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Abstract 

Overweight and obesity is a multifactorial, multisystem disease declared a global epidemic by 
the World Health Organization (WHO) as early as in 1997. At least 30% of the working-age 
population in Russia is overweight. Only the use of physical activity as an integral (basic) part 
of obesity treatment and maintenance of the body weight achieved in the course of treatment can 
achieve durable and long-lasting treatment results as well as significant changes in the body 
structure (fat/non-fat body weight ratio). Terrainkur (therapeutic walking) is a method of spa 
treatment that combines climatotherapy and physical therapy. One of the problems in physical 
activity in obese people is the difficulty they experience in exercising due to the impaired 
walking pattern caused by imbalances in the muscle chains, including pelvic region, cervical 
region, which reduces endurance and commitment to physical activity. The study found that the 
exposure group (Terrainkur) showed lower values of "total fat", "metabolic age", "basic caloric 
value" compared to initial results and the control group; the exposure group (Terrainkur) showed 
a decrease in the deviation of the centre of body axis projection from the proper axis, the 
percentage of non-compliance with the proper fluctuations of the foot underextension. These 
changes contributed to the elimination of terrainkur restrictions and, as a result, improved the 
patient compliance during the terrainkur exercises. 
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 Overweight is a multifactorial, multisystem disease, 
and the World Health Organization (WHO) declared 
obesity and overweight, a global epidemic as early as in 
1997:1,2 "overweight and obesity are now so prevalent 
that they affect public health more than traditional health 
problems such as starvation and infectious diseases". In 
Russia, at least 30% of the Russian working-age 
population is overweight, with 25% of them obese,3 In 
EU countries, the direct monetary cost of obesity 
represents about 7% of all healthcare spendings, "which 
is comparable to that for some diseases, such as cancer.4 
Only a combination of physical activity and diet therapy 
can achieve sustainable results, positively impacting on 
the psychogenic component of obesity.5 Terrainkur 
(therapeutic walking) is an effective method of losing 
weight.6 Walking improves coordination, balance and 
general mobility by strengthening the main muscle 
groups, increases overall performance, regulates the 

central nervous system,7,8 helps to restore a normal 
walking pattern and stabilizes the pelvic and cervical 
regions. Terrainkur training in sanatorium and spa 
conditions can be the first step towards a change in 
lifestyle and is an excellent motivator for patients.9 
Outdoor physical activities are the most effective,10 with 
a wide range of weather and landscape-climatic factors: 
insolation that activates metabolism, wind loads that 
activate blood circulation in the subcutaneous tissue and 
stimulate thermogenesis, marine aerosols that increase 
gas exchange in the lungs and blood oxygenation.11 

Materials and Methods 
Between July and November 2021 a comparative clinical 
study was conducted in Medical and rehabilitation 
clinical centre "Yudino" in two parallel groups (group 1 
- "control", group 2 - "gentle terrainkur") in which 36 
healthy volunteers (14 men and 22 women, 61.1 % and 
38.9 % respectively) were recruited.  
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All the subjects gave their informed consent for inclusion 
before they participated in the study. The study was 
conducted in accordance with the Declaration of 
Helsinki, and the protocol was approved by the Ethics 
Committee of National Medical Research Center (Project 
identification code # GZ 4, protocol # 4, 15 April 2021). 
The median age was 60.0 years and the range was 53.0 – 
64.0. The median mean weight of the volunteers was 
105.1 kg (86.9; 117.9 [UQ, LQ]). All the volunteers were 
overweight and some had a history of grade I-II arterial 
hypertension (corrected, at the time of the study) or other 
cardiovascular and/or endocrine risk factors, but all were 
on stable pharmacologic treatments. After obtaining prior 
consent to participate in the study from volunteers wich 
signed an informed consent form, the volunteers were 
divided into 2 groups - the exposure group (terrainkur) 
and the control group (daily physical activity). The 
exposure group included - 14 participants, the control 
group - 22 participants. The therapy consisted of a 

