal type of growth, the results of analysis did not differ from the entire set of 

patients: the uvula was reliably lengthened and the position of the tongue had changed (point L). 

A similar comparative analysis of the size of airways, uvula, tongue and oral cavity before and after 

combined treatment in the group of patients as a whole revealed significant expansion of the 

oropharyngeal cavity, lengthening of the uvula and change in the position of the tongue at point H. In 

patients with horizontal type of facial skeletal growth no significant changes had been revealed. In 

patients with the neutral type of growth, the width of the oropharyngeal cavity significantly increased 

as a result of the combined treatment. However, depending on the type of facial skeletal growth, 

analysis of the size of airways, uvula, tongue and oral cavity in patients with mesial occlusion (Class 

III malocclusion) did not reveal any significant differences between the data before and after 

treatment. 

 

5. Conclusion 

Cephalometric analysis of the size of airways, uvula, tongue and oral cavity depending on the type of 

facial skeletal growth revealed no significant changes, except for the position of the tongue at points H 

and L (when comparing patients with vertical and horizontal type of growth) and at point H (when 

comparing patients with neutral and horizontal types of growth). After preoperative orthodontic 

treatment, a significant increase in the width of the airways in the region of the oropharynx and 

laryngopharynx was detected, with the exception of patients with the vertical type of growth. In 

patients with the horizontal type of growth, the width of the airways in the area of laryngopharynx 

increased significantly, and a higher position of the tongue was observed. When comparing intraoral 

soft tissues before and after surgery, it was found that, as a result of surgery, the uvula was 

significantly lengthened and the position of the tongue (point L) in the set of patients as a whole, and 

in patients with the horizontal type of facial skeletal growth in particular, had changed. A similar 

comparative analysis of the data before and after combined treatment revealed significant expansion 

of the oropharyngeal cavity, lengthening of the uvula and change in the position of the tongue at point 

H in the set of patients as a whole, and in patients with the neutral type of growth in particular. In 

patients with the vertical and horizontal types of growth, there were no significant changes in the size 

of the airways, uvula, tongue and oral cavity. 
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Abstract 

The article provides information from the history of photodynamic therapy application in medicine. The 

modern ideas about the main physical features of photodynamic therapy have been characterized, the 

general method application scheme has been described, and the photodynamic therapy output 

parameters have been presented. 

In the practical part of the study, a comparison was made of the classical photodynamic therapy based 

on continuous irradiation of malignant tumors and the developed laser scanning method. Based on the 

study results, the conclusion may be made about the prospects of using the developed version of 

photodynamic therapy. 

 

Keywords: photodynamic therapy, photosensitizer, photo destruction, laser device, 

laser irradiation, scanning. 
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1. Introduction 

In recent decades, oncology diseases have been among the most common causes of death for 

people. According to the World Health Organization, cancer ranks second on this indicator after 

cardiovascular diseases, with the likely persistence of this trend in the near future. Over the past 10 – 

15 years, the efforts of scientists have been focused on identifying and developing promising 

technologies that can kill this severe disease.  

Photodynamic therapy (PDT) is a modern and promising method for the treatment of both oncological 

and nononcological diseases. The number of publications in this area incrementally increases every 

year around the world. PDT combines elements of the radiological method since it includes as a 

compulsory component the source of nonionizing radiation and chemotherapy through the use of 

photosensitizers. Since its inception, the PDT method was applied almost exclusively in the oncology, 

but in the recent years, it has gone beyond the framework and has spread in many directions of 

medicine.  

PDT is based on the introduction of a photosensitizer (PS) into the body, its selective accumulation in 

tumor tissue and its further interaction with the light of the appropriate wavelength to ensure adequate 

permeability inside biological tissues. When interacting with the light in the presence of oxygen, PS 

causes the photochemical destruction of tumor cells. PDT causes both direct cytotoxic effect on the 

tumor, leading to necrosis and apoptosis of tumor cells, and mediated one - through the damage of 

microvascular tumor grid as a result of vascular stasis, thrombosis and haemorrhage, which in turn 

leads to the death of tumor cells due to hypoxia. It should also be noted that one of the PDT targets 

are macrophages that, after photo-irradiation, produce inflammatory mediators and cytokines 

(lymphokines, thromboxane, prostaglandin, tumor necrosis factor, etc.), which significantly affects 

tumor degradation
[1], [2], [3]

. 

In 1904, the term “photodynamic action” was proposed by the Director of the Institute of 

Pharmacology, from the University of Munich, Professor G. Tappiner. A few years before that (1897 – 

1899), his medical student A. Raab, when studying the action of various substances on the 

Paramecium caudatum, had first noticed that some substances, in particular, acridine, phenylacridine, 

eosin and quinine, were nontoxic or low-toxic in darkness, and had an extremely strong damaging 

effect on microorganisms in the presence of bright daylight. It turned out that fluorescence is the 

common property of these compounds. The photosensitivity hypothesis was made, i.e. the 
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enhancement of the damaging effect of certain substances was explained precisely by the influence of 

light quanta on them. Researchers showed that the same spectral waves that were most aggressive 

towards Paramaecium caudatum caused the greatest fluorescence when using a light refractive lens. 

Further experiments in this regard contributed to the idea of the possible therapeutic application of 

fluorescent substances when combined with irradiation. Soon such attempts took place in the 

treatment of patients with skin carcinoma, tuberculosis and syphilis. At the same time, skin rashes 

were exposed to PS by smearing or through internal focal injection of an aqueous solution of eosin, 

after which they were irradiated with sunlight or an arc lamp. Such procedures led to significant 

improvements in the condition of the skin in the destruction areas
[4]

. 

Thus, at the beginning of the 20th century, the era of the PDT formation and development began. The 

first PS were developed based on porphyrins contained in natural substances such as emoglobin, 

myoglobin, catalase, peroxidase enzymes and a large group of cytochromes. W.H. Hausmann 

conducted the first experimental studies of hematoporphyrin removed from the blood. He first reported 

of the action of hematoporphyrin as an active PS and the death of paramecia and red blood cells as a 

result of light irradiation
[5]

. 

According to modern scientific concepts, PDT is predominantly considered to be the method of PS 

activation by laser radiation, which accumulates in the focus of damage followed by the development 

of photochemical reactions in the cell.  

In this case, the photodynamic effect depends on the amount of light delivered to the biotissue, the 

amount of PS accumulated in the tissue, and the amount of oxygen in the tissue. Absorbed light turns 

the PS into its activated modification. The stimulated PS enters the first or second type photochemical 

reactions with oxygen, which leads to the formation of oxidized radicals (mainly singlet oxygen). 

Some of these radicals attack cells and cause an accumulation of oxygen damage. Cell destruction 

takes place when the accumulated lesion exceeds the threshold value. 

 The general scheme of PDT method application can be explained as follows: 

— a PS is administered to the patient, intravenously or orally; 

— a certain period of time is allowed during which the drug accumulates in malignant tumors 

and is naturally removed from healthy biological tissues; 

— the affected areas are irradiated with light with the following parameters: wavelength, 

energy exposure, energy (photodynamic) dose, duration of exposure; and 
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— as a result, photodynamic destruction of a tumor takes place. 

Output parameters of the PDT are the following: 

— Light source radiation wavelength (nm). This parameter directly depends on the PS 

absorption spectrum, and it is desirable that it matches the maximum of its absorption. Typically, this 

parameter ranges from about 600 to 800 nm. 

— PS dose (mg per kg of the patient's body weight). The parameter essentially depends on 

the PS type and the method of its introduction into the patient's body. 

— The time interval between the PS introduction and the start of irradiation (hours), which is 

necessary for the PS accumulation in malignant tumors and its removal from normal tissues. 

— Radiation flux density on the biological tissue surface (mW/cm
2
). The value of this 

parameter depends on the PS type, the optical properties of biological tissues. The density of the 

radiation flux is usually in the range from 50 to 200 mW/cm. 

— PDT procedure duration or light exposure (minutes). Like the previous parameters, it largely 

depends on the PS type. The exposure value at PDT is 5 to 30 minutes. 

— Energy (photodynamic) dose (J/cm, photon/g). The definition of photodynamic dose is a 

central concept at photo destruction planning. 

In addition to the above parameters, when calculating the photodynamic dose, it is also necessary to 

know the geometric and optical properties of biological tissues, both normal and pathological, namely: 

the refractive index; absorption ratio; scattering ratio; anisotropy factor; tissue density. The geometrical 

parameters and optical characteristics of the optical radiation delivery to biological tissue, which is 

subject to photodynamic destruction, are also essential when choosing a specific PDT process 

scheme and determining the photodynamic dose. 

The efficiency of photodynamic destruction of sensitized cells is determined by the PS intracellular 

concentration, its localization in the cell, its photochemical activity, and the laser irradiation dose. 

 

2. Methods 

The effect of laser radiation as a result of the photochemical reaction of PS with oxygen molecules 

leads to the formation of singlet oxygen which is highly toxic to cancer cells. The total radiation dose 

during the PDT procedure is approximately 300 – 600 J/cm
2
. The selected area is continuously 
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irradiated; the laser beam location does not change throughout the procedure. The treatment is 

carried out in a prolonged manner for 5 – 10 sessions, with an interval of 24 hours between sessions. 

To analyze the treatment effectiveness, it is necessary to take into account such parameters of laser 

radiation as surface power density and energy dose. 

The surface power density of the radiation – PDS – is calculated by the following formula: 

PDS = Рrad/π · r2
 

Where P is the radiation power on biological tissue in mW, r is the radius of the laser "spot" in cm. 

Table 1 shows the values of the surface power density of the radiation (PD) of a laser irradiation beam 

with a different diameter at a power of 1 W. 

 

Table 1. Surface density of laser power 

Laser spot radius, cm 0.05 0.5 1.0 2.0 3.0 4.0 

Surface power density, mW/cm
2
 127.38 1.27 0.32 0.079 0.035 0.02 

 

Energy dose of radiation is as follows:  

E = P · t 

Relevant exposure time of the affected area is as follows: 

t = E / PDS · S 

The density of the power entering the tumor zone must meet the general requirements for the effective 

PDT
[6]

. However, in the case of irradiation of large-sized tumors, it becomes necessary to increase the 

laser power. The increase in power, in turn, leads to an increase in the energy costs and the cost of 

the device. 

It should be noted that after the start of irradiation, the concentration of molecular oxygen in a tumor 

during its interaction with the stimulated PS and the formation of singlet oxygen drops sharply. The 

restoration of the required concentration of molecular oxygen (and PS) directly depends on the blood 

circulation and requires a certain period of time during which further tumor irradiation becomes 

meaningless and leads only to an inexpedient burning out of the PS without achieving the desired 

effect. 

The choice of the PS type is a fundamental point in the PDT process implementation, which 

determines the wavelength and duration of exposure to achieve a therapeutic effect. An ideal PS 

should be free of impurities for selective accumulation in a tumor tissue and have the ability to 
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overcome the blood-brain barrier. PS should also be localized in the tumor tissue without being 

absorbed by healthy tissues in significant concentrations and have the maximum cytotoxic activity 

against tumor cells when light photons are absorbed in the spectral range of 650 – 700 nm. It is very 

important that PS does not cause systemic toxicity and is rapidly removed from the body.  

After determining the parameters and localization of the PDT object, the choice of the optical radiation 

delivery scheme and its spatial distribution sufficient to ensure the guaranteed destruction of 

oncological tumors in a term acceptable for clinical practice are crucial. 

The classification of optical delivery systems varies depending on the type of radiation sources, the 

localization of the biological object, and the geometry of the distal optical instrument: irradiation of the 

surface with a wide beam or fiber with a lens at the end; intracavitary irradiation; intraluminal 

irradiation; intracavitary full-surface irradiation, with and without the use of auxiliary light-scattering 

medium; interstitial irradiation, by the end of the optical fiber, its cylindrical surface or an isotropic 

radiator. 

 

3. Results and Discussion 

The laser scanning method proposed consists in irradiating a malignant formation with a low-power 

laser beam with the small cross-section, which moves step by step through the selected exposure 

area with some stay at the stopping points, with the repeated zone scanning from the initial position
[3]

. 

This scanning method is implemented as follows (Fig. 1). 

 

.  

Fig. 1. Irradiation scheme 
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After the PS accumulation in a tumor, the necessary irradiation zone (1) is determined so that it is 

larger than the tumor size (2). The focused laser beam passes through the selected zone step by step, 

stopping at each point of irradiation (3) for a specified period of time. 

The beam moves to the next point with a small overlap in order to prevent the occurrence of 

unirradiated zones. After passing through all points of a tumor, the beam returns to its initial position, 

and a repeated step-by-step passage of the irradiated zone occurs. Its repeated passage, starting 

from the initial points, begins when the concentration of molecular oxygen and PS therein has already 

recovered due to blood circulation and diffusion from adjacent sites of tissue. 

In this way, this method of tumors irradiation provides for: 

 – The reduction of radiation dose without reducing the working power density; 

 – The reduction of laser power; and 

 – PS savings, the costs of which are consistent with the presence of molecular oxygen in the 

tissue. 

A series of experiments have been conducted to evaluate and compare the antitumor efficiency of 

PDT when a tumor is irradiated with the classical method and using the laser scanning method.  

A tumor is scanned by a device that consists of a control unit (1), a laser module (2) and a set of vents 

(3), as shown in Fig. 2. 

 

 

Fig. 2. Block diagram of the experiment using a scanning laser device 
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The principle of device operation is based on the radiation generation by semiconductor lasers of the 

laser module (2), after which the beam is directed to the glass of the deflectors (4), which ensure its 

movement through the irradiation zone. The focused laser beam (5), with a diameter of about 1 mm, 

passes through the entire zone (6) step by step, stopping at each point of irradiation for a specified 

period of time. Using the control unit (1), the necessary scanning parameters are selected: the size of 

the irradiation zone, the laser radiation power (from 5 to 50 mW), and the duration of the laser delay at 

one point (from 5 to 20 ms). The power density generated by a tumor at a given output power is 

significantly higher compared to the classical irradiation technique, where the beam diameter is about 

1 cm. The size of the irradiation zone should be larger than the tumor size and selected depending on 

its size in the range from 0.2 to 2 cm. 

Mice with Lewis lung carcinoma (LLC) induced in the hind limb pad were used as a model object. An 

hour before laser irradiation, mice were injected with PS "Photosens" at a dose of 10 mg/kg. For 

comparative results, the tumors were irradiated in parallel in scanning or continuous modes. Both 

modes were matched in wavelength (λ = 660 nm), power density (Pd = 50 mW/cm
2
), and irradiation 

time (t = 50 min). For the scanning mode, the irradiation zone (20x20 mm) and the laser beam stay 

time at each point (20 ms) were determined. The diameter of the scanning beam was 1 mm. Thus, the 

radiation dose received by a tumor in a continuous mode was 150 J/cm
2
, and 400 times exceeded that 

for the scanning mode, at which it was 0.375 J/cm
2
. 

