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Summary
The present article is evaluating the effects of physical 
rehabilitation upon the quality of life (QoL) indexes in 
adolescents (12 to 17 y.o.) with oncological diseases fol-
lowing hematopoietic stem cell transplantation (HSCT). 
The proprietary technique of physical rehabilitation in-
cludes 3 stages with nine complexes of physical exercises, 
dependent on their age and regimen of motor activities. 
We have evaluated QoL, and anxiety/depressive condi-
tions in adolescents at three stages of the study: HSCT, 

after it, and following rehabilitation. The data obtained 
confirm a positive effect of the physical rehabilitation 
upon QoL in the adolescents with cancer subjected to 
hematopoietic stem cell transplantation.  
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Introduction
At the present time, a sufficient attention is paid to chang-
ing quality of life (QoL) during rehabilitation programs in 
young patients with tuberculosis and other chronic condi-
tions [1, 2]. Life quality aspects in children and adults after 
hematopoietic stem cell transplantation is also in focus of 
current studies [3-7]. In this view, the effects of physical re-
habilitation seems to exert positive effects upon quality of 
life in early posttransplant period.

QoL is an common category meaning an integrity of phys-
ical, psychological, emotional and social functioning. De-
termination of the QoL indexes is included into evaluation 
scoring of rehabilitation programs [8].

Over last years, a distinct trend for increased cancer mor-
bidity worldwide, including children and adolescents [9]. 
300,000 cases of cancer are registered yearly in children from 
0 to 18 years old. In 2016, 24207 children were registered 

at oncological dispensariesn in Russia, thus requiring appro-
priate rehabilitation programs following cancer therapy. 

The effects of physical rehabilitation upon QoL of adoles-
cents with cancer following HSCT is poorly studied so far. 
Our aim was to propose an original system of post-trans-
plant physical rehabilitation and tools of appropriate QoL 
control.

Patients and methods 
The study included twenty patients at the age of 12 to 17 years 
old. The study was performed at the base of R. Gorbacheva 
Research Institute of Children Onclogy, Hematology and 
Transplantology over a period of April 2017 to November 
2018. Ten patients were in experimental group 1, and 10, in 
experimental group 2. The 1st group received a standard pro-
gram of physical exercises, whereas 2nd group was subject to 
additional program of physical rehabilitation. 
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To resolve our clinical tasks, we have developed and tested a 
program of physical rehabilitation for adolescents with can-
cer diseases after HSCT procedure. This method is aimed for 
effective recovery of functional state, prevention of compli-
cations, QoL increase, psychophysical development of the 
patients subjected to HSCT at different rehabilitation stages.

This purpose was achieved by resolution of some education-
al and health-sparing health-promoting tasks at the 3 time 
stages of the program: 
1. Pre-transplant; 
2. During the early posttransplant period (over 30-40 days); 
3. At the later posttransplant period (over D+100).  

Educational tasks are obligatory for each phase of the physi-
cal rehabilitation. They include: developing positive attitude 
for physical exercises; development of physical abilities dur-
ing the studies; education of aesthetic and moral personal 
properties (honesty, discipline, responsibility etc.). Posing 
the health-promoting tasks depends on the disease severity, 
secondary disturbances of different organs and systems as 
well as existing comorbidities.  

At each stage of the program, certain specific tasks were per-
form, as follows:  
1. Before transplantation: 

- to prepare the organism for the ongoing therapeutic pro-
cedure; 
- to promote sufficient levels of adaptational abilities in the 
patient;
- to educate positive attitude for the motor activity exer-
cises.

2. Early posttransplant period: 
- to promote recovery of the functional systems of the or-
ganism;
- to develop and restore motor abilities; 
- to perform prevention of complications and concomitant 
diseases; 
- to optimize psycho-emotional state of the patient. 

3. Late posttransplant period:
- further promotion of physical abilities; 
- development of functional systems in the patient; 
- to foster volitional powers in the subjects’ personality; 
- to increase the level of emotional state. 