terrainkur course (7-10 sessions) using a constructed 
course of 1400 meters with an incline of no more than 
12° every day at the same time for 30-40 minutes, 6 days 
a week except Sunday, in the afternoon from noon to 4:00 
pm. The training was conducted at a pace which ensured 
medium-intensity exercise. The exercise intensity was 
calculated according to the formula 220 minus the age (in 
people without any cardiovascular diseases). A 
moderate-intensity exertion would correspond to 55-70% 
of the maximum heart rate.12 Exercise was performed no 
earlier than 2 hours after meals and volunteers were 
required to follow a drinking regime. Indications for 
stopping exercise included: overcoming the target 
distance or experiencing shortness of breath and 
discomfort in the upper torso (chest, neck, shoulder), an 
increased heart rate, and heaviness in the head. If nausea, 
dizziness, extreme fatigue, or insomnia occurred during 
or after exercise, the volunteer reduced the intensity of 
the next exercise session. Before and after the training 
course (terrainkur) - in the exposure group group, on day 
1 and on day 8-11 - in the control group, the following 
tests were carried out: body composition using 
bioimpedance measurement (TANITA BC-1000 bio-
analyzer, Japan), stabilometry examination (Habilect 
complex, Russia). Stabilometric examination was 
performed on Habilect complex. (РУ No. РЗН 
2016/5213) that is a multifunctional medical system 
based on the Microsoft Kinect high-precision non-
contact sensor. A camera (sensor) pointed at the patient, 
without the installation of additional sensors on the body, 
distinguishes 25 major points of the human body. 
Habilect records and analyses the movement of each such 
points (Figure 1). We used also the H.VrS (Virtual 
Balance Platform) system module, a virtual stability 
platform module, in our data analysis. With H.VrS it is 
possible to analyze the patient's gait changes, the 
trajectory of the centre of mass in the horizontal, vertical 

 
Fig 1.  Schematic representation of measurement 

points, the size and deviation of the main 
directions (vectors) of movement (on the 
left), the trajectory of movement of the 
main body parts (on the right) 
[https://habilect.com/hmotionlab]. 

 
Fig 2.  Evolution from the initial range of indicators (total and internal fat content, baseline calorie intake, 

metabolic age) in the control and intervention groups (Terrainkur). 
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and sagittal planes.13,14 To perform the study, patients 
stood in a predetermined area on the floor and performed 
the "Walking in Place" test exercise. The test time was 30 
seconds. To interpret the results of the study the 
following parameters were determined: X - coordinates 
of the position of the pressure centre in the frontal plane 
(anteroposterior) (mm); Y - coordinates of the position of 
the pressure centre in the horizontal plane (upper-lower) 
(mm); Z - coordinates of the position of the pressure 
centre in the sagittal plane (right-left) (mm); L - path 
length of the statokinesiogram (mm); V - speed of the 
statokinesiogram (mm/s). A total of 72 statokinesiograms 
were recorded and analyzed, while examining the 
patients before terrainkur and after. In addition to 
physical examination methods, a bioimpedance method 
was used for a non-invasive analysis of the patient's 
metabolism, which reflects quantitative and qualitative 
body composition (TANITA BC-1000 body composition 
monitor, Japan) and allows to estimate: body fat and 
water percentage (%), muscle mass (%), physical 
constitution (in points); basic metabolism (kcal), 
metabolic age (years), bone mass (kg), visceral fat level 
(points). 

Statistical processing of clinical data was performed 
using descriptive statistics, and taking into account small 
sample size and non-normal distribution, nonparametric 
methods were also used to test null hypothesis: χ2 
criterion, the Mann-Whitney U test, Wilcoxon test.15 All 
obtained results were processed using Statistica for 
Windows, v. 8.0 (StatSoft Inc., USA) и Microsoft Excel 
(Microsoft, USA). The significance of differences was 
considered to be established at p<0.05. 

Results 
The terrainkur course achieved the following positive 
effects: reduction in total and internal fat, baseline caloric 
value and metabolic age (Figure 2). During 
bioimpedance measurement, the "baseline caloric value" 
value decreased significantly in the intervention group, at 
the end of the study (T – 4, 0; p<0.05) (Figure 3). The 
"metabolic age" indicator, in the group of patients over 
60 years old, decreased significantly in the intervention 
group (U – 12,0; p<0.05) (Figure 4). The results of the 
stabilometry study are presented in Table 1 and Table 2. 
As can be seen from the tables, the indices of deviations 
along the main body axes of the head point and centre of 
mass of the body, as well as the direction of body motion 

 
Fig 3.  Comparison of the "baseline caloric 

value" in the intervention group before (1) 
and after the study (2), kcal. 

 
Fig 4.  Comparison of the "metabolic age" 

indicator in the control group (1) and the 
intervention group (2), years. 

Table 1. Stabilometry results for the central body axes before and after the intervention. 
Parameter / Body axis Body axis Х, cm Body axis Y, cm 
Before terrainkur  
 