Both tested irradiation modes (scanning and continuous) resulted in some inhibition of the growth of 

experimental tumors. Thus, already on the seventh day after the therapy, the size of all irradiated 

tumors began to significantly differ from the control ones. On the 19th day, the growth inhibition of 

tumors in the group irradiated in the scanning mode was 43%, and for the continuous mode, this figure 

was 63%. Consequently, the results obtained did not differ fundamentally, although the radiation dose 

in the scanning mode was more than two orders of magnitude less. 

A number of experiments were also conducted with various operating modes of the laser scanning 

device to achieve the best photodynamic effect. Experiments with different delay times of the laser 

beam at a point (5, 20 ms) confirmed that at different operating modes of the laser scanning device 

the tumor growth inhibition level remained consistently high compared with the control group.  
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When performing PDT, one of the main conditions for its effectiveness is the choice of PS required for 

the destruction of a tumor. The creation of tumor-specific PS is one of the PDT directions. 

The first PS used for PDT in the clinic was a water-soluble mixture of porphyrins – the so-called 

hematoporphyrin derivative. Later, its purified version was called Photofrin. The following PS and 

generation-derivatives of hematoporphyrin have been subsequently developed and approved for use 

in the clinic: Photohem (Russia), Verteporfin, Vizudin (USA)
[7]

. However, their disadvantages are a 

high cost, pronounced phototoxic effect, and low quantum yield. More advanced first generation PS 

are the derivatives of 5-aminolevulinic acid, the precursor of protoporphyrin IX, with their selective 

accumulation in tumor cells and short-term skin phototoxicity, namely Levulan (USA), Alasens 

(Russia), Metvixia (USA). In addition, the first generation PS are effective only for superficial 

neoplasms. 

The second generation PS include phthalocyanines: Photosens (Russia); bacteriochlorins: 

Radachlorin (Russia), Photoditazin (Russia), Photolon (Belarus). These drugs have higher 

tumorotropism and intense absorption in the long-wave red region (662 nm against 630 nm), high 

contrast ratio (10 – 15 against 1.5 – 2.0), high yield of singlet oxygen and low phototoxicity
[8]

. 

The third generation PS are the modified second generation PS with their attachment to carriers 

(monoclonal antibodies, biological conjugates) with tropism for membrane structures
[9]

. 

Also, sources of light are important for PDT. For effective PDT, it is necessary for the wavelength of 

the light source to strictly correspond to the maximum PS absorption peak. For unmodified porphyrins, 

the peaks of the highest absorption are almost always in the zone of the Soret band – about 400 nm. 

This blue light (~ 400 nm) has a relatively low permeability in the tissue (penetrates no deeper than the 

epidermis of the skin); and red light (600 – 800 nm) penetrates more deeply. However, the 

wavelengths in the infrared area (over 800 nm) have very low energy in order to initiate the desired 

photodynamic destruction of a tumor. Therefore, PDT mainly uses red light
[10]

. 

It is also important that the light source has low radiation power and is able to produce a large dose of 

light in a relatively short time. Therefore, in PDT, lasers are most often used, but it has already been 

proven that some other light sources can be successfully used for PDT. These can be fluorescent 

tubes, filament lamps, broadband red high-pressure lamps, pulsed lasers on paints, and super-bright 

photodiodes (LEDs). LEDs are an alternative to lasers and even have some advantages, including 

portability, high levels of radiation and relatively narrow spectral emission bands
[11]

. 
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An important factor for PDT is the presence of oxygen in a tumor, since the latter is necessary for 

photochemical reactions
[12]

. The presence of hypoxia zones in a tumor leads to a relative decrease in 

the response to photoaction. The oxygen pressure can vary significantly between areas of the tumor. 

It depends on the degree of vascularization and the level of oxygen diffusion (optimal tissue 

oxygenation makes up on average 5%). However, the level of oxygen is mainly a problem for deep 

tumors, but at the same time, the level of oxygen is not limited in superficial tumors, such as skin 

tumors. 

 

4. Conclusion 

PDT demonstrates the effectiveness in the treatment of many malignant neoplasms. The main areas 

of PDT application in the treatment of cancer are the following ones. 

In the initial stages of the disease, PDT as per the radical program is used to completely destroy a 

tumor and treat the patient, which is most possible in cases of skin cancers and some other 

localizations (lungs, esophagus, genitals). In the late cancer stages, PDT is useful for the palliative 

treatment, in particular for recanalization of hollow organs and the elimination of tumor obstruction in 

them. PDT is also successfully used in the combined and complex treatment of various tumors, 

especially recurrent ones and those with intradermal metastasis, for example, melanoma. PDT is 

increasingly used as a neoadjuvant therapy method to reduce the tumor resection volume, and with a 

cytoreductive goal in inoperable cases. PDT in intraoperative practice may be used for the same 

purpose, as well as for fluorescent diagnostics. 

The PDT advantages in oncology are selective effects on the tumor with minimal impact on the 

surrounding tissues and the almost complete ablasticity of the wound during surgical intervention. 

There are few contraindications for PDT, and these are basically the same ones as for other 

anticancer methods of treatment: the patient’s serious condition like acute cardiovascular and 

respiratory failure, decompensation of the liver and kidneys, and some autoimmune diseases. The 

main side effect of PDT is increased skin photosensitivity, but recently new generations of PS have 

been created, minimizing such effects. 

In general, the field of PDT application in medicine is progressively expanding, and in the future, an 

increase in the spread of PDT both in the oncology clinic and in other branches of medicine should be 

expected. 



Annals of Tropical Medicine & Public Health-Special Issue Mar 2018 Vol 9 

S612-18 

 

The proposed PDT method with tumor irradiation by laser scanning, when the laser beam of small 

cross section moves across a selected area with a certain period of time stayed at each point, reduces 

the power of laser radiation required for the procedure, optimizes the process of using PS and 

molecular oxygen, and results in the increasing PDT effectiveness in cancer patients. 

The experimental check of the method on a vaccinated tumor in mice has shown that it was only 20% 

lower than the usual continuous irradiation method in terms of the effectiveness of the tumor growth 

inhibition, whereas the applied irradiation dose was 400 times lower. 

In this way, it is possible to conclude about the promising application of the developed PDT version 

using a scanning laser device for irradiating tumors, since even with a very low dose of irradiation, the 

scanning mode provides for the suppression of tumor growth. This method undoubtedly deserves 

further study in order to improve it and increase its efficiency. 
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Abstract. Context: The article presents the outcomes of comparative research of two closely related 

species of cornflowers (Centaurea bipinnatifida and Centaurea ruthenica) from Central Kazakhstan. 

Aim: The analysis of seed germination shows both similarities in the structure of sprouts at early 

stages of development and differences between the morphology and the degree of the cut end of a 

sheet plate of the real leaves. The structure of sesquiterpene lactones and flavonoids determines the 

differences in the chemical composition of Centaurea bipinnatifida and Centaurea ruthenica. The 

sesquiterpene lactone grossgemin with its distinct anti-cancer activity against strains of sarcoma 180, 

lymphisarcoma Plissa, and solid tumor Ehrlich appears the dominating component in raw materials of 

Centaurea ruthenica after alcohol-chloroform extraction whereas flavonoids salviginin and 4'-methyl 

ester of cirrileneols – in raw materials of Centaurea bipinnatifida. In all, Centaurea bipinnatifida differs 

from Centaurea ruthenica by the seeds’ germination, the morphology of development of sprouts, the 

chemical composition, and biological activity. These features confirm an independent status of studied 

species. 

 

Keywords: Centaurea bipinnatifida, Centaurea ruthenica, morphological features, 

seed, plant sprout, the structure of a leaf, chemical composition, biological activity. 

 

 1 Introduction 

The problem of studying and conserving biodiversity is one of the topical issues, considered in basic 

research. It includes a comprehensive analysis of polymorphic taxa that helps to understand floristic 

wealth, record and evaluate plant resources, develop measures for individual species and plant 

communities’ protection. 



The genus Centaurea L. is one of the critical groups of the family Asteraceae Dumort. It is an 

extraordinarily diverse and complex genus, the taxonomy of which often causes difficulties and has 

long been the subject of discussion. 

 

2 Materials and Methods 

Cornflower Bipinnate (Centaurea bipinnatifida (Trautv.) Tzvel) is an endemic species of Central 

Kazakhstan. N.N. Tzvelev, in the treatment of the herbarium of the subgenus Centaurea in Flora of 

the USSR, in notes to Centaurea ruthenica Lam., claimed that these sporadically widespread species 

are not entirely homogeneous but include several isolated ecological and geographical races. He 

mentioned Centaurea ruthenica var. bipinnatifida Trautv. from the Ulytau Mountains as an example of 

the heterogeneity of Centaurea ruthenica Lam. N.N. Tzvelev did not provide more detailed information 

on the distribution, ecology, and the habitat of the type specimen
[1]

. A.P. Gamayunova, in the 

treatment of the herbarium of the genus Centaurea L. in the Flora of Kazakhstan, samples of 

Centaurea bipinnatifida (Trautv.) Tzvel., referring to the notes made by N.N. Tzvelev in Flora of the 

USSR. A.P. Gamayunova did not provide any references to a sample copy of this new species and its 

location. An extremely brief morphological description says that Centaurea bipinnatifida (Trautv.) 

Tzvel. resembles Centaurea ruthenica Lam. with its feathery leaves. The only difference is that leaves 

involve cicatricle dissection into very narrow cartilaginous-acute-toothed lobes
[2]

.  

The Ulytau Mountains area typically has a cornflower bivalve, extensive collections of which are also 

stored in the herbarium of JCP “International Scientific and Productive Holding “Phytochemistry” (KG) 

and Herbarium of the Kuzbass Botanical Garden (KUZ). The herbal collections are gathered in stony 

inter-mountain valleys along the banks of temporary watercourses, sometimes on saline soils. New 

finds of Centaurea bipinnatifida (Trautv.) Tzvel are connected with the mountain system of Shunak, 

located on the border of the dry steppes and northern deserts of the Kazakh Hills
[3]

. 

The identification of the distinguishing features between Centaurea bipinnatifida (Trautv.) Tzvel. and 

Centaurea ruthenica Lam. required the comparative analyses of the morphological characteristics and 

the chemical composition. 

The sowing qualities of seeds of cornflower Bipinnate were studied in the laboratory conditions. The 

conventional method determined the seed viability
[4]

. The process of chemical studies of plants 

involved the HPLC methods
[5]

. 



 

3 Results and Discussion 

The Differences in Morphological Features of Cornflower Bipinnate and Cornflower Russian 

The seeds of Centaurea bipinnatifida and Centaurea ruthenica are similar in shape, color, and size 

(Figure 1). 

 

  

a - Centaurea ruthenica;   b - Centaurea bipinnatifida 

Figure 1. Plant Seeds 

 

We studied the laboratory seed germination of examined plants. The seed germination of 

Centaurea ruthenica, gathered in 2016, amounted to 60%, whereas the seed germination of 

Centaurea bipinnatifida, gathered in 2015, amounted to 82%. 

Centaurea ruthenica seedlings have a clear visible border between the stem and the root, 

which has many short additional roots that give a "fluffy" look. The color of plant sprouts from seeds is 

dark green (Figure 2, a). 

Centaurea bipinnatifida germs have long thin additional roots that can be seen closer to the 

tip of the primary source. The color of plant sprouts from seeds is light green (Figure 2, b). 

 



 

a  b 

a - Centaurea ruthenica; b - Centaurea bipinnatifida 

Figure 2. Plant Sprouts 

 

Determining the distinctive morphological characteristics of the seeds of Centaurea 

bipinnatifida and Centaurea ruthenica involved sowing in pots and observations in laboratory 

conditions or the closed ground. 

Both species of plants have ascended on seven or eight days. When stretching out and 

opening, all cotyledonary leaves looked similar. The real leaves looked the same after their 

appearance. Centaurea bipinnatifida 3
rd

, 4
th
, 5

th
 leaves had a lancet form and large-saw edges of a 

sheet plate. 6
th
 and 7

th
 leaves of Centaurea bipinnatifida appeared pinnatipartite from the upper lancet 

lobe with the large-saw edges of the leaf plate (Figure 21). Centaurea ruthenica leaf edges (from the 

3
rd

 to the 7
th
) are small-saw, whereas the form of the leaf is broad lancet (Figure 3).  

 

  

a b 

a-the 5
th
 leaf; b-the 6

th
 leaf 



Figure 3. Leaf Plates of Centaurea bipinnatifida 

 

  

a b 

a-the 5
th
 leaf; b-the 6

th
 leaf 

Figure 4. Leaf Plates of Centaurea ruthenica 

 

 

Figure 4. Indoor Centaurea bipinnatifida 

 



 

Figure 5. Indoor Centaurea ruthenica 

 

Figures 4 and 5 show the differences between two species of plants. Non-pinnatipartite 8
th
 

leaf of cornflower Russian has already appeared. Perhaps, the next leaves will be similar to the 

leaves of cornflower Bipinnate. We will continue to monitor the plants. 

 

Comparative Chemical Study of Centaurea bipinnatifida Tzvel. and Centaurea Ruthenica Lam. 

The proximity of these species to the botanical description involved the study of the chemical 

composition regarding the presence of sesquiterpene lactones and flavonoids Centaurea bipinnatifida 

moreover, Centaurea ruthenica (Cornflower Russian) as well as a comparison of the obtained results 

with the previously acquired literary data. 

The chemical study of Cornflower Bipinnate (Centaurea bipinnatifida Tzvel.) The study of the 

chemical composition of Cornflower Bipinnate engaged the chloroform extraction of dry finely 

separable raw materials (leaves, flower baskets, flower buds) with the subsequent removal of ballast 

substances. The received sums of extractive elements have been divided with the application of 

centrifugal chromatography of distribution on fractions which have been investigated by HELC. 

Division of the sum of extractive substances of Cornflower Bipinnate on installation FCPC-200 

allocated Salvigenin (1) (5-hydroxy-6, 7.4'-trimetoksiflavon) and 4'-methyl ether Cirsilineol (5-hydroxy-

6, 7.3', 4'-tetrametoksiflavon) (2) (Figure 6). 

