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Abstract

Beside a number of physical, physiological, psychological,
and social impairments, cancer and its treatment can also
reduce balance abilities. The aim of the present study was
to assess the effect of a one-week winter camp with an in-
tense alpine skiing program on balance ability of pediatric
cancer patients in the follow-up care. Eighteen pediatric
cancer patients (intervention group I1G; age 10.2 + 4.6 years)
and eight healthy children for comparison (healthy group
HG; age 12.3 + 3.3 years) participated in the intervention.
The results were compared to corresponding readings of a
control group that consisted of 13 pediatric cancer patients
(control group CG; age 9.8 + 2.4 years) of a conventional
stationary rehabilitation program. Balance ability was tested
by using a Nintendo Balance Board (NBB) equipped with
a “Low Cost Force Lab” software as the measurement de-
vice, with the Mean Euclidian Distance as a measure for
stability within a 30sec trial on both legs and on each leg
separately. The results revealed that (a) the patients of the
IG exhibited significantly lower balance abilities in the pre-
test in the one-leg trial for the left leg compared to the CG
and the HG, (b) the IG improved their abilities significantly
on both single-leg and the both-leg trial, and (c) that the IG
improved their values close to that of the HG. The study
showed that impaired balance abilities in pediatric cancer
patients caused by the disease and its treatment can be im-
proved within a rather short time period to the level of their
healthy counterparts.
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Introduction

Cancer is one of the main causes of death in the
world [1]. With 144 to 148 cases per million, cancer
prevalence is much smaller in children than in adults,
with Acute Lymphoblastic Leukemia (ALL) being the
most frequent entity in childhood cancer [2]. In both,
children and adults, treatment of cancer can produce a
number of severe side effects, depending on the type of
cancer and the kind of therapy [2]. Cytostatic drugs, for
example, often cause impairment of the bone marrow
functions, whereas immunological cancer therapies fre-
quently lead to irritations of the mucous membranes
and a reduced immune defense [3]. Other side effects
concern the physical fitness of the patients. In children
suffering ALL, a reduced aerobic capacity was observed
[4] as well as neuromuscular deficits depending on the
medication dose [5]. Other authors documented sen-
sory and motor impairments and neurologic signs that
persisted up to five years after therapy in childhood ALL
patients [6,7].

Until the 1980’s, physical activity was considered
contra-productive in cancer treatment and resting was
a common medical advice. Influenced by the seminal
study of Schiile [8] and based on a number of more re-
cent clinical studies, this view has changed, and today
physical activity and sports are generally considered to
cause various positive effects in cancer patients, includ-
ing psycho-social, physical, and immunological param-
eters and their interactions [9-15]. Positive effects of
physical activity on cancer concern prevention, rehabil-
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itation, and relapse prevention. Regarding prevention,
some studies suggest that physical activity might have
a protective effect on breast cancer, colon cancer, and
cancer of the endometrium [9,16]. The mechanisms
behind this postulated effect are, however, poorly un-
derstood. The contribution of physical activity to reha-
bilitation is presumably the most intensively studied
aspect, comprising a large amount of potential aims.
They range from rather “mechanical” issues such as
the increase of the range of motion after breast cancer
surgery [17], the improvement of the reduced physical
strength and endurance after cancer treatment [18,19],
to psycho-social effects that focus on the regaining of
self-confidence, the avoidance or reduction of social
isolation due to the disease [20], and the improvement
of immunological parameters [21-23]. The effects of
sports on relapse prevention are largely unknown since
systematic studies on this issue are rare. However, a re-
duced risk of breast cancer recurrence has been report-
ed in women with a physically more active lifestyle [24].
Advances in the diagnosis and treatment of cancer have
led to higher survival rates and longer post diagnosis in-
tervals and will probably lead to more research on life
style effects on cancer recurrence, including the effects
of physical activity and sports [24].

Most studies on the effects of physical activity on
cancer have been conducted on adults. Much less re-
search has been done in pediatric cancer patients [25].
Nevertheless, the studies conducted so far on the lat-
ter group are promising. Related to the prevalence of
the cancer type, most of these studies were conduct-
ed on children suffering from ALL during rehabilitation
[4,17,26,27]. Parameters tested in these studies com-
prise cardiorespiratory capacity, bone mineral density,
flexibility, and aspects of health-related quality of life
[2]. However, the reported effects of physical exercise
on pediatric cancer patients were considered as not ful-
ly convincing, mainly due to the small sample sizes and
methodological problems [2].