Design of the program was based on the following pedagog-
ical principles: availability and individualization, gradually 
increasing duration and intensity of exercises, activity and 
consciousness of the subjects involved; continuity of peda-
gogical activity in the course of rehabilitation, differential 
approach to application of physical exercises. Organizational 

and methodical features of physical rehabilitation for adoles-
cents with cancer diseases: keeping the treatment and gen-
eral regimen at the clinical facility; taking into account the 
types and forms of physical exercises; engraftment degree; 
education and preparation for the next rehabilitation step, 
high-quality self-consistent performance of the physical ex-
ercises; prophylaxis of the complications caused by low mo-
tor activities. 

The developed program of physical rehabilitation consists of 
the following components: 

1) Active games, aimed for correction and development of 
sensory, perceptive, psychomotor, emotional and volitional 
properties, voluntary attention and memory, communicative 
skills, e.g., Just a Minute, Nose-Year, Mirror etc.
2) Active games aimed for development of fine motor skills, 
respiratory functions, restoration of motor skills, after long-
term hypodynamy when staying in bed, games in order to 
improve physical characteristics of the patients, i.e., Balls in 
the basket, Rope-walker, Spinner.
3) Physical exercises should be health-promoting, with ele-
ments of extension and static tension, respiratory and cor-
rective exercises with adaptive sport elements. Hockey on the 
floor, sitting volleyball.

The program includes 9 sets which were dependent on the 
rehabilitation stage and age of the patient. The exercise sets 
consisted of basic and variative parts. The basic part includ-
ed obligatory exercises, whereas variative part consisted of 
games that could be chosen of a certain list, aiming for solu-
tion of distinct tasks for the given rehabilitation phase, as 
shown in Table 1. 

Contents of the exercise sets were variable, depending on 
age and rehabilitation period. I.e., exercises for the children 
of 12-13 years are more simple and require less repeats that 
those for adolescents in the age of 14-15 or 16-17 years.    

Short description of the physical exercises applied includes 
the movement regimens, initial positions, amplitude and 
pace of the exercises, ratio of fitness gym and special exercis-
es (respiratory, correcting exercises with adaptive sport ele-
ments). Short characteristics of their contents are presented 
in Table 2. 

Recent publications on dosage of loads for physical rehabili-
tation of children after HSCT are controversial and method-
ologically different [10, 11, 12].

The authors propose individual dosage, depending on phys-
ical potential of the patients and terms posttransplant. E.g., 
Yildiz Kabak et al. suggest usage of the Borg scale despite 

Table 1. Variable exercise sets included into the physical rehabilitation program

Rehabilitation period
Age, years

12-13 14-15 16-17 

Before transplantation №1 №4 №7

Early posttransplant period №2 №5 №8

Late posttransplant period №3 №6 №9
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Table 2. Brief description of exercise sets for different posttransplant patients

№ Complex 
No.

Kinetic regimen Dosage, 
min.

Initial position Movement 
amplitude

Rhythm of 
exercise

General fitness/ 
special exercises

№1 Free mode
Ward regimen

10-15 Supine
Sitting 
Staying

Medium Slow 
Medium 
Fast

1:3

№2 Bed regimen  
Semi-bed rest
Ward regimen

10-15 Supine
Sitting

Low Slow 1:5

№3 Free mode
Training

20-30 Sitting
Staying

Medium 
to large

Medium 
Fast 

1:2

№4 Free mode
Ward regimen

10-15 Sitting 
Staying

Medium 
to large

Slow 
Medium 
Fast

1:3

№5 Bed regimen 
Semi-bed rest
Ward regimen

10-15 Sitting 
Staying

Low Slow 1:4

№6 Free mode
Training

20-30 Supine
Sitting 
Staying

Medium 
to large

Medium
Fast

1:1

№7 Free mode
Ward regimen

10-15 Sitting 
Staying

Medium 
to large

Medium
Fast

1:2

№8 Bed regimen  
Semi-bed rest
Ward regimen

10-15 Supine
Sitting 

Low to medium Slow
Medium

1:3

№9 Free mode
Training regimen

20-30 Sitting 
Staying

Large Medium
Fast

1:1

its subjectivity based on pulse rates of adult persons [13]. 
To perform dosage for physical loads, some special devic-
es are applied, e.g., Actiwatch-Score-type pulsometers, or a 
portable monitor for the pulse rate measurements. However, 
they are intended for routine screening, and it is difficult to 
perform effective scheduling of long-term programs [11, 14]. 