The structure of the allocated substances (1, 2) is established by data
1 

H-, 
13

C-NMR-spectra, 

two-dimensional spectra of NMR 
1
H-

1
H (COSY) and 

13
C-

1
H (COLOC). 



Determining of the content of sesquiterpene lactones in plant raw materials, Bipinnate 

Cornflower (Centaurea bipinnatifida Tzvel.) involved such extractions as chloroform, ethanol, and 

water; however, according to the IR-spectra, then the extracts are missing strips of the absorption 

specific to the lactone ring. 
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(1) – Salvigenin; (2) – 4'-methyl ester Cirsilineola 

Figure 6. Chemical structure of flavonoids of Bipinnate Cornflower 

 

Thus, the chemical study of the endemic plants of Bipinnate Cornflower (Centaurea 

bipinnatifida Tzvel.), resulted in the identification of well-known flavonoids salvigenin (1) (5-hydroxy-

6,7,4'-trimetoxiflavon) and 4'-methyl ether Cirsilineol (5- Hydroxy-6,7,3',4'-tetrametoxiflavon) (2). 

 

The chemical study of Russian Cornflower (Centaurea Ruthenica Lam) 

Previously, the authors
[6]

 carried out the methanol extraction of dried flowers Centaurea 

ruthenica Lam. Further, the concentrated extract was separated under a system in n-

BuOH/HOAc/H2O = 4:1:5 (upper phase), 15% HOAc and then BuOH/EtHO/H2O = 4:1:2.2 using paper 

chromatography. The isolated flavonoids are purified by column chromatography on a Sephadex LH-

20 sorbent, eluting with 70% MeOH. As a result, such flavonoids as patoulethin (3); patuletin 7-O-

glucoside (4); patuletin 3,7-di-O-glucoside (5); quercetin acetylene (6); quercetin acetylene 7-O-

glucoside (7); 6-methoxycamampferol (8); 6-methoxycamampferol 7-O-glucoside (9); axillarin (10); 

axillarin-7-O-galactoside (11); axillarin-7-O-glucoside (12); quercetin 3-O-glycoside (13) have been 

identified (Figure 7). 
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(3) R1 = OH; R2 = OCH3; R3 = OH; R4 = OH; R5 = OH. 

(4) R1 = OH; R2 = OCH3; R3 = OGLC; R4 = OH; R5 = OH. 

(5) R1 = OGlc; R2 = OCH3; R3 = OGlc; R4=OH; R5 = OH. 

(6) R1 = OH; R2 = OH; R3 = OH; R4 = OH; R5 = OH. 

(7) R1 = OH; R2 = OH; R3 = OGlc; R4 = OH; R5 = OH. 

(8) R1 = OH; R2 = OCH3; R3 = OH; R4 = H; R5 = OH. 

(9) R1 = OH; R2 = OCH3; R3 = OGly; R4 = H; R5 = OH. 

(10) R1 = OCH3; R2 = OCH3; R3 = OH; R4 = H; R5 = OH. 

(11) R1 = H; R2 = OCH3; R3 = OH; R4 = OCH3; R5 = OH. 

(12) R1 = H; R2 = OCH3; R3 = OGlc; R4 = OCH3; R5 = OH. 

(13) R1 = OH; R2 = H; R3 = OH; R4 = OH; R5 = OH. 

Figure 7. Russian Cornflower flavonoids 

 

Next stage of the chemical study of the plant raw material of Cornflower Russian (Centaurea 

ruthenica Lam) involved water and chloroform extraction of flower baskets and leaves of this plant 

growing in the mountains of Chingiztau in the Semipalatinsk region. The resulting thick extract was 

chromatographed on a column of silica gel of the brand KSK. As a result, a crystalline substance of 

the composition C15H18O4 was isolated, and physicochemical constants were identified as the 

sesquiterpene lactone of the guaiac-type grossgemin (14) (Figure 8). Grossgemin (14) in the water 

extract was 0.001% based on air-dry raw materials, and the Grossgemin (14) in chloroform extract 

was 0.075% based on air-dry raw materials. 
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Figure 8. Chemical Structure of Grossgemin 

 

Isolation of Grossgemin from Russian Cornflower (Centaurea ruthenica Lam) 

1) 1.2 kg of leaves and flower baskets of the plants collected in the flowering phase were 

brewed in hot water (80-84°C) three times for 1 hour. Water extraction has been processed with 

chloroform three times. The rotary evaporator evaporated the chloroform; a dense dark mass (tar, 15 

g) was chromatographed on a column of alumina (IV activity) at a ratio of 1:10, eluting with a mixture 

of carbon tetrachloride and benzene (1: 1), isolated sesquiterpene lactone Grossgemin (14) of the 

composition C15H18O4 (after recrystallization from alcohol two times, 0.012 g) was obtained with m.p. 

200-202°C, Rf0.45 (Table 1).  

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Table 1. Chromatographic Separation of the Chloroform Extract of Cornflower Russian 

No. of 

fraction 
Solvents and solvent system Characteristics of the fraction 

1 2  

1 petroleum ether oil 

2 petroleum ether – tetrachloride carbon (20%) oil traces 

3 petroleum ether–carbon tetrachloride (1:1) oil 

4-6 4-chloride carbon oil 

7-8 4-chloride carbon–Benzene (20%) oil 

9-13 4-chloride carbon–Benzene (1:1) 

9-10 crystals 

12–oil traces 

13–oil 

14-22 Benzene 

14-15–crystals 

16-18–oil 

19-20–traces of crystals 

21-22 crystals 

23-26 benzene – diethyl ether (20%) crystals 

27-39 benzene – diethyl ether (1:1) 
27-34 – crystals 

35-38 – oil 

40 diethyl ether oil 

41 ether-acetone (20%) oil 

42-44 acetone oil 

45 acetone – ethyl alcohol (1:1) oil 

 

2.1 kg of leaves and flower baskets of Russian Cornflower (Centaurea ruthenica Lam) were 

exhaustively extracted with chloroform; after evaporation, 121.8 grams of tar, treated with 60% 

alcohol, was obtained; the water-alcohol part was extracted with chloroform (3x500 ml). The water-

alcohol layer was separated by decantation and extracted further with chloroform (3x200 ml each). 



The chlorophenols layer was evacuated in vacuo to obtain 26 grams of tar, which was 

chromatographed on a 1:10 column of silica gel using a 1:10 column, eluting with a mixture of carbon 

tetrachloride and benzene (1:1) to obtain 1.6 g of sesquiterpene lactone of grossgemin (14) m.p. 200-

202°C, Rf 0.45. 

Thus, the chemical study of Cornflower Bipinnate (Centaurea bipinnatifida Tzvel.) resulted in 

extracting two flavonoid salvigenin and 4'-methyl ester of cirrileneols whereas the sesquiterpene 

lactone grossgemin was derived from Cornflower Russian (Centaurea ruthenica Lam). The 

comparison of the chemical composition of Cornflower Bipinnate Cornflower and Cornflower Russian 

established that their qualitative structure differs in the content of flavonoids and еру sesquiterpene 

lactone of grossgemin.  

Grossgemin (14) is a crystalline substance of white color, the composition of C15H18O4, M.m. 

262. M.p. 200–202º С (ethyl alcohol).  

The infrared absorption spectrum of the substance obtained in disks with potassium bromide 

(3 mg of the preparation in 300 mg of potassium bromide), in the range from 3800 to 600 cm
-1

, should 

have a characteristic absorption bands at 3474 (OH), 1740 (C = O y-lactone), 1648 (C = C), 1399, 

1167, 977, 921, 822, 685, 562, 482
[7]

. 

The ultraviolet spectrum of 0.001% solution of a substance in 96% ethanol in the range from 

190 nm to 400 nm requires a maximum absorption at a wavelength of 201 ± 2 nm. 

An m/z 262.1 [M]
+ 

molecular ion peak presents in the mass spectrum of grossgemin. 

Calculated: m/z 262.1200. Found: m/z 262.1195. 

The output of grossgemin from the elevated part of the plant in water extraction is 0.001%, 

and in chloroform extraction – 0.075%. 90 mg/kg dose of grossgemin has an expressed antitumor 

activity: inhibits the growth of the strain of Sarcoma 180 to 96.2%, Lymphosarcoma Plissa – up to 

84.4% and solid tumor Ehrlich – up to 77.8%. The comparatively small toxicity of the studied lactone 

is noted: There was 770 (740-800) mg/kg LD50 in sharp experiments on mice at intraperitoneal 

introduction in dimethyl sulfoxide. 

 

Allocation and chemical study of grossgemine from Cornflower Russian 

1) 1.2 kg of leaves and flower baskets of plants, collected in a phase of flowering, brewed in 

hot water (80-84°С) 3 times for 1 hour. Water extraction has been processed with chloroform three 



times. Chloroform was distilled from chloroform extraction and turned into dense, dark substance (a 

tar, 15g) which was chromatographed on a column with aluminum oxide (IV degree of activity) at a 

ratio 1:10, and then evaluated a mix of tetrachloride carbon and benzene (1:1). Double 

recrystallization from alcohol allowed obtaining 0.012 g of grossgemin, corresponding to the 

composition of C15H1804, m.p. 200-202°C, R 0.45. 

2) 2.1 kg of leaves and flower baskets of cornflower Russian were exhaustively extracted with 

chloroform; after evaporation, 121.8 grams of tar, treated with 60% alcohol, was obtained; the 

hydroalcoholic part was extracted with chloroform (3x500 ml). After treatment similar to the one that 

described above, we got 1.6 g, m.p. 200-202°C, Rf 0.45. 

 

Antitumor activity of Grossgemin from Russian Cornflower  

The study of the antitumor action of the sample of the selected grossgemin was conducted in 

Kazakhstan Scientific and Research Institute in Almaty. Grossgemin was tested on different strains of 

tumors (with different histogenesis) rats – on the initial lymphosarcoma Plissa, sarcoma 45, 

carcinosarcoma of Worker, alveolar mucous membranes of liver cancer RS-1, lymphosarcoma Plissa; 

mice-on the initial adenocarcinoma of the mammary gland sa-755, epidermoid carcinoma lung 

astrolabe, leukemia L-1210, P-388, L-1210. 

The timing and the beginning of the experiment are determined by the specialties of the 

selected strains as well as the number of introductions of the substance. In tests, the treatment of 

animals with tumors began from the moment of appearance of well palpable and measurable tumor 

knots, the average diameter of which reached 12-18 mm for rats and 8-11 mm for mice. In most 

cases, it is the 5
th
-8

th
 day after the injection of tumors. The treatment of animals with alveolar liver 

cancer was assigned on the 15
th
-18

th
 day after the transplantation.  

Pre-treatment stage involved the distribution of rats and mice in groups on condition that all 

groups have the tumors of the same size. Each experience has a control (untreated) and 

experimental groups, where animals received a medicine. Each group had from eight to ten animals. 

The obtained data were processed statistically. 

Grossgemin is revealed to decrease SH-group in blood serum intact animals, and rats – 

tumor-bearers. Antitumor activity of grossgemin coincides with the decline of endogenous tiol, which 

indicates the antitumor effect of lactone. 



Thus, the sesquiterpene lactone grossgemin was extracted from the elevated part of 

Cornflower Russian. Grossgemin is established to have an expressed anti-tumor activity about strains 

Sarcoma 180, lymphosarcoma Plissa, and solid tumor Ehrlich. 

 

4 Conclusion 

Thus, results of comparative research of two species of cornflowers (Centaurea ruthenica and 

Centaurea bipinnatifida) confirmed specific independence on the morphology of sheet plates, the 

chemical composition of high bodies and biological activity of dedicated compounds. 
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Abstract 

The article presents the original data on the variant anatomy of axillary lymph nodes in women. The 

well-known scheme of topographic anatomy of the axillary lymph nodes has been supplemented with 

four more topography options: 1 – absence of the lateral group; 2 – absence of the anterior group; 3 – 

location of the lateral group on the posterior surface of the shoulder; 4 – the concentration of all 

groups of axillary lymph nodes on the top of the axillary fossa. The authors analyzed their own data on 

metastatic lesions of regional (axillary) lymph nodes with different localization of cancer in the breast 

(six types of damage). It has been shown that metastatic lesion of axillary lymph nodes located along 

the axillary neurovascular bundle is primary, in the posterior and anterior – secondary. There is an 

independent path of lymphatic drainage at the central location of the tumor in the breast – in the 

subclavian lymph nodes. Taking into account the data on cancer metastasis from various breast 

quadrants, the technology of axillary lymph node dissection has been proposed, which will prevent the 

postmastectomy lymphedema of the upper limb without violating the well-known oncological principles 

of radicalism. 

 

Keywords: lymphatic system, lymphedema, mastectomy, axillary lymph nodes. 
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1. Introduction 

In 2013, the Lancet Oncology Journal (v.14, p. 500-515) published recent findings of T. 

DiSipio et al.
[1]

 on the metanalysis of the incidence rate of secondary upper extremity lymphedema 

after the combination treatment of breast cancer. According to the authors, 1.3 million women undergo 

breast-cancer-related surgery every year; mastectomy with extended axillary lymphadenectomy is 

performed for 10-40% of the women, on average. After axillary sentinel lymph node biopsy, arm 

lymphedema develops in 2-6% of the women. The incidence rate of upper extremity lymphedema after 

radical mastectomy amounts to 5-35%
[1]

. In total, the number of female patients with upper extremity 

lymphedema increases by 300,000 women a year! It is noteworthy that within two years after the 

surgery, lymphedema (the volume of this extremity differs from that of a healthy arm by at least 200 

ml) is usually diagnosed in 13.5% of the patients, within five years – in 30.2% of the patients, within 10 

years – in 41.1% of the patients
[2]

. G. Visconti (2018) reports that secondary upper extremity 

lymphedema is breast-cancer-related lymphedema in 98% of the cases
[3]

. In addition, secondary 

upper extremity lymphedema can be caused by lymphatic system damage (trauma-related, 

oncohematological, etc.) that disturb lymph drainage from corresponding regions, including the upper 

extremities. Meanwhile, oncologists consider postmastectomy lymphedema to be a complication, so 

they have recently focused not on preventing lymphedema but on determining risk factors (predictors) 

that lead to postmastectomy upper extremity lymphedema. These predictors are as follows: 

1. Postoperative radiation treatment in the axillary cavity, weight gain, postoperative 

seroma in the axillary cavity, infusion chemotherapy in the affected extremity, disease progression
[2]

; 

2. Invasive cancer diagnostics (biopsy), chemoradiotherapy, axillary lymph node 

dissection
[4]

; 

3. Disease progression, weight gain
[5]

; 

4. Weight gain, dissection of an average of 19 axillary lymph nodes
[6]

. 