Motor skills in children develop rapidly. Any inter-
ruption of this development, e.g. in the course of a can-
cer disease and its treatment, can lead to a retardation
in a number of these skills [28]. This can be accompa-
nied by psycho-social consequences in affected individ-
uals when interacting with other members of their age
group. A decrease of balance ability is assumed to be
one side effect of childhood cancer, depending on the
cancer type, the treatment, and the time elapsed since
treatment [27,28]. Balance is defined as the ability to
maintain the body’s center of mass within the base of
support [7,29]. It is one of the most important motor
skills since it is needed in almost every activity of dai-
ly life. However, systematic studies on balance abilities
in pediatric cancer patients are rare, especially with re-
spect to physical activity in rehabilitation [27,30].

The aim of the present study was to investigate the
effect of a one-week winter sports camp with an intense
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skiing program on pediatric cancer patients. The effects
were compared with corresponding measurements in
healthy controls that also participated on the winter sport
camp and on pediatric cancer patients who participated
in “regular” pediatric cancer rehabilitation programs. The
study was part of a larger joint project between the Uni-
versity of Hildesheim, the Medical University Hannover,
and the Pediatric Clinic Bad Oexen (all Germany).

Methods

A total of 31 pediatric cancer patients and eight
healthy children (HG) participated in the study. Of the
31 cancer patients, 18 children formed the intervention
group (IG; 9 boys and 9 girls) with an average age of 10.2
+ 4.6 years (mean * SD). Most of the children of the IG
had suffered from and been treated for leukemia (N =
13), the entities of the other children were brain tumor
(N =2), bone tumor (N = 2), and lymph gland tumor (N =
1). Patients of the |G were out of therapy between six and
60 months (on average 24 months). The control group
(CG) consisted of 13 childhood cancer survivors (7 boys
and 6 girls) with an average age of 9.6 + 2.1 years. As in
the IG, leukemia was the most frequent entity (N = 10).
One girl suffered from brain tumor, one boy from tumor
of the parotid gland, and one girl from myelodysplastic
syndrome. The time interval since termination of cancer
therapy varied between three and 31 months (average
14.5 months) in this group. Side effects of the cancer
therapy were expressed in various ways and severities in
the members of both groups, ranging from minor distur-
bances in coordination, initial signs of fatigue syndrome
to temporary loss of sense of vision and hearing in one
child. The HG consisted of eight children (5 boys and 3
girls) with an average age of 12.3 + 3.3 years, most of
them being siblings of the children of the IG.

Most patients of the IG and the HG were participants of
one out of four one-week ski camps, conducted in March
of the years 2015 to 2018. Two children (both of the 1G)
participated in two camps. In these children, only the
data obtained from their first camp were considered for
the present study. Within the camps, the children were
guided in groups of up to five members by experienced
guides who were familiar with the individual health relat-
ed situation of the children. Thus, the guides were able
to adopt the duration and intensity of the activities and
exercises to the specific resilience of the group members.
The groups consisted of children of both, the IG and the
HG, i.e. the participants within a group followed the same
training program. The groups were skiing twice a day for
about two hours each, performing skiing-specific techni-
cal exercises and downhill runs. The first comprised basic
exercises of the “one-ski-method” [31], with the number
of runs increasing slowly following the improved fitness
and skill level of the group members. The guides were
free to organize the training program spontaneously ac-
cording to the current situation.

Members of the CG were embedded in regular
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phy-siotherapeutic activities, i.e., they underwent a sta-
tionary rehabilitation including two to three sport or
movement therapy programs per week. The programs
comprised different physical activities such as ball games,
climbing, horse riding or swimming. The duration of the
sessions was about 90 minutes each. Again, and accord-
ing to the common practice of the therapy center, the
therapists were free to shape the training program. Since
the goals of the regular therapy were of a rather general
nature, a focus on specific motor skills was not given.

Balance abilities were tested twice, in the IG und the
HG first at the beginning of the six days (pre-test) of in-
tervention, and second on the last day of the interven-
tion (post-test). In the CG, the test was performed in the
same time interval in the course of the regular rehabili-
tation program.