Some reports present dosage variants for physical loadings 
with its gradual increment, variability and adaptation, de-
pending on the patients’ condition. Meanwhile, we did not 
find any data on dosage of physical loads for adolescents 
during the pre-transplant period. Therefore, we planned 
loadings based on the developed original regimens, general 
principles and requirements for age-adapted physical exer-
cises [15, 16].

The physical load was optimal and corresponded to func-
tional abilities for adolescents. A number of factors was con-
sidered when planning the dosage of physical load, aiming 
for its increase or reduction: initial laying or sitting caused 
reduced load; staying posture was associated with increased 
load; switching of small muscular groups (foot, hand) were 
connected with decreased loadings. Increased amplitude of 
the movements and repeat numbers did also increase phys-
ical loads. The exercises were performed slowly, at moder-
ate rates, or rapidly; rhythmic exercises alleviated the loads. 
A demand for exact performance caused initial increase of 
physical load, while decreasing later, upon automation of 
movements. Complex exercises with motor coordination 
did enhance the load, thus having been excluded from initial 

first-stage classes, and were introduced gradually; the exer-
cises for relaxation and static respiratory exercises caused a 
decreased load (the load became lesser, the more this exer-
cise was repeated. The ratios between health-promoting and 
special exercises were 1:1; 1:2; 1:3; 1:4; 1:5, and positive emo-
tions during the classes in the form of games helped to better 
tolerate physical loads. Different grade of the patient’s efforts 
when performing the exercises proved to promote variation 
of loadings. In order to manage physical loadings, we used a 
principle of the load spreading with alternative involvement 
of different muscle groups; usage of different apparatus influ-
enced the intensity of physical load.

When performing this program of physical exercises, their 
general load depended on their intensity, duration, density 
and volume. The intensity corresponded to certain threshold 
level for given step of the program. Duration of the load was 
adequate to performance time for each distinct task. The total 
volume of loads and their density was distributed uniformly, 
with their intensity determined by individual features of the 
patient and stage of the program. The motion regimen, dos-
age, density and total volume of the loads depended on the 
patient’s age and stage of the given rehabilitation program. 

When arranging content of the game complexes and physi-
cal exercise sets we followed the principle "from a simple to 
more complex", i.e., from minor muscular groups to major 
ones, depending on the patient’s age. The games were classi-
fied into four groups with increasing loads: 1) On-site passive 
games; 2) Less active games; 3) Active games; 4) Elements of 
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sports games. The games allowed usage of selective effects, 
exact intensity dosage for differently directed game exercises.  

To evaluate efficiency of the the program, we used the QoL 
assessment using the special questionnaire (PedsQL Stem 
Cell Transplant Module Version 1.0) [14, 17].

Statistical evaluation of the results was performed by the  
STATISTICA 7.0 (StatSoft,США). At initial stage, we eval-
uated the type of distribution by means of Shapiro-Wilkes 
criterion. Since most indexes did not show a standard distri-
bution, the non-parametric methods were used. Significance 
of appropriate differences between the median values was 
evaluated by the Mann-Whitney test, with p<0.05 taken as a 
value of significance. 

Results
The analysis of QoL in the children following HSCT has 
shown statistically significant differences between the 
groups 1 and 2 (p<0.05) by all the scales of Questionnaire. 
The indexes were registered at all 3 stages of the program. 
The PedsQL Stem Cell Transplant Module data are shown in 
Table 3 and Fig. 1.

Table 3. Quality of life scores in posttransplant adolescents at different stages of rehabilitation program

Questionnaire scales Stage I Stage II Stage III

Group 1 Group 2 Group 1 Group 2 Group 1 Group 2

Physical functioning 59
(51;70)

62
(55;75)

40
(26;51)

45*
(30;55)

58
(50;65)

72*
(60;81)

Emotional functioning 68
(57;78)

66
(56;75)

50
(40;60)

56*
(47;66)

59
(51;66)

72*
(60;79)

Social functioning 63
(51;73)

63
(50;69)

43
(35;53)

45*
(39;57)

62
(50;74)

65*
(60;69)

Total score, points 63
(53;73)

63
(53;73)

44
(33;54)

48*
(38;59)

59
(50;68)

68*
(60;76)

Pain 70
(50;89)

68
(53;83)

37
(20;54)

40*
(27;54)