The data on postmastectomy upper extremity lymphedema predictors are interesting, 

however, they do not clearly point at the paramount role of extended axillary lymphadenectomy in the 

development of this condition. Unfortunately, breast cancer surgery specialists pay little attention to 

lymph drainage from the upper extremities. One of the reasons is that the Terminologia Anatomica 

(2003) claims that the regional lymph nodes of the upper extremities are brachial (lateral), central and 

apical lymph nodes. In other words, the above-mentioned groups of the axillary lymph nodes (except 
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posterior (subscapular) and anterior (mammary) lymph nodes) are mutual for the breast and upper 

extremities. This situation initially discredited the idea of preventing secondary upper extremity 

lymphedema in case of radical mastectomy. Besides, the modern axillary lymph node dissection 

methods are based on the old and habitual paradigm of the presence and syntopy of the axillary 

lymph nodes. As for surgeons-oncologists, secondary upper extremity lymphedema is one of the 

common complications of complex breast cancer treatment
[7]

. All the above-mentioned data testify to 

the acute need for developing technologies to prevent secondary upper extremity lymphedema, as 

now there are multiple grounds for considering upper extremity lymphedema after radical mastectomy 

to be an iatrogenic complication. 

The research goal was to develop a technology to prevent secondary upper extremity 

lymphedema after the J.L. Madden et al modified radical mastectomy. 

Research objectives: 

1. To study the variant anatomy of the axillary lymph nodes in females.  

2. To study cancer metastasis options for different breast tumor locations.  

3. To develop a technology to map different groups of the axillary lymph nodes that drain 

lymph from the breast and corresponding upper extremity. 

 

2. Materials and Methods 

The authors analyzed the variant anatomy of the axillary lymph nodes using data from 150 

literary sources describing the anatomy of the axillary lymph nodes and published in the past 50 years. 

The Department of Operative Surgery and Topographic Anatomy of the North-Western State Medical 

University n.a. I.I. Mechnikov (Saint Petersburg) carried out the volumetric and structural analysis of 

axillary lymph node topography options using the Power SHAPE three-dimensional hybrid modelling 

software (Delcam, United Kingdom). The analysis findings were compared with information on the 

axillary lymph nodes from the Terminologia Anatomica (2003).  

Cancer metastasis options for different breast cancer locations were studied at the 

preoperative (diagnostics), intra- and postoperative stages. The preoperative diagnostics of potential 

metastatic lesions in the regional (axillary) lymph nodes was carried out via the ultrasound method 

(EUB 6500 6-13 MHz, Hitachi, Japan). The ultrasound signs of lymphangitic metastases are lymph 

node enlargement, disrupted anatomical continuity of the cortical layer of lymph nodes, the 
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hypoechogenic medullary substance of lymph nodes. To specify the tactic and scope of further 

treatment, the immunohistological analysis of the removed lymph nodes (145 lymph nodes) was 

carried out via the EnVision two-stage staining method with the use of the LabVision antibodies 

(Denmark). Lymphangitic metastatic spread depending on tumor process localization in breast tissues 

was analyzed retrospectively. The authors analyzed 296 case records and discharge reports for 

patients who were diagnosed with breast cancer (Т1-3, N1-3, M0), aged 30-83 years old, underwent 

surgical treatment at different Russian oncologic institutions in 1988-2018 and were treated and 

monitored at Saint Petersburg City Clinical Oncology Dispensary, Leningrad Region Oncology 

Dispensary and D.D. Pletnev City Clinical Hospital of Moscow Department of Health (Moscow). 198 

patients underwent the standard J.L. Madden radical et al mastectomy with axillary lymph node 

dissection
[8], [9]

, 35 patients underwent radical partial mastectomy with level I and II axillary lymph node 

dissection, and 63 patients underwent radical mastectomy with level I, II and III axillary lymph node 

dissection. Some case records contained photo archives showing the technology of axillary lymph 

node dissection.  

The technology for mapping regional lymph nodes in the axillary cavity based on two 

lymphotropic fluorescent pharmaceutical products was developed in compliance with a grant from the 

Ministry of Education and Science of the Russian Federation under Contract No.14.579.21.0146 

(unique identifier – RFMEFI57917X0146) at Tomsk Technology Development Zone and Autonomous 

Non-Profit Organization Research Institute of Microsurgery (Tomsk, Russia). The technology was 

developed on the basis of the Reverse Lymphatic Mapping method
[10]

 for mapping the axillary and 

inguinal lymph nodes as well as “sentinel nodes” with the use of indocyanine green and radioactive 

technetium. 

 

3. Results 

The classical, normal anatomy of the regional axillary lymph nodes does not take into account 

the diversity of the presence and syntopy of the axillary lymph nodes that can be affected by 

lymphangitic metastasis in case of breast cancer. Special computer software was used to build a 

three-dimensional model of the chest with breasts and axillary lymph node groups. This unique matrix 

clearly demonstrates not only the diversity of the above-mentioned lymph node groups but also their 

location vs. the walls of the axillary cavity and intercostal spaces of the chest (Figure 1). 
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Figure 1. A three-dimensional computer model of the chest and breast. 

 

Studying the variant anatomy of the axillary lymph nodes via the three-dimensional computer 

model of the chest and breast allowed determining the following potential options for the presence and 

syntopy of the regional axillary lymph nodes (Figures 2, 3). 

 

 

Figure 2. Axillary regional lymph node topography option: there is no lateral (branchial) group at the left; there is 

no anterior (mammary) group at the right. 
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Figure 3. Axillary regional lymph node topography option: the left lateral group is located along the posterior 

surface of the shoulder; at the right, all the lymph node groups (lateral, anterior, posterior, central) are located at 

the top of the axillary cavity. 

 

Therefore, the systematization of information on the regional axillary lymph nodes confirms the 

existence of multiple options for the presence and syntopy of these lymph nodes.  

Information on the metastatic lesions of the axillary (regional) lymph nodes for different 

locations of malignant neoplasms in the breast is extremely important for clinical practice. To carry out 

an immunohistological analysis, the authors used the biopsy material of the cellular tissue with the 

axillary lymph nodes. Pathohistological study findings were compared with the status localis of the 

tumor process in the breast (Table 1). Tumors were located in the upper outer quadrants of the breast 

in 55.2% of the cases, on the upper quadrant border – in 10.3% of the cases, in the upper inner 

quadrant – in 7.6% of the cases, in the lower outer quadrant – in 8.3% of the cases, on the lower 

quadrant border – in 4.1% of the cases, in the lower inner quadrant – in 2% of the cases, on the outer 

quadrant border – in 6.2% of the cases, on the inner quadrant border – in 1.4% of the cases. Tumors 

had a central location in 4.8% of the cases. 
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Table 1. The incidence of breast cancer tumor 

Tumor localization in the breast  Absolute number % 

Upper outer quadrant 80 55.2 

Upper quadrant border 15 10.3 

Upper inner quadrant 11 7.6 

Lower outer quadrant 12 8.3 

Lower quadrant border 6 4.1 

Lower inner quadrant 3 2 

Inner quadrant border 2 1.4 

Outer quadrant border 9 6.2 

Central 7 4.8 

 

The comparison of the incidence of lesions in the upper and lower quadrants of the breast 

revealed that tumors affect the upper quadrants three times more frequently vs. the lower quadrants 

(Figure 4). 

 

 

Figure 4. The incidence of tumor in the upper and lower quadrants of the breast. 

 

Studying the peculiarities of metastatic lesions in the regional lymph nodes of the breast has 

allowed determining six types of regional metastatic spread (Table 2). 
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Table 2. Types of regional lymph node lesions in the breast 

Types of regional lymph node lesions Absolute number % 

1. Axillary, subscapular and subclavicular 

lymph nodes 

43 29.7 

2. Axillary and subclavicular lymph nodes 48 33.1 

3. Axillary and subscapular lymph nodes 15 10.3 

4. Subclavicular lymph nodes 4 2.8 

5. Axillary lymph nodes 33 22.8 

6. Subscapular lymph nodes 2 1.4 

 

When analyzing metastatic lesions in the regional lymph nodes, the authors noticed that both 

the subscapular and subclavicular lymph nodes had never been affected without metastases in the 

axillary lymph nodes. This fact suggests that breast-cancer-related lymphangitic metastasizing via the 

axillary path is primary, and this process advances in two directions: upwards – to the axillary and 

subclavicular lymph nodes, and downwards – to the axillary and subscapular lymph nodes. 

The authors determined the frequency of involving each group of the regional lymph nodes of 

the breast into this malignant process for different tumor localizations and found out that the axillary 

group was affected in 95.9% of the cases, the subclavicular group – in the 65.5% of the cases, and 

the subscapular group – in the 41.4% of the cases. Taking into account two directions of lymphangitic 

metastasizing (upwards and downwards) and the incidence of isolated metastases in the axillary 

lymph nodes (22.8% of the cases), subclavicular lymph nodes (2.8% of the cases) and subscapular 

lymph nodes (1.4% of the cases), the authors concluded that, in most cases, metastasis in the axillary 

lymph nodes is primary in case of breast cancer. The frequency of involving the regional lymph nodes 

into the malignant process is shown in Figure 5 and Table 3. 
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Figure 5. Combined and isolated lesions of regional lymph node groups caused by breast cancer. 

 

Table 3. Localization of breast cancer and metastases in regional lymph nodes 
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Isolated metastases in the subclavicular lymph nodes are observed in all the cases of centrally 

located breast tumors. Taking into account that the affection of the axillary lymph is primary, this 

observation testifies to the presence of independent lymph efflux from the central part of the breast 

specifically in the subclavicular lymph nodes. If tumors were located in the inner quadrants of the 

breast, the subclavicular lymph nodes were involved in the malignant process in 9% of the cases only. 

In this case (tumors in the inner quadrants), the subscapular lymph nodes were affected only 

simultaneously with the subclavicular and axillary lymph nodes (1.4% of the cases). No cases of 

isolated or paired metastases were found out (Figure 6). It means that if the tumor is located in the 

central part and inner quadrants of the breast, lymphangitic metastasizing advances upwards, towards 

the axillary and subclavicular lymph nodes, and the probability of metastases in the substernal lymph 

nodes is high. 
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Figure 6. Lesions of regional lymph node groups for different tumor localizations in the outer and inner 

quadrants of the breast. 

 

If tumors were located in the outer quadrants of the breast, metastases spread in the lymph 

nodes located along the axillary neurovascular bundle, towards the axillary lymph nodes. The 

incidence of paired metastatic lesions of the lymph node groups is as follows: the axillary and 

subclavicular lymph nodes are affected twice more often (22.8%) vs. the axillary and subscapular 

lymph nodes (9%). It suggests that, in most cases, metastasizing in the subscapular lymph nodes is 

secondary in case of breast cancer. Taking into account the presence of two opposite directions for 

the spread of metastases from breast tumors located in the outer quadrants (isolated axillary-

subscapular lesion), breast-conserving surgery can be performed without violating the principles of 

oncologic radicalism. On the contrary, if a tumor is located in the central part or inner quadrants of the 

breast and characterized by axillary-subclavicular metastases, surgical treatment should be enhanced 

with radiation therapy in the parasternal area or substernal lymph node dissection. 

The J.L. Madden radical modified breast-cancer-related mastectomy (1965) implies the 

removal of the breast with preservation of both pectoral muscles as well as total lymphadenectomy in 

the axillary cavity from the corresponding side (Figure 7). 
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Figure 7. Total lymph node dissection in the axillary area in case of the J.L. Madden mastectomy. 

 

When analyzing the axillary lymphadenectomy technique during the Madden mastectomy, the 

authors paid attention to the following: during the dissection of adipose tissue in the lateral part of the 

axillary vein, the adipose block is separated up to the broadest muscle of the back and proximal part 

of the shoulder. If this block contains all the lymph nodes from the lateral (brachial) group, lymph efflux 

from the upper extremity will be violated critically; a lymphatic limb edema will develop in the 

immediate postoperative period. Taking into account the distal (on the shoulder) location of the lateral 

group of the axillary lymph nodes and lymph dynamics of the entire axillary lymph node basin where 

lymph moves towards the supraclavicular lymph node, it is possible to conclude that the outer border 

of lymph node dissection in these cases can be the subscapular artery, without involving the shoulder 

but removing the posterior group of level I regional breast lymph nodes. The upper border should go 

along the anterior surface of the subclavicular vein, as the “signal” lymph nodes being closest to the 

tumor will be the lymph nodes that are located downwards from it, including the anterior group of the 

axillary lymph nodes that should be definitely removed. That is, following the ligation of vessels at the 

lateral edge of the smaller pectoral muscle, it is necessary to cut the fascia along the axillary 

neurovascular bundle, over the surface of the axillary vein up to the subscapular artery. Then it is 

necessary to separate the adipose tissue of the axillary area downwards from the vein and inwards 
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along the subscapular artery. It will allow saving the adipose tissue to the outside of the axillary vein 

and subscapular artery together with several lymph nodes from the central and outer groups and, 

consequently, preserving lymph efflux from the upper extremity and maximally reducing the risk of 

upper extremity lymphedema (Figure 8). 

 

 

Figure 8. The optimal lymph node dissection in the axillary cavity suggests the removal of the cellular tissue 

together with lymph nodes within the following boundaries: inwards from the subscapular artery, downwards from 

the axillary vein and to the outside of the lateral border of the smaller pectoral muscle, including the lymph nodes 

located along the subscapular and external mammary arteries: at the left – scheme; at the right – intraoperative 

image. 

 

Therefore, in the absence of ultrasound findings confirming breast-cancer-related metastatic 

lesions in the axillary lymph nodes, the optimal scope of lymphadenectomy to prevent 

postmastectomy upper extremity lymphedema without violating oncologic radicalism can be axillary 

lymph node dissection within the boundaries of the anterior surface of the axillary vein and 

subscapular artery, that is, the dissection of the entire zone of potential “signal” lymph node locations. 

The contemporary ideology of preventing upper extremity lymphedema after modified radical 

mastectomy does not imply performing the individual scope of axillary lymph node dissection for every 

patient. Determining the individual scope of axillary lymph node dissection is rather difficult, as the 

presence and syntopy of the axillary lymph nodes are extremely variable. In addition, it should 
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primarily ensure compliance with the key oncologic principle of safety – the radicalism of an 

operational manual. Many physicians still dream of the possibility of mapping the regional lymph 

nodes at the preoperative stage of breast cancer treatment. In the past decade, interest in mapping 

has increased thanks to the emergence of fluorescent lymphography based on the fluorescence of the 

lymphotropic dye indocyanine green (ICG) in infrared light. A photodynamic camera is used to detect 

fluorescence. This idea has become a basis for the authors’ development of new equipment for the 

differentiation of lymph efflux ways from the breast and upper extremity in case of breast cancer (T 1-

3, N 1-3, M 0). It is suggested to use this equipment to map the axillary lymph nodes from the breast 

and upper extremity at the stage of planning and performing the J.L. Madden et al radical mastectomy. 