Median (Me) 3.2 -28.01 
Q25 -90 -28.01 
Q75 90.5 14.76 

After  
terrainkur  

Median (Me) -8.96 -29.59 
Q25 -99.2 -30.5 
Q75 -80.6 30.09 

% deviations from the 
original value 
 

Median (Me) 300.5%* 102.45% 
Q25 100.98%* 103.45% 
Q75 85.28%* 220. 95% 

* The data are presented as median and quartiles (Q25; Q75), analysis of differences was performed using the 
Wilcoxon signed-rank test (critical significance level of the criterion p<0.05). 
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vector after the terrainkur exercises decreased, which was 
subjectively noted as the disappearance of unsteadiness 
when walking. When calculating the increase in 
deviation (deviation of the main body axes from the 
initial value) using the Wilcoxon signed-rank test, 
statistically significant deviations of the body on the X 
axis (increase 300.5%, p=0.05), Y axis (increase 
102.45%, p=0.02) were found. When calculating the 
increase in head axis deviation from the initial value 
using the Wilcoxon signed-rank test, statistically 
significant deviations were found in the X-axis (160.04% 
increase, p=0.02), Y-axis (83.7% increase, p=0.01). In 
addition, there was a significant decrease in displacement 
of the centre point in the Terrainkur group compared to 
the control group (U – 24.0; p=0.008) (Figure 5). There 
was a significant decrease in the percentage of non-
compliance with the appropriate “Leg underextension” 
values in the “Terrainkur” group, compared with the 
control group (U – 29.0; p=0.02) (Figure 6). 

Discussion 
Restoration of the physiological walking pattern and 
stabilization of the pelvic region require less resource 
input from the central nervous system, which manifests 

itself in a greater tolerance to physical exertion and, as a 
result, an increased compliance of patients when 
exercising terrainkur. The stabilometric study showed a 
decrease in the amplitude of body axis deviations in all 3 
planes, indicating an improvement in all brain areas 
responsible for coordination of motor functions and their 
vegetative support, improved functional interaction 
within muscular chains. Improvement of the muscular 
chains of the upper half of the body consisted in 
normalisation of the spiral body chain, including the 
sternocleidomastoid muscle, which plays a major role in 
maintaining the "vertical" axis of the body, reduction of 
hypertonicity of the of the scalene muscles of the upper 
part of the trapezius muscle. Reducing the hypertonicity 
of these muscles reduces the hyperlordosis of the cervical 
spine. Consequently, it reduced the curvature of the 
vertebral arteries, which play an important role in blood 
supply to the brain. Hypertonicity of the scalene muscles 
and the upper part of the trapezium often leads to 
compression of the posterior scapular nerve and brachial 
plexus nerves, which can lead to hypofunction of the 
scapular muscles, which largely determine the support of 
the "upright body axis". Reducing the involvement of the 

Table 2. Stabilometry results for the central axes of the head points before and after the intervention. 
Parameter / Body axis Body axis Х, cm Body axis Y, cm 
Before terrainkur  Median (Me) -0.82 120.33 

Q25 -1.2 60.13 
Q75 -0.9 120.94 

After  
terrainkur  

Median (Me) 1.4 105.42 
Q25 -10.0 50.49 
Q75 2.2 105.42 

% deviations from the 
original value 
 

Median (Me) 160.04 %* 83.7 %* 
Q25 821.77 %* 83.7 %* 
Q75 258.70 %* 80.1 %* 

* The data are presented as median and quartiles (Q25; Q75). analysis of differences was performed using the 
Wilcoxon signed-rank test (critical significance level of the criterion p<0.05). 

 
Fig 6.  The percentage of non-compliance with 

the appropriate “Leg underextension” 
values in the control (1) and intervention 
(2) groups, %. 

 
Fig 5.  Displacement parameters of the centre 

point in the control (1) and intervention 
(2) groups, %. 
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head and neck muscles in compensatory balancing during 
walking and maintaining an upright body posture mainly 
at the expense of the lower limbs and pelvis muscles 
helps prevent arterial and venous circulatory disorders in 
the head and neck area and makes training not only more 
effective but safer as well. The increase in the angle of 
the bridge of the foot shown in Figure 6 indicates a 
change in the walking pattern, characterized by increased 
functional activity of the large gluteal muscles, 
quadriceps and lower leg muscles. This walking pattern 
ensures the involvement of the large muscles of the lower 
limbs, which improves venous blood flow, lymph flow, 
and accelerates metabolism in the large muscles.16,17 The 
decrease in the amplitude of movement in the pelvic and 
thoracic regions (Figure 5), suggests the recovery of the 
pelvic stabiliser muscles, pelvic diaphragm and 
abdominal muscles. Improvement of the work of these 
muscles contributes to the restoration of normal internal 
organ displacement trajectories during breathing and 
walking, which improves blood flow, lymph flow and 
metabolism in the visceral fat depot. 
In conclusion, we foud that: i) the patients in the 
intervention group ("Terrainkur") showed lower values 
of "total fat", "metabolic age", "baseline caloric value" 
compared with the initial results and the control group, 
indicating the positive effect of terrainkur on fat 
metabolism in patients with excessive body weight and 
obesity; ii) the patients in the intervention group 
("Terrainkur") showed a decrease in the deviation of the 
centre of body axis projection from the proper axis, the 
percentage of non-compliance with the proper 
fluctuations of the foot underextension, indicating the 
restoration of the normal walking pattern and 
stabilization of the pelvic and cervical regions. These 
changes contributed to improvement of venous blood 
flow by terrainkur exercises. 
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