71
(50;92)

70*
(50;91)

Tiredness and sleep 60
(53;68)

63
(58;68)

35
(20;50)

38*
(21;55)

57
(50;65)

65*
(61;70)

Nausea 80
(69;92)

82
(73;92)

50
(30;70)

57*
(40;74)

82
(75;90)

90*
(85;90)

Restlessness 60
(55;67)

65
(50;65)

41
(35;48)

47*
(37;55)

70
(60;79)

80*
(70;91)

Nutrition 70
(53;70)

69
(50;87)

30
(25;30)

33*
(20;47)

73
(66;80)

75*
(69;81)

Mental ability 80
(63;97)

83
(76;90)

60
(50;72)

66*
(53;78)

79
(65;93)

80*
(66;95)

Communication 50
(30;73)

47
(33;61)

50
(27;72)

55*
(30;77)

65
(50;80)

70*
(60;80)

Total score, points 67
(53;79)

68
(56;78)

43
(27;56)

48*
(32;62)

71
(59;82)

75*
(65;85)

Note: The data are expressed as points of the QoL questionnaire scores *, p<0.05 means a statistically significant difference between group 1 
and group 2.

Evaluation of QoL indexes in adolescents subjected to HSCT 
allowed us to assess a statistically significant improvement 
of QoL by all the questionnaire scales. The indexes regular-
ly decreased at the 2nd rehabilitation stage after HSCT, and 
increased at the 3rd rehabilitation stage, showing improved 
QoL for most indexes in experimental group 2, as compared 
to the 1st group.

Figure 1. Quality of life indexes at the 3 stages of study 
in the 2 experimental groups
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When summarizing the data obtained, one may see that all 
the life quality indexes of were substantially decreased after 
HSCT in both experimental groups. However, during the re-
habilitation measures, implementing  the proposed program, 
a normalization and increase of parameters was revealed in 
experimental groups, especially by the indexes of physical 
functioning (+14%), emotional functioning (+11%), and 
communication abilities (+33%), thus confirming efficiency 
of the proposed physical rehabilitation program with respect 
to quality of life in the patients. 

The data obtained confirm a positive effect of motor activi-
ties upon quality of life in adolescents subjected to hemato-
poietic stem cell transplantation reported elsewhere [13, 16].

Conclusion
1. At the present time, a number of children with cancer is 
registered worldwide, thus often requiring severe chemother-
apy and hematopoietic stem cell transplantation (HSCT). 

2. We have proposed a program of physical rehabilitation in 
children with cancer diseases, including nine variative sets of 
exercises. The technique consists of game exercises, fitness, 
respiratory and corrective exercises as well elements of adap-
tive sport. 

3. The quality of life was evaluated by means of a PedsQL 
Stem Cell Transplant Questionnaire. Following HSCT, all the 
QoL indexes were decreased in both groups, i.e., with stand-
ard program of physical exercises (Group 1), and group 2 
subjected to additional physical programs.

4. The course of rehabilitation in the patients from group 
2 who used the proposed additional program has resulted 
into physical normalization and more pronounced increase 
in QoL, when compared to the children receiving standard 
physical exercises. 
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Влияние двигательной активности на качество жизни 
подростков, перенесших трансплантацию гемопоэти-
ческих стволовых клеток  

Резюме
Данная статья посвящена анализу влияния физи-
ческой реабилитации на показатели качества жиз-
ни подростков 12-17 лет с онкопатологией после 
трансплантации гемопоэтических стволовых кле-
ток (ТГСК). Авторская методика физической реа-
билитации включает три этапа, включающие девять 
комплексов физических упражнений в зависимости 
от возраста и режима двигательной активности. 
Проводилась оценка качества жизни, оценивался 
уровень тревожно-депрессивных состояний под-
ростков на трех этапах исследования: до проведения 
трансплантации, после трансплантации, после реа-
билитации. Полученные данные свидетельствуют 

о положительном влиянии физической реабилита-
ции на качество жизни подростков с онкопатологи-
ей, перенесших трансплантацию гемопоэтических 
стволовых клеток.     

Ключевые слова
Физическая реабилитация, онкология, дети, транс-
плантация гемопоэтических стволовых клеток, де-
прессия, тревога, эмоциональное состояние. 
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