The authors took the reverse lymphatic mapping method as a basis
[10]

. This technique utilizes a 

fluorescent substance and radioisotope. Using this method, the authors were able to develop the 

technology of collecting a lymphatic flap from the axillary cavity without violating lymph drainage from 

the upper extremity (iatrogenic lymphedema prevention). As opposed to the above-mentioned 

methods, this technology will utilize two fluorescent dyes. The injection region, depth and doses of 

fluorescent substances injected to map the lymph nodes of the breast and upper extremity were 

determined on the basis of the experience of the colleagues who had introduced reverse lymphatic 

mapping into clinical practice.  

Thus, now there are actual conditions for developing a domestic technology to prevent 

secondary upper extremity lymphedema after the J.L. Madden radical mastectomy. 

 

4. Conclusions 

1. The three-dimensional computer model of the presence and syntopy of the axillary 

lymph node groups gives grounds to challenge the indisputability of well-known data on the normal 

anatomy of lymph nodes that are used for clinical oncology practice. There are four more options for 

the topography of the axillary lymph nodes: a – the absence of the lateral group; b – the absence of 

the anterior lymph node group; c – the lateral lymph node group is located on the posterior surface of 

the shoulder; d – all the axillary lymph node groups (lateral, central, anterior, posterior) are 

concentrated at the top of the axillary cavity. 

2. Analyzing metastatic lesions in the regional lymph nodes allowed proposing an 

optimal scope of lymphadenectomy to prevent postmastectomy upper extremity lymphedema. This 
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scope can be limited to axillary lymph node dissection: inwards from the subscapular artery, 

downwards from the axillary vein and to the outside of the lateral border of the smaller pectoral 

muscle, including the lymph nodes located along the subscapular and external mammary arteries, i.e. 

the dissection of the entire zone of potential “signal” lymph node locations. 

3. The two-contrast fluorescent technique for mapping the axillary lymph nodes to 

differentiate lymph efflux ways from the breast and upper extremity will allow finding an optimal 

surgical solution to ensure the eradication of a tumor and preservation of lymph drainage from the 

upper extremity (iatrogenic lymphedema prevention). 
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Abstract 

The scope of the study is to evaluate the effectiveness of mesotherapy with progenitor stem 

cells of involutional skin changes in patients of different ages. 

Material and methods. 118 women aged 30 to 65 years with the 2nd and 3rd degree of facial 

skin involutional changes have been examined and treated with progenitor cell material from the 

human umbilical cord used to correct age-related changes. Elastometry, laser Doppler flowmetry, 

profilometry, and ultrasound were made in dynamics. 

Results. Positive effects from cell mesotherapy had been registered already in 14 days, 

reached their maximum after 30 days, and persisted for 3-6 months. An indicator of skin quality 

improvement was an increase in elasticity and turgor, as well as skin uniformity, improvement of facial 

color, increased microcirculation, and the decreased number and depth of wrinkles. 

 

Keywords: progenitor cells, stem cells, mesotherapy, fibroblasts, rejuvenation. 
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1. Introduction 

Aesthetic medicine is one of the most revolutionary medical specialties
[1], [2]

. It assimilates 

quickly enough, and in clinical practice it implements the achievements of basic science, advanced 

technological hardware developments and the newest surgical technologies aimed at correcting age-

related changes of skin system. But, despite the fact that purely surgical technologies can dramatically 

improve the appearance of a person
[3]

, the notion that these methods allow achieving a real 

rejuvenation of a skin system, especially among older persons, is unlikely to correspond to the current 

reality. At the same time, today the methods that substantially alter the traditional views about the 

possibilities of age-related changes’ correction are already available in clinical practice. 

The skin aging process is a multicomponent one
[4], [5], [6]

. One of the skin aging mechanisms is 

associated with a decrease in the number of young and mature fibroblasts
[7], [8], [9]

. Due to their large 

number in young skin, collagen fibers and glycosaminoglycan gel are constantly regenerated. With 

age, the regeneration of the intercellular substance of the dermis and collagen synthesis slows down, 

damaged collagen fibers accumulate, and the number of glycosaminoglycans is steadily decreasing. 

As a result, the skin loses moisture, its dermal layer diminishes, leading to a decrease in its elasticity - 

the skin is aging. Many researchers point to the accumulation of aging fibroblasts in the dermis with 

aging, which are stable in relation to both proliferative and proapoptotic signals. 

To stop the aging process and start regeneration programs, i.e. the true renewal and 

rejuvenation of the skin, it is necessary to activate fibroblasts, increase their functional activity and the 

possibility of collagen production. The use of cell technologies to correct age-related changes of facial 

tissues through the introduction of the own (autologous) or younger (allogenic) fibroblasts in the 

dermis is a promising trend in aesthetic medicine
[10], [11]

. 

The scope of the study is to evaluate the effectiveness of mesotherapy with progenitor stem 

fibroblasts of involutional skin changes in patients of different ages. 

 

2. Materials and Methods 

118 women aged 30 to 65 years (Me=51 years) participated in the study, where the progenitor 

cell material from human umbilical cord had been introduced to correct age-related changes. Upon 

entering the study, all patients had the 2nd or 3rd degree of manifestation of involuntary changes in 

the facial skin. The degree of involuntary changes depended on the age of the patients (Table 1). 
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Women over 40 years old had complaints about the severity of facial wrinkles in the paraorbital area 

most often. 

 

Table 1. The degree of severity of facial skin involutional changes in patients of different age groups 

Age by groups Degrees of Involutional Skin Changes Total (n) 

2nd degree* 3rd degree** 

30-40 years 24 (100%) 0 24 

41-50 years 38 (79.2%) 10 (20.8%) 48 

51-65 years 22 (47.8%) 24 (52.2%) 46 

*2nd degree of involutional changes - single or multiple group wrinkles with skin pinches covering the 

epidermis and dermis, wrinkles are not smoothed out with a calm facial expression, overhanging the skin of 

the upper and lower eyelids, moderate deformation of the face oval, sagging of the soft tissues below the 

edge of the lower jaw by 0.5-1.5 cm. 

**3rd degree of involutional changes - permanent deep single or multiple wrinkles extending to the entire skin 

in the form of chaotically located deep furrows, the presence of vertical wrinkles in the chin area, neck, 

doubling skin folds of the lower eyelids, severe deformation of the face oval, sagging of the soft tissues below 

the edge of the lower jaw by 1.5 cm and more. 

 

To correct the involutional changes in the facial skin, a culture of progenitor fibroblast-like 

umbilical cord cells (mesotherapy method) at a dose of 5 million cells per 5.0 ml was introduced 

intradermally. The injections of the cell culture were performed symmetrically on the left and right in 

the frontal and glabellar region, the region of the outer corner of the eye, the region of the cheekbones 

and cheeks, the nasolabial region, the region of the nose wings, and the muscles lowering the angle of 

the mouth. 

The parameters of the facial skin turgor and elasticity, microcirculation level, skin structure 

were evaluated using the following instrumental methods of investigation: elastometry, laser Doppler 

flowmetry, profilometry, and ultrasound. Research points were as follows: before mesotherapy, after 

14 days, 1 month, 3 months, 6 months.  

In order to identify the most problematic areas of the skin when entering the study and 14 days 

after the mesotherapy, an ultrasound scan of the facial skin was performed. The following parameters 
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were measured: skin uniformity in symmetrical facial points, density (echogenicity) of subcutaneous fat 

in symmetrical facial points, skin thickness. The skin relief (smoothness / roughness) was quantified 

by optical profilometry of the facial skin before mesotherapy, 14 days, 1 and 3 months after 

mesotherapy. Elastomer EM 25 (Courage Khazaka electronic GmbH, Germany) was used to measure 

suppleness (elasticity) before mesotherapy, 14 days, 3 and 6 months after the first mesotherapy 

procedure. Microcirculation of the skin was measured before mesotherapy, 14 days, 3 and 6 months 

thereafter using a single-channel BLF-21 laser Doppler flowmeter (Transonic System Inc, USA) with a 

surface sensor for 15-30 seconds at each point after stabilization of perfusion blood flow parameters.  

To standardize the measurement conditions by various instrumental methods, the studies 

were conducted under the same conditions: in the daytime; the measurements for all patients were 

performed in the sitting position and in the same zones (points). Indicators of instrumental studies 

were measured in 8 symmetrical regions on the right (points 1, 3, 5, 7) and on the left (points 2, 4, 6, 

8), namely, the center of the cheeks (points 1 and 2), the paraorbital region at the outer corner of the 

eyes (points 3 and 4), angle of mouth on the mandibular region (points 5 and 6), and forehead region 

(points 7 and 8). The above points were the mandatory places for the introduction of cellular material 

during mesotherapy. Measurements in each zone were carried out the required number of times in 

accordance with a specific technique, followed by calculating the arithmetic mean for each point.  

To make a more reliable assessment of the effectiveness of cell mesotherapy, 10 patients 

were subjected to histological evaluation of skin regeneration on day 30 after the introduction of 

a progenitor cell culture. 

Moreover, 14 and 30 days after the mesotherapy session during repeated visits, the patient's 

reaction to the procedure was assessed, the clinical evaluation of the result was performed based on 

the visual examination by a cosmetologist, and the subjective assessment of patients with regard to 

the procedures performed was analyzed. 

On the 1st, 14th and 30th day of the study, all 118 women (100%) were examined. Three 

months after the mesotherapy, 91 women (77.1%) attended an appointment. Long-term mesotherapy 

results (after 6 months) were established in 77 (65.3%) cases (38 women aged 41-50 years and 39 

women aged 51-65 years). 

The results of the study had been statistically processed using software SPSS 17.0 with the 

application of parametric and nonparametric criteria for assessing the statistical significance of the 
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differences. Differences were considered significant at p<0.05. Descriptive statistics of qualitative 

parameters were presented in the form of frequencies (abs, %), of quantitative ones – in the form of 

median (Me), lower (25%) and upper (75%) quartile when the parameter was far from the normal 

distribution function. Mann-Whitney test was used to compare two independent nonparametric 

samples, and the Wilcoxon test - to compare two dependent samples. Qualitative variables were 

compared using the χ2
 test (conjugacy tables analysis). 

 

3. Results 

The study has found that, according to elastometry data, after 14 days of mesotherapy, skin 

elasticity at various points increased by at least 5%, and by at most 74% compared with baseline. The 

greatest increase in skin elasticity on average by 63% was noted in the paraorbital region (points 3 

and 4). Changes in skin elasticity were different in patients in different age groups. In a subgroup of 

young patients after mesotherapy, the most pronounced increase in skin elasticity was noted (on 

average, by 12-65% at different measurement points). On average, skin elasticity indicators increased 

by 30% relative to baseline data. In the age group of 41-50 years, the increase in elasticity was less 

pronounced (by 10-38%), but more homogeneous, on average by 24%. A statistically significant 

increase in skin elasticity was noted in the paraorbital region (points 3-4). In patients of the older age 

group (51-65 years), the increase in skin elasticity was less pronounced, on average by 21%, and the 

greatest increase in skin elasticity in patients older than 50 years was also noted in the paraorbital 

region (Table 2). 
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Table 2. Skin elasticity before and 14 days after the treatment with the use of a cellular material in 

patients of different ages 

 30-40 years  41-50 years  51-65 years  

 Before 

mesotherapy 

14 days 

after 

Before 

mesotherapy 

14 days after Before 

mesotherapy 

14 days after 

1 43 [34; 49] 48 [40; 52] 37 [30; 43] 41 [34; 45] 36 [28; 41] 41 [33; 44] 

2 42 [35; 50] 61 [51; 68] * 40 [35; 47] 49 [39; 54] 35 [29; 42] 43 [37; 49] 

3 47 [39; 57] 67 [58; 73] * 37 [29; 44] 50 [43; 56] * 35 [27; 39]  51 [46; 60] * 

4 43 [36; 55] 71 [61; 80] * 39 [31; 47] 54 [47; 60] * 34 [24; 38] 50 [41; 57] * 

5 45 [37; 50] 59 [49; 65] 43 [36; 50] 56 [49; 59] 45 [31; 49] 55 [47; 59] 

6 49 [40; 58] 61 [54; 67] 47 [40; 55] 59 [53; 63] 42 [38; 50] 52 [50; 61] 

7 57 [51; 68] 70 [61; 74] 44 [38; 54] 58 [55; 64] * 39 [32; 45] 51 [47; 60] 

8 60 [54; 74] 78 [72; 86] 43 [37; 51] 56 [49; 60] 38 [31; 47] 50 [44; 54] 

Note: here and in Tables 3, 4 the data are presented in the form of a median and interquartile range - Me 

[lower quartile 25; upper quartile 75] 

* - difference in the indicators before and after a mesotherapy session at p<0.05 (Wilcoxon test) 

 

At a repeated examination of the patients 3 months after mesotherapy, it has been noted that 

the skin elasticity indices in the region of the cheeks (points 1, 2) and in the region of the mouth angles 

(points 5, 6) returned to the initial values. A significant increase in elasticity in the paraorbital region 

(points 3, 4) by 39-51% (p<0.05), and in the forehead region (points 7-8), on average by 15% was 

preserved. After 6 months, the elasticity of the skin when measured at most points had decreased and 

returned to the initial values, a significant increase in elasticity on average by 23% (p<0.05) had only 

been preserved in the paraorbital region at the outer corners of the eyes (points 3) (Figure 1). 
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Figure 1. Skin elasticity before treatment, 14 days and 6 months after the introduction of cellular 

material at different points of measurement 

 

The indicators of the perfusion skin blood flow, estimated with the help of laser Doppler 

flowmetry, had increased 14 days after the mesotherapy with the use of cellular material, and 

an increase in the volume capillary blood flow of the facial skin had been recorded at all points of the 

study. At the control examination, the volume capillary blood flow had increased almost at all the 

points in 3 months. Long-term results of mesotherapy, evaluated after 6 months through laser Doppler 

flowmetry in 77 women, have shown that the parameters of volumetric capillary blood flow reduced to 

the initial level. A significant increase in blood flow in this period after 6 months relative to baseline 

data had been noted only in the forehead region (points 7-8), with a difference from 2.7 to 3.3 

perfusion units (p<0.05) (Table 3). 
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Table 3. Parameters of perfusion skin blood flow in dynamics at different points of the face 

(ml/min/100 g) 

Measurement 

points 

Observation period  

before mesotherapy 14 days after 3 months after 6 months after 

1 7.5 [4.2-10.8] 8.2 [5.1-11.3] 8 [4.7-11.3] 7.2 [5.0-9.4] 

2 10.5 [5.9-15.1] 11 [10.1-11.9] 11.6 [10.7-12.5] 9.4 [8.6-10.2] 

3 7.6 [5.5-9.7] 8 [5.6-10.4] 8.8 [6.7-10.9] 6.7 [3.9-9.5] 

4 7.2 [4.6-9.8] 7.9 [5.8-10.0] 11.6 [10.3-12.9] 6.2 [4.3-8.1] 

5 6.5 [3.8-9.2] 7 [5.7-8.3] 5.9 [4.1-7.7] 7.3 [4.4-10.2] 

6 6.6 [6.0-7.2] 7.2 [4.9-9.5] 8.0 [7.2-8.8] 6.9 [6.1-7.7] 

7 6.3 [5.5-7.1] 7.9 [5.8-10.0]  7.3 [9.2-5.4] 9 [6.2-11.8] 

8 6.6 [4.7-8.5] 8.4 [6.3-10.5] 7.4 [6.5-8.3] 9.9 [7.8-12.0] 

 

When analyzing profilometry data, it has been revealed that after the mesotherapy with the 

use of cellular material, the roughness parameters in all three studied regions (paraorbital region, 

nasolabial fold, and forehead) had been significantly increased, which indicated a change in the skin 

microrelief, associated with the growth of cellular elements of the epidermis. The greatest changes 

had been noted in the paraorbital region on average from 558 to 621 in 1 month and up to 623 in 3 

months (Table 4). 

 

Table 4. Dynamics of profilometry parameters in three facial regions before and after mesotherapy 

with the use of a cellular material 

Face region Observation period 

before 

mesotherapy 

14 days after 1 months after 3 months after 

Paraorbital region (points 

3, 4) 

558 [532-584] 547 [525-569] 621 [601-641] 623 [600-646] 

Corners of the mouth 

(points 5, 6) 

620 [597-643] 627 [601-653] 639 [612-666] 658 [642-674] 

Forehead region (points 675 [657-693] 683 [662-704] 707 [688-726] 721 [704-738] 
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7, 8) 

 

According to the ultrasound scan, 49 (41.5%) of the examined women, mainly in older age 

groups, were found to have structural nonuniformity of the skin at different points of the face; and 73 

(61.9%) of women reported increased echogenicity of subcutaneous fat, which was a sign of 

heterogeneity of the facial soft tissues and the formation of cellulite. The thickness of the skin ranged 

from 5 to 8 mm in different age groups and was associated with the type of skin. The large thickness 

of the skin corresponded to the "fatty" type of skin, in these women, the foreign changes were less 

pronounced. The smallest thickness of the skin was more common in patients with "dry" atrophic skin 

and was combined with more pronounced involutional changes. When evaluating the structure of the 

facial soft tissues using ultrasound after mesotherapy with the use of cellular material, skin 

heterogeneity had decreased almost 2 times at various points of the face and the echogenicity of the 

subcutaneous fat had also decreased almost 2 times in patients older than 40 years. 

In the morphological study of the biopsy material after the mesotherapy with umbilical cord 

cells, an increase in the number of functionally active and young fibroblasts had been noted. The 

electron microscopic examination showed that collagen fibrils of various diameters appeared in the 

tissues of patients after mesotherapy. The thinnest collagen fibrils were located in close proximity to 

the fibroblast cell membrane, which indicated the continued growth and incompleteness of 

fibrillogenesis.  

Analysis of the subjective assessment of patients with regard to the procedures performed has 

shown that after the first procedure on day 14 of the study, the result was found to be excellent by 54 

(45.8%) women, good - by 28 (23.7%), and weak and unsatisfactory - by 36 (30.5 %). At the same 

time, a statistically significant difference in this indicator had been registered in the age groups 

(p<0.05): in young patients (up to 40 years) the "excellent result" (66.7%) was the prevailing response, 

the elderly patients (over 50 years) reported a weak effect (30.5%) (Table 5). 
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Table 5. Subjective assessment of treatment results 14 days after mesotherapy with the use of a 

cellular material in women of different ages (n = 118, p<0.001) 

Age  Excellent  Good Weak / absent 

30-40 years (n = 24) 16 (66.7%) 6 (25.0%) 2 (8.3%) 

41-50 years (n = 48) 28 (58.3%) 5 (10.4%) 15 (31.3%) 

51-65 years (n = 46) 10 (21.7%) 17 (37.0%) 19 (41.3%) 

Total 54 (45.8%) 28 (23.7%) 36 (30.5%) 

 

In patients aged over 50 years, the involutionary skin changes were most pronounced. 

Perhaps that is why the excellent and good effect from the first procedure had been obtained only in 

57% of the cases although there was a clear trend towards the improvement of the skin condition. In 

addition, half of the women who found the effect to be unsatisfactory after 1 mesotherapy procedure 

had a dry (atrophic) skin type.  

30 days after, on the second visit, 90.6% of patients noted that their complexion improved (its 

brightening has been visually observed), which could be explained by an improvement in the 

microcirculation of the facial skin, which was consistent with the data of laser Doppler flowmetry. In 

80.5% of cases small wrinkles and creases disappeared, in 71.2% - the face oval changed (it became 

more "tightened"). Simultaneously, an increase in skin elasticity, thickening and uniformity of the skin, 

a decrease in the depth of wrinkles was noted in patients. Thus, most women of different ages were 

satisfied with the results of the first in their life application of progenitor stem cells. 

No adverse events were reported. 

 

4. Discussion 

The study has shown that intradermal introduction of the culture of progenitor fibroblast-like 

cells of the human umbilical cord by mesotherapy method with a dose of 5 million cells per 5.0 ml of 

physiological solution leads to an increase in the uniformity of the facial skin with a decrease in the 

echogenicity of subcutaneous fat, improved relief, microcirculation and elasticity 14 days after the 

mesotherapy session, with the maximum effect being observed for 30 days. The greatest effect has 
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been recorded in the paraorbital region, which proves the necessity of using this method in 

the correction of facial wrinkles since it is the paraorbital region that is one of the most frequent sites of 

their localization with the progression of involutional changes in the state of the skin system. The effect 

of revitalization is associated with stimulation of the dermal fibroblasts, but the effect persisted for 3-6 

months. 

It is important to note that the degree and speed of the onset of clinical effect during 

progenitor-cells mesotherapy depended on the initial state of the patient's skin. Consequently, the 

clinical effectiveness of the method can be increased by increasing the dosage of the cellular 

preparation or the frequency of its administration. In case of a significant decrease in skin tone and the 

presence of severe facial deformation in patients older than 50 with the 3rd degree of involutional 

changes in the face skin, as well as in situations where there is no expected clinical effect, the method 

may be recommended with the use of cellular material at a dose of 5.0 × 10
6
 in 5.0 ml of physiological 

solution 3 times every 30 days. In the absence of severe facial deformation of the face oval and 

normal skin tone, a single mesotherapy session with the use of cellular material at a dose of 2 × 10
6
 in 

5.0 ml of saline can be recommended. However, all these recommendations require clinical trials. 

 

5. Conclusion 

Thus, based on the data presented, the following conclusions can be drawn: the proposed 

technology for treating age-related changes in the facial skin by mesotherapy with the use of 

progenitor fibroblast-like stem cells isolated from the human umbilical cord has a pronounced clinical 

effect that is manifested in improving the quality of the skin, both subjectively and objectively. 

Improving the quality of the skin is expressed in improving the complexion, increasing the elasticity 

and turgor, as well as the uniformity of the skin, its microcirculation, reducing the number and depth of 

wrinkles. All these indicators are important characteristics of the effectiveness of cosmetic 

manipulations in aesthetic medicine. 

Therefore, in patients of the older age group, in order to correct the involutional changes in the 

face when it is impossible to perform the surgery or the patient refuses the operation, and in 

the presence of severe clinical-instrumental-laboratory symptoms of a decrease in tissue perfusion, an 

alternative method of correcting age-related changes in the facial skin may be the intradermal 

administration of stem cells, containing fibroblasts, with the use of which a visible effect is achieved 
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after the first session, and the stimulation of dermal fibroblasts and skin revitalization take place during 

1-3 months. 
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Abstract: The relevance of the research is determined by the necessity to find new ways of 

musical development of children with disabilities. The purpose of the paper is to present 

experimental work proving the effectiveness of the developed and tested technique of music 

education by means of digital technologies in the development of children with mild intellectual 

disabilities (hereinafter, children with disabilities). 

The experiment on the musical development of children with disabilities, presented in the 

paper, was based on a set of methods. Theoretical and empirical research methods were applied, 

including generalization of the advanced pedagogical experience of teaching and development of 

children with disabilities, modeling of the educational process, interviewing, questioning, testing, 

pedagogical observation, pedagogical experiment, the method of creative tasks, quantitative and 

qualitative analysis of diagnostic data, content analysis of students' answers. A set of techniques 

developed by the author was applied for diagnosing the musical development of children with 

disabilities, including the diagnostics of emotionality, perception, attention and memory, as well 

as identifying the criteria for evaluation of a musical product created by children with disabilities 

in the process of music lessons using digital technologies. 

The paper substantiates the development of children with disabilities in the process of 

music lessons using digital technologies, starting with the first steps, which allows achieving 

positive results in the development of both special musical and general abilities of children with 

disabilities. As a result of the experiment, it was found that music classes contribute to the 

emotional development of children with disabilities, improving their perception, attention and 

memory. 

The paper is of practical value for teachers, scientists, graduate students, all those 

interested in inclusive education. 

 

Keywords: inclusion, children with disabilities, musical development, digital technologies, 

creativity. 

 

I. INTRODUCTION 
 

The national policy in Russia is aimed to ensure that persons with disabilities have equal 

opportunities with other people in the realization of the civil, economic, political and other rights 

and freedoms, provided by the Constitution of the Russian Federation, as well as a number of 
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Federal Laws, which are in accordance with generally recognized principles and norms of 

international law and international treaties of the Russian Federation. This has affected the 

activities of educational organizations that chosen social rehabilitation and integration of 

children with disabilities as their priority. In working with children with disabilities, the 

specialists pay great attention to the formation of their students’ psychical functions, cognitive 

activity and socialization in modern society. Music lessons can contribute to the fruitful 

development of children with disabilities. It is important to find ways to competently conduct 

lessons to activate thinking processes, productive activity and emotional spheres of children with 

mild intellectual disabilities. 

The state scope of the problem is emphasized by thr large number of scientific studies that 

consider the problems of development of children with intellectual disabilities from a perspective 

of psychology (Galkin, 2018; Voinova et al., 2016; Vygotsky, 1995; 1983; Morgacheva, 2016; 

Kolmogorova & Buikov, 2013; Rubinstein, 1986; Tkach & Trachuk, 2016; Khvastunova, 2015; 

Shapovalova, 2017; Kawa, 2015; McPherson, Davidson, & Faulkner, 2012; Montague, 2018; 

Sanaei, 2017; Bandla, Purini & Kukati, 2013). 

A large number of publications on inclusive education, constantly appearing in our days, 

indicate an increase in interest in scientific and practical developments in this field (Afonkina & 

Kuzmicheva, 2018; Babkina, 2018; Bogdanova, Guseynova & Nazarova, 2018; Borodina, 

Reznikova & Tsylicki, 2018; Karynbaeva, 2018; Kryzhanovskaya et al., 2018; Ponikarova, 

2018; Dittmann, 2018; Gajewski & Forlin, 2017; Dillip & Ashish, 2015). 

The issues of children's musical development, including musical development based on 

digital technologies, are on a significant rise in pedagogy (Akishina, 2018; Krasilnikov, 2007; 

Cox, 2018; Filatov-Beckman, 2015; Hargreaves, 2017; Huber & Runstein, 2018; Joiner, 2015; 

McCord, 2017; Parncutt & McPherson, 2002; Randles, 2015). 

At the same time, the problem of musical development of children with disabilities using 

digital technology has emerged relatively recently, which explains the lack of research on the 

matter. In this regard, it seems timely to conduct an experiment, the purpose of which would be 

the development and testing a musical educational technique for the development of children 

with mild intellectual disabilities based on the use of digital technologies. 

The hypothesis of the study is as follows: the musical development of children with 

disabilities will be efficient if principles and methods of pedagogical guidance are developed 

based on the interaction of traditional ways of teaching music, including singing, listening and 

moving to music, and digital technologies, such as music design programs. 

Tasks: 

1. To analyze psychological, inclusive, pedagogical, musicological literature to identify 

promising ways of musical development of children with disabilities. 

2. To develop the content of the musical development technique for children with disabilities on 

the basis of digital technologies. 

3. To determine the criteria and levels of musical development of children with disabilities. 

4. To identify the criteria for evaluation of a musical product created by children with disabilities 

with the use of digital technologies. 

5. To experimentally test the efficiency of the musical development technique for children with 

disabilities based on digital technologies. 

The assignment approach in education (Vygotsky, 1983; Davydov, 1986; Leontiev, 2004; 

Elkonin, 1974) and the concepts of integrated education of children with disabilities (Konopleva 

& Leshchinskaya, 2003; Malofeev, 2018; Ulenkova & Lebedev, 2011; Selivanova, 2018) formed 

the methodological basis of the research. 

https://www.amazon.com/s/ref=dp_byline_sr_book_2?ie=UTF8&text=Robert+E.+Runstein&search-alias=books&field-author=Robert+E.+Runstein&sort=relevancerank
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Theoretical and empirical research methods were applied. The theoretical methods 

included the analysis of psychological, pedagogical, musicological literature, works on inclusive 

education, conducted in order to determine the degree of development of the problem, 

generalization of advanced pedagogical experience of teaching and development of children with 

disabilities, modeling of the educational process. 

The empirical methods were represented by interviewing, questioning, testing, 

pedagogical observation, pedagogical experiment, the method of creative tasks, quantitative and 

qualitative analysis of diagnostic data, their generalization and systematization, content analysis 

of students' answers. A set of techniques developed by the author was applied for diagnosing the 

musical development of children with disabilities, including the diagnostics of emotionality, 

perception, attention and memory. The author also identified the criteria for evaluation of a 

musical product created by children with disabilities in the process of music lessons using digital 

technologies. 

The theoretical significance of the study consists in the following: 

– the generalization of the leading methodological approaches to the musical development 

of children with disabilities;  

– the analysis of a set of questions related to the problems of development of children with 

disabilities at the present stage; 

– the preparation of the program for music lessons for children with disabilities using 

digital technology; 

– the development of the content of the musical development technique for children with 

disabilities based on digital technology; 

– the substantiation of the peculiarities of music development of children with disabilities 

on the basis of digital technologies; 

– the establishment of levels of mental components subject to the greatest development in 

the process of music lessons based on digital technologies; 

– the identification of the criteria for the evaluation of musical product created by children 

with disabilities;  

– the proved efficiency of application of the development technique for children with 

disabilities on the basis of digital technologies following the results of experimental work. 

The practical significance consists in the focus of the study on the general and musical 

development of children with disabilities. The ways of musical development of children with 

disabilities were developed and practically tested in the process of exploration and application of 

digital technologies. The methods and techniques of development of children with disabilities 

were identified and pedagogically justified. 

 

II. MATERIALS AND METHODS 

 

In order to test the efficiency of the developed technique, an experiment was conducted on 

the basis of Children's Music School named after V.Ya. Shebalin. The experiment lasted three 

years. It involved the students of Orphanage for Mentally Challenged Students No. 8. Lessons at 

music school were attended by three groups of children with mild intellectual disabilities of 9-12 

years, 6 people in each group. At the beginning of the experiment, the levels of development of 

the emotional sphere, perception, attention, memory were tested in the children attending the 

music classes. For this purpose, the author developed a set of techniques for diagnosing the 

development of mentally challenged children, including the study of emotionality, perception, 

attention, and memory. 
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The diagnostics were carried out individually with each child. To test the emotionality, a 

student was offered to move to the music performed on the piano by the teacher, in which 

different elements of musical expressiveness change: the tempo, from fast to slow, the meter, 

from bipartite to triple, the register, from low to high and average, the dynamics, from loud to 

quiet. The teacher diagnosed the child's reaction to the music, recognizing the adequacy of 

emotions by facial expression, motor activity and mood elevation and differentiated it from 

emotional expressiveness to the lack of emotions and indifference. 

The diagnostics of perception was based on four techniques: 

1. Presentation technique. A child is supposed to match the sounding music to the 

appropriate situation. Several situations are suggested: a) “The rabbit got lost and is shivering 

under a bush in the forest”; b) “On a summer day we are going to have fun near the river”; a) the 

reduced introductory seventh chord texture is performed on the piano in different combinations 

in the low register; b) joyful marching music with fanfare intonations is performed in the 

developed chord texture with wide coverage of all registers of the piano sounds. 

2. Technique “Recognition of familiar sounds”: rustling leaves, the noise of the street 

(voices of people passing by, sounds of car motors, claps, steps on the wooden floor, a spoon 

touching a glass and a plate, knocking on the door, the sound of an opening window. 

3. Technique “Timbre distinction”. Children are introduced to the sound of the violin, 

piano, trumpet and electroacoustic music. They are offered the following task: to determine 

whether they hear an electroacoustic sound or violin (piano, trumpet). 

4. Technique “Verbalization of spatial-sound relationships”. The children are suggested to 

listen to the music performed on the piano and determine what they heard (a lot of sounds or a 

single sound), what registers were alternated and in what order, what was played (a chord, 

interval and repetition of the same sound). 

The diagnosis of attention tested the auditory attention: 

1. The students were asked to identify similar musical or noise sounds by ear. 

2. The students were asked to raise their hand when they hear that the sound of the piano 

was replaced with the tambourine. 

The memory diagnostics included testing of auditory memory: 

1. A child repeated the melody sung by the experimenter with a neutral syllable (lyo-lyo), 

lasting one or two bars. 

2. A student repeated a short melody with the text sung by the experimenter. 

3. A student repeated the melody played by the experimenter on the piano or synthesizer, 

consisting of one or two bars, by using a neutral syllable (lyo-lyo). 

At the beginning of the experiment, children showed a low and average level of 

development of emotionality, perception, attention and memory. The diagnostics of emotionality 

revealed a neutral relation and indifference to what was happening: the children did not move or 

made passive gestures to the music. 

The perception diagnostics revealed the following. According to the first technique of 

presentation, the children found it difficult to match the sounding music to the appropriate 

situation. The second technique revealed a rare recognition of familiar sounds. The third 

technique demonstrated the complete impossibility of timbre distinction. The fourth technique 

showed the rare definition of spatial-sound relations or the complete lack of it. 

The diagnostics of attention revealed the weak or unstable voluntary and involuntary 

attention. The memory diagnostics demonstrated mainly low level of auditory memory: the 

children had difficulties finishing a song, falsely repeated the melody sung by the experimenter 

using a neutral syllable (lyo-lyo), consisting of one or two bars, incorrectly repeated the short 

melody sung by the experimenter using the text of a couplet, without being able to remember 
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either the melody or the text. None of the children could sing the melody played by the 

experimenter on the piano or synthesizer, consisting of one or two bars. Moreover, some children 

were responded with silence, others did not try to sing but pronounced neutral syllables with. 

The results of the diagnostics of development of the children with disabilities including 

the research of emotionality, perception, attention and memory are presented in Table 1. 

 

Table 1: The initial level of development of children with disabilities 

 

Criteria Levels 

Low 

 

Average High 

Emotionality 75 25 - 

Perception 86 14 - 

Attention 83 17 - 

Memory 91 9 - 

 

On the basis of the results obtained, during the primary diagnosis, the technique for 

musical development of children with disabilities using digital technologies was developed. The 

technique was based on traditional musical forms of work and the ones based on digital 

technologies. The traditional forms of work were represented by ensemble singing, listening and 

moving to music. 

The application of digital technologies stipulated the creation of a musical product by 

children in the computer program Nano Studio, which required learning certain technical 

operations and familiarity with the initial concepts of music theory. 

Thee Nano Studio program contains about a hundred different sound timbres and effects. A 

number of timbre sounds can be performed on a virtual keyboard. In addition, the data bank 

contains rhythm tones of various percussion instruments. 

The teacher started teaching the students about the program by familiarizing them with the 

sound tones: the children attentively listened to them, matched them to an associative story of a 

fairy tale or fantastic nature, the main characters of which were children of the same age as the 

students. The favorite tones were recorded by the teacher using the virtual keyboard in the form 

of sample melodies, so that on their basis, in the future, it would be possible to create music, 

which would be based on one or another timbre tale. In addition, musical samples for texture-

harmonic background included in the data bank of the program were recorded. Thus, a variety of 

samples – melodic, harmonic and rhythmic, graphically represented by blocks, which the 

children could rearrange in order to create a musical product, were obtained. The students were 

supposed to master the technical operations related to the work with the sample blocks to be able 

to adjust their size, combine, copy, rearrange, delete them according to the task. 

In addition to the technical skills of working in a computer program, the children had to 

acquire knowledge in the field of music theory. The integration of technical skills and the music 

theory knowledge allowed them to not just rearrange the colored sounding sample blocks to 

create a colorful tapestry but also to try and find a solution to an artistic musical problem. The 

knowledge in the field of music theory included primary acquaintance with such terms as chord, 

bass, melody, fast or slow tempo, rhythm, as well as the specifics of creating musical 

compositions, features of the initial, middle, final construction, contrasting comparisons and 

repetitions of musical material. 

To create the final composition, the children were supposed to do variations on the 

principle of soprano ostinato to a two-stroke melody recorded by the teacher and repeated using 
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the loop option. They were supposed to add to the ostinate melody the sample blocks with tones 

and rhythms to obtain a new texture, harmony, melody, dynamics, tempo, rhythm, taking into 

account the acquired knowledge about the composition of music. 

Evaluation of a musical product created by the students on the basis of digital technologies 

required the identification and development of criteria adequate to their opportunities. In the 

performance of this task, the data by L.S. Vygotsky and S.Ya. Rubinstein were used, involving 

three criteria for assessing the mental development of a child: susceptibility to help, the ability 

for logical transfer (L.S. Vygotsky), indicative activity (S.Ya. Rubinstein). In this regard, the 

ability of children to reproduce was taken into account: the repetition of the learned material, the 

reproduction of the actions learned in the study process and the ability to work according to an 

example. Thus, the criteria for evaluation of works performed by children with disabilities on the 

basis of digital technologies are presented in Figure 1. 
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Figure 1: Criteria and levels of evaluation of works created by children with disabilities on the 

basis of digital technologies 

 

III. RESULTS 

 

As a result of the experiment, the levels of development of the emotional sphere, 

perception, attention, memory of the students, who attended the music lesson during the school 

year for three years, were checked again with the use of the same set of diagnostics that was used 

at the beginning of the experiment. The result of the experiment is presented in Table 2. 
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Table 2: The final level of development of children with disabilities 

 

Criteria Levels 

Low 

 

Average High  

Emotionality 65 35 - 

Perception 80 20 - 

Attention 77 23 - 

Memory 87 14 - 

 

As can be seen from Table 2, despite the fact that none of the students reached the high 

level of development, the final diagnostics showed an increase in all the studied indicators. The 

highest value was observed in the indicator "emotionality". 

The result of identifying the criteria for evaluation of a musical product created by 

children with disabilities with the use of digital technologies, revealed a predominantly low and 

average level of reproductive abilities of students, as shown in Figure 2. 

 
Figure 2: The result of identifying the evaluation criteria for a musical product created by 

children with disabilities 

 

As it can be seen from Diagram 1, 53% of the children showed a low level of reproductive 

abilities in creating a musical product based on digital technologies, using familiar technical 

means without correlating them with an artistic image. 61% of the students did not take into 

account the integrity and completeness of the form of a musical product. 

47% of the children demonstrated an average level of reproductive abilities in creating a 

musical product, using technical means that poorly corresponded to the intended artistic image. 

39% of the students partially sustained the integrity and completeness of the musical form, 

fulfilling only the conditions of the introductory material, which did not receive development 

and completion in the process of sounding the created sample. 

The high level of reproductive ability wasn’t shown by any of the children who took part in 

the experiment. Moreover, nobody one showed initiative in creating an artistic image, technical 

expansion of its characteristic properties, creative desire for further improvement of the resulting 

musical product and the complication of the tasks assigned. 

 

IV. DISCUSSION 
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At the beginning of the experiment, the children demonstrated a developmental delay of 

psychological functions and skills. In the process of musical interaction, a number of indicators 

increased. Learning the song, in which special attention was paid to the purity of intonation and 

phonetic quality of pronunciation, significantly improved the speech of the students, made it 

more clear and expressive and increased their vocabulary. 

The acquired theoretical knowledge and practical skills of composing music contributed to 

the improvement of spatial orientation. By working on the composition of a musical piece, 

shaping it, the children learned to perform more accurately in everyday situations. It was noticed 

that they began to understand the arrangement of the place where they stayed more correctly. 

By encouraging children to develop an awareness of the objective time of the material 

world, music lessons shape the feeling and understanding of it. By working such time parameters 

as tempo, meter, rhythm, functional parts of the musical composition, the students were able to 

compare the uniformity and duration, continuity and discontinuity of the musical and life 

phenomena taking place. 

Music lessons, influencing greatly the emotional sphere of the students involved in the 

performance process, significantly enriched it with new feelings and positive colors of interest, 

joy, tranquility. The powerful emotional impact of music on a person explains the qualitative 

change in this particular area of the psyche of children with mild intellectual disabilities during 

the experiment. 

Music lessons train voluntary attention, more and more stimulating focus on one object in 

terms of time. It was found that by the end of the experiment, the short attention span of the 

children began to increase. 

The greatest difficulties in the process of music lessons were related to the development of 

memory. At the beginning of the experiment, the students’ memory was characterized by 

involuntariness and small volume, which manifested in difficulties in learning a short song, not 

to mention learning one or two verses and the chorus of a song. By choosing songs with bright 

and imaginative content and of optimistic and cheerful nature, it was possible to create a 

memorable story associated with the situations that were relevant to the children. Over the last 

year of the experiment, the participants of the study managed to learn two songs, which were 

performed by them independently. At the same time, nobody could recite the poem learned by 

heart during the school year. No matter how insignificant, the progress in the development of 

emotionality, perception, attention, memory, initial reproductive abilities education confirmed 

the effectiveness of the musical development technique for children with mild intellectual 

disabilities based on digital technologies and allowed to outline further steps for its 

implementation. In this regard, it seems appropriate to pay attention to the improvement of 

special musical abilities: development of purity of song intonation, accuracy of rhythmic and 

metric awareness, expansion of reproductive and creative abilities of students on the basis of 

digital technologies. 

 

V. CONCLUSION 

 

As a result of the study, which involved the analysis of psychological, inclusive, 

pedagogical, musicological literature aimed at identifying promising ways of musical 

development of children with disabilities, it was possible to create the content of a musical 

development technique for children with mild intellectual disabilities based on digital 

technologies in order to determine the criteria and levels of musical development of children 

with disabilities, to identify the criteria for evaluation of their musical product created with the 

use of digital technologies, to experimentally test the effectiveness of the technique. 
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During the experiment, the hypothesis of the study, concerning the dependence of the 

development of children with disabilities on the developed principles and methods of 

pedagogical guidance, based on the interaction of traditional methods of teaching music, 

including singing, listening and moving to music, and digital technologies, such as music design 

programs, was confirmed. 

The effectiveness of the technique was experimentally proved. During the experiment, it 

was proved that a musical development technique for children with disabilities should take into 

account their peculiarities and include the basics of correctional orientation, including slow pace 

of learning, low dosage of educational material, increased attention to such general didactic 

principles as accessibility and revision of the previously covered material. The development of 

special, in this case, musical abilities of children with disabilities is a way of their overall 

psychic and intellectual development that brings children joy and reveals their creative potential, 

allowing them to discover their own effectiveness and providing interest in learning activities. 

The effectiveness of the technique was confirmed, which was the purpose of the study. 
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Abstract. Stemmacantha serratuloides (Georgi) M. Dittrich is a rare and protected plant in the 

Saratov region with the 1 (E) status, i.e. a species under the threat of extinction. Studies have shown 

that in the Balashovo municipality of the Saratov region this plant has a narrow ecological amplitude, 

is subjected to the anthropogenic impact; the coenopopulations are isolated from each other. The 

floristic neighborhood contains 8 – 10 types, which are demanding to moisture, soil fertility, and light. 

The main dominants in both coenopopulations are Bromopsis riparia (Rehmann) Holub and Elytrigia 

repens (L.) Nevski. The ontogenetic spectrum in CP 1 is right-sided, in CP 2 — centered. CP 1 is 

dominated by generative bions, CP 2 — by virginile bions. According to the classification of L. A. 

Zhivotovsky, both populations belong to the old type. Protection measures should include the 

following: studying the biology, ecology, geography of the species in the region, the state of 

populations, the age structure in dynamics; and economic activities in the habitats of the species are 

to be prohibited to monitor the recreational burden. 

 

Keywords: Stemmacantha serratuloides (Georgi) M. Dittrich, flood meadow, coenopopulations, 

floristic environment, ontogenetic spectra.  
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1 Introduction 

The relevance of the topic is due to the disruption of the natural habitat of the meadow-and-

steppe plants and reduction of the natural stock of medicinal plants, as well as due to the necessity of 

their rational use. Practical use of plant resources should come from science-based predictions of 

species stability in phytocoenoses, and should ensure restoration of their natural populations
[1]

. The 

distribution and the habitat are studied for researching the particularities of vegetation of 

Stemmacantha serratuloides (Georgi) M. Dittrich, identifying favorable conditions for vegetation, and 

studying the related species
[2]

.  

S. serratuloides is a perennial short-rooted herb of the Asteraceae family. It flowers in late 

May – June, brings fruit in June – August. It propagates itself by seeds and vegetatively. It is an 

obligate salt-releasing halophyte, psammophyte, heliophyte, hygrophyte. It grows in saline habitats in 

the floodplains and is a steppe endemic species with a disjunctive area. It is found in Europe — in the 

west (east of Romania), in the east (Moldova, southern Ukraine), in Central Asia — Northern 

Kazakhstan, in Russia — Lower Don, Lower Volga, the Trans-Volga Region. It is also found in the 

south of Western Siberia, North Caucasus (Stavropol and Krasnodar territory). 

It is listed in the Red Book of the Saratov region as a rare species of the flora with category of 

rarity 1. The plant is listed in the Red Books of the Voronezh, the Kurgan, the Omsk, the Tyumen 

regions, and the Altai, the Krasnodar, and the Stavropol territories. It is also listed in the red Books of 

the Republics of Bashkortostan and Kalmykia
[3]

. 

The limiting factors include natural low density of the populations, regular mowing, grazing, 

waterlogging of floodplain meadows, ameliorative measures to improve the salinized soils in the 

floodplains, and ploughing, The species disappears quickly under anthropogenic load. The achenes 

are quite often damaged by insects. It has been introduced in the Botanical gardens of Omsk and the 

Kuban State University
[4]

. 

S. serratuloides has importance as a medicinal resource, and belongs to adaptogenic plants. 

Ecdysteroids (similar to synthetic anabolics) and flavonoids that have antioxidant, immunostimulating 

and hepatoprotective effect were found in the roots. The grass and the roots contain ascorbic acid, 

alkaloids, coumarins, tannins, inulin, calcium oxalate, salts of phosphoric acids, resins and essential 

oil. Unlike Rhaponticum carthamoides, the chemical composition of the species has not been carefully 
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studied. Folk medicine uses the roots, and less — the grass as an immunomodulator, for asthenic 

conditions, depression, erectile dysfunction, and for the chronic fatigue syndrome
[5]

. 

 

2 Materials and Methods 

The research was performed during the vegetation periods of 2016 – 2017 in the Balashovo 

municipality of the Saratov region (the Eastern part of the Oka-Don plain). The area of the research is 

in the zone of steppes with rich mixed-herb – fescue – feather grass. 

Populations of S. serratuloides have been found on long inundated meadows in the floodplain 

of the Melik river. CP 1 is located 2 km to the southeast of the Kliuchi village (N. 51
°
39',796," E 

43
°
16',611'', at the altitude above the sea level of 113 meters). The surroundings of CP 1 are the 

following: the Melik river to the south, a terrace above the floodplain to the north, a belt of floodplain 

oak forest to the west, a bridge over the Melik river, and a dirt road to the east. The CP 2 is located 

3.5 km to the west from the Kluchi village (N. 51
°
39'647", E 43

°
20'711'', at the altitude above the sea 

level of 142 meters). The surroundings of CP 2 are the following: the Kliuchi village to the south, 

willow thickets to the north, an active farm to the east, the Melik river to the west. The terrain of the 

meadows is plain, with prevailing west and south-west winds. The meadows at CP 1 remain flooded 

from April 4 through June 9; at CP 2 — from March 25 through May 20. The meadows are used for 

intermediate grazing and hay mowing. 

Commonly adopted methods of geobotanical descriptions were used in the work. For 

obtaining the phytocenotic characteristics, 15 experimental plots 10 m
2
 each were laid in a random 

order. The abundance of the species was expressed on the 6-point scale of Braun-Blanquet. Specific 

names are given according to S. K. Cherepanov
[6]

. The similarity of two populations of S. 

Serratuloides in the species composition was determined by Jaccard
[7]

. In the definition of ontogenetic 

states, periodization of ontogenesis proposed by T. A. by Rabotnov
[8]

, further refined by A. A. 

Uranov
[9]

 and his students was adopted. Experimental plots 1 m
2
 each were laid by the random-

regular method in every studied coenopopulation for studying the ontogenetic structure. All bions 

were counted, and all age states were noted. In analyzing the age structure of coenopopulations, 

indices of recovery (Ir), generativity (Igener), substitution (Isub), age (Δ), and efficiency (ω) were 

calculated. The type of coenopopulation was determined according to the classification of T. A. 
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Rabotnov, and based on the joint use of the age and efficiency criteria— "delta-omega" of L. A. 

Zhivotovsky
[10]

. 

 

3 Results and Discussion 

The morphological description of the studied species has shown that plant height in CP 1 

ranged between 42.5 and 80.6 cm; in CP 2 — between 44.2 and 125.2 cm. The stem of S. 

serratuloides is hollow, weblike, not brachigerous. The leaves are alternate, elliptic-shaped, pointed, 

weblike on the bottom. The bottom leaves are petiolate, pinnate-apocarpous at the base, toothed at 

the edge; and the upper leaves — sessile, whole, finely toothed. In the plants higher than 80 cm, the 

length of the lower leaves was 29 ± 5.4 cm, the width — 13 ± 2.5 cm. The calathides are 

homogamous, single, large, many-flowered, spherical (the diameter was up to 7.20 ± 1.42 cm). The 

outer folioles of the spathe are short ulotrichous, leathery. Accessory buds are ovate, torn at the edge. 

The middle folioles of the spathe are cochleariform with tapered tips, rigid, scarious, with a 

bright brown stripe in the middle; accessory buds of the inner leaves are narrow, with long hairs. The 

corolla is violet-purple-pink, its length reached 2.91 ± 0.45 cm. The fruits are glabrous achenes with a 

distichous creamy floccus. The floccus is almost 2 times longer than the achene, the feathers consist 

of plumose hairs. 

The floristic surroundings of S. serratuloides in CP 1 are represented by 10 species from 7 

families and 9 genera (Table 1), of which 2 species are shrubs, the other species are of perennials. 

The absolute dominants are – B. riparia and E. repens.  

On ecological scales, the plants were distributed as follows: mesophytes – 5 species, 

hygrophytes – 3 species, transitional forms (mesohygrophytes) – 2 species. Seven species show 

increased requirements for the nutritional soil regime, and all 10 species are heliophytes. 

Along the perimeter of the meadows at CP 1, the vegetation is not homogeneous by the 

species composition. Only the resource-critical species will be shown here. For instance, to the north 

of the population, closer to the slopes of the above floodplain terrace, a thicket of the rare plant — 

lousewort (Pedicularis dasystachys Schenk.) – is located. It creates a beautiful red-purple aspect, the 

area of the thicket is 50×120 m. There is also a thicket of medicinal and poisonous plants of spotted 

hemlock (Conium maculatum L.) emitting a sickening smell of mice, which has the area of 20×100 m. 

To the west, there is a population of the rare and protected plant Chartolepis intermedia Boiss., which 
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does not form the aspect (the area of the population is 20×25 m). Closer to the inundated oak forest, 

there are large-size samples of the Siberian Scilla (Scilla sibirica Haw.), which are flooded during 

floods. There is also a monospecific population of Bieberstein's tulip (Tulipa biebersteiniana Schult. ex 

Schult. f.) in the shape of an oval, with dimensions of 35×52 m, which creates a light yellow aspect. 

 

Table 1 – Species composition of CP 1, with the participation of S. serratuloides 

Species Lifeform Family Abundance by 

Braun-Blanquet 

The number of 

plants in 10 m2 

Ecological groups 

1. Salix triandra L. Shrub Salicaceae 1 6.5 ± 0.52 mesohygrophyte 

mesotrophe, eutrophite, 

heliophyte 

2. S. cinerea L.  Shrub Salicaceae 1 5.33 ± 0.38 hygrophyte, mesotrophe, 

eutrophite heliophyte 

3. Rumex confertus 

Willd. 

perennial plant Polygonaceae + 2.80 ± 0.28 mesophyte, eutrophite 

heliophyte 

4. Achillea cartilaginea 

Ledeb. ex Rchb. 

perennial plant Asteraceae 2 12.00 ± 1.74 hygromesophyte, 

mesotrophe, heliophyte 

5. Bromopsis riparia 

(Rehmann) Holub 

perennial plant Poaceae 6 234.5 ± 5.52 mesophyte, mesotrophe, 

heliophyte 

6. Elytrigia repens (L.) 

Nevski 

perennial plant Poaceae 6 260.0 ± 6.34 mesophyte, eutrophite 

7. Ranunculus acris L.  perennial plant Ranunculaceae 1 3.25 ± 0.44 mesophyte, mesotrophe, 

heliophyte 

8. Caltha palustris L.  perennial plant Ranunculaceae 2 15.2 ± 1.22 hygrophyte, heliophyte 

9. Filipendula ulmaria 

(L.) Maxim.) 

perennial plant Rosaceae 2 16.90 ± 0.53 hygrophyte, mesotrophe, 

eutrophite, heliophyte  

10. Equisetum arvense 

L. 

perennial plant Equisetaceae 3 25.5 ± 3.04 mesophyte, oligotrophic 

plant, heliophyte 

 

The phytocoenotic surroundings on CP 2 are represented by 8 species from 7 families and 8 

genera, one of them is a shrub, the others are perennials (Table 2). The plants are divided by 

environmental groups as follows: 5 species are mesophytes, 1 species is hydrophyte, 2 species are 

mesohygrophytes. All 8 species are meso-or eutrophes and heliophytes. The absolute dominants are 

B. riparia and E. repens. The coefficient of the floristic community of the coenopopulations by Jackard 

is 30 %. 

http://www.plantarium.ru/page/view/item/44223.html
http://www.plantarium.ru/page/view/item/44223.html
http://www.plantarium.ru/page/view/item/41277.html
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When allocating ontogenetic states, it has been found that the density of plants in CP 1 is 

14.0 ± 1.3 plants/m
2
, the ontogenetic spectrum is right-handed with the maximum in the area of 

generative plants (53.9 %), the share of virginile plants is 19.9 %. In the studied CP, the ratio of age 

groups in the pregenerative and generative periods was 46.1 and 53.9 % (Fig. 1). 

Table 2 – Species composition of CP 2, with the participation of S. serratuloides 

Species Lifeform Family Abundance 

by Braun-

Blanquet 

The number of 

plants in 10 m2 

Ecological groups 

1. Coccyganthe flos-

cuculi (L.) Fourr. 

perennial plant Caryophyllaceae 2 17.32 ± 2.56 hydrophyte, mesotrophe, 

eutrophe, heliophyte 

2.Veratrum lobelianum 

Bernh. 

perennial plant Melanthiacea + 1.24 ± 0.48 mesohygrophyte, 

mesotrophe, eutrophe, 

heliophyte 

3.Bulbocodium 

versicolor (Ker-Gawler) 

Spreng. 

perennial plant Melanthiacea 1 8.18 ± 0.74 mesophyte, mesotrophe, 

heliophyte 

4. Salix triandra L. Shrub Salicaceae 5 16.5 ± 1.54 meso-hygrophyte, 

mesotrophe, eutrophe 

heliophyte 

5. Bromopsis riparia 

(Rehmann) Holub 

perennial plant Poaceae 5 204.3 ± 4.57 mesophyte, mesotrophe, 

heliophyte 

6. Elytrigia repens (L.) 

Nevski 

perennial plant Poaceae 6 255.8 ± 2.44 mesophyte, eutrophite 

7. Rumex confertus 

Willd. 

perennial plant Polygonaceae + 3.80 ± 0.28 mesophyte, eutrophite 

heliophyte 

8. Campanula patula L.  perennial plant Campanulaceae + 2.34 ± 0.26 mesophyte, mesotrophe, 

heliophyte 

 

In CP 2, the density is 7.1 ± 1.5 plants/m
2
, the ontogenetic spectrum belongs to the centered 

type with the highest share or virginile plants (34.2 %), the second place by the number is taken by 

immature plants (25.8 %), and the third – by juvenile plants (14.8 %) (Fig. 2).  

According to the classification of L. A. Zhivotovsky, the studied coenopopulations of 

Stemmacantha serratuloides belong to the old ones (Table 3). The high value of the efficiency index 

in the CP 1 (ω = 0.76) indicates a good and stable state of the population. The restoration index that 

reflects the intensity of vegetative processes in CP 2 (Ir= 3.9) is higher than in CP 1 (Ir= 0.8). 

Therefore, CP 2 is sustainable, and the pregenerative fraction in this population may completely 
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replace the plants of the generative fraction. Index of substitution (Isub), showing the ratio of 

undergrowth density to the entire age part of the population, is higher in CP 2 (Isub = 4.2) and lower in 

CP 1 (Isub = 0.9).  

 

Table 3 – Demographic characteristics of coenopopulations of S. serratuloides 

Ontogenetic indices CP No. 1 CP No. 2 

Restoration index (Ir) 0.8 3.9 

Index of generativity (Igen) 0.5 0.19 

Index of substitution (Isub) 0.9 4.2 

∆/ω 0.30/0.76 0.16/0.58 

The age specter Right-handed Centered 

Type of population by L. A. Zhivotovsky Old Old 

Type of population by T. A. Rabotnov Normal Normal 

 

  

Fig. 1 – The ontogenetic range of CP 1 of Stemmacantha serratuloides. 
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Fig. 2 – The ontogenetic range of CPU 2 of S. serratuloides 

 

 

 

4 Conclusion 

Thus, S. serratuloides has narrow ecological amplitude, the populations are vulnerable since 

they are exposed to the anthropogenic impact. S. serratuloides is a medicinal plant, which is another 

limiting factor. The established types of floral surroundings of S. serratuloides for both CPs are 

demanding for moisture, soil fertility, and sunlight. The ontogenetic spectrum in CP 1 is right-sided, 

and in CP 2 — centered. CP 1 is dominated by generative bions, CP 2 — by virginile bions. According 

to the classification of L. A. Zhivotovsky, both populations belong to the old type. 

Protection measures should include the following: studying the biology, ecology, geography of 

the species in the region, the state of populations, the age structure in dynamics; and economic 

activities in the habitats of the species are to be prohibited to monitor the recreational burden. The 

Kliuchi natural boundary should be declared a natural landmark of regional significance. 
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