The tests were conducted by using a Wii Nintendo
Balance Board® (NBB) (Model RVL-021, Kyoto, Japan)
equipped with a “Low Cost Force Lab” software (Biovision,
Version 2015a, Wehrheim, Germany) as the measure-
ment device. The NBB offers a simple platform with four
measuring sensors and can detect, save and analyze the
vertical ground reaction forces of the NBB with smoothed
100 Hz signals. The device was positively evaluated re-
garding its reliability and considered being appropriate
to measure standing balance in clinical settings [32]. The
NBB was connected to a laptop via Bluetooth to visualize
the performance. The visualization consisted of a red dot
on the screen which marked the center of pressure and
the challenge for the test persons was to keep the point
in position for 30 seconds. Each leg was evaluated sepa-
rately as well as both legs together. The system calculated
the Mean Euclidean Distance to the center of pressure.
Thus, the smaller the value the more stable was the trial.

All participants and their parents were informed
about the aims of the study and everyone was free to
quit the participation at any time without justification.
The ethics committees of the Hannover Medical School
(for the IG) and of the University of Hildesheim (for the
CG) gave approval, and the parents of the participants
signed informed consent prior to the first test.

Comparisons between the groups (IG, CG, and HG)
were calculated by one-way ANOVA with LSD (least signif-
icant difference) post-hoc test. Comparison of the results
of pre-test and post-test as well as comparisons between
the results of the right and the left leg were analyzed with
a paired T-test, respectively. Because several T-tests were
calculated on the data, Bonferroni adjustment of P-val-
ues was performed (Padj'). Resulting Pud/.’-values > 1.0 were
rounded down to 1.0 [33]. P-values lower than 0.05 were
considered significant. The statistical analyses were con-
ducted using the software package IBM SPSS Statistics
v23. For paired T-tests, the effect size was calculated by
using the software GPower v3.1.9.2.

Results

As expected, the results of the two-leg trials were
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Table 1: Results of the pre-test (pre) and the post-test (post) of the Intervention Group (IG), the Control Group (CG), and the Healthy Group (HG). Values given in Mean Euclidian Distances,

except for the dimensionless coefficient of variation and the P-values. Asterisks indicate significant P-values after Bonferroni adjustment.

Bipedal
CG (N=13)

(N=8)

HG

0.55+0.26
0.49+0.23
1.000
0.796
47.12

48.19

0.25
0.19
0.97
0.81

0.60 + 0.29
0.56 + 0.29

1.000
0.262
48.83
51.28
0.30
0.25
1.05
1.00

IG (N = 18)

0.78 £ 0.42
0.56 +0.18
0.189
0.594
54.00

32.73
0.34
0.33
1.81

1.09

Left Side
CG (N = 13)

=8)

HG (N

0.71+£0.16
0.67 £ 0.16
1.000
0.431

22.28

24.16

0.40
0.43
0.86
0.84

0.87 £ 0.26
0.85+0.25

1.000
0.114
29.36
29.60
0.54
0.56
1.54
1.40

IG (N = 18)

1.32+0.68
0.82+0.23

0.009

0.953
51.17

27.36
0.67
0.51
3.34
1.30

Right Side
CG (N =13)

(N=8)

HG
0.83+0.15

0.74 £ 0.25

1.000
0.576

18.09
34.11

0.63
0.43

1.07

1.15

1.02+0.25
0.97 £ 0.26
1.000
0.388
24.65

26.79

0.59
0.60
1.50
1.30

IG (N = 18)

1.18 £ 0.58
0.77 £ 0.16

0.018"

0.864
48.84

21.33
0.66
0.51
2.63
1.05

pre

Mean £ SD

post

Mean £ SD

P-value’ (paired T-Test)

Effect size

pre

Coefficient of variation

Coefficient of variation___

Minimum value

pre

Minimum value___
Maximum value

pre

post

Maximum value

‘Bonferroni adjusted P-values (nominal P-values x 9).
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better than those of the one-leg trials (Table 1). Al-
though the IG showed on average markedly higher val-
ues (i.e. less stable trials) on the both-leg trials in the
pre-test than the other groups, the difference was not
statistically significant (P = 0.212; one-way ANOVA).
All groups showed better result in the both-leg trials in
the post-test than in the pre-test, with all three groups
exhibiting very similar values in the post-test. Improve-
ment of balance (decrease of Mean Euclidean Distance)
from the pre-test to the post-test was highest in the IG,
although statistically not significant after Bonferroni ad-
justment (Padj‘ = 0.189; paired T-test; effect size 0.594).

Much larger differences as in the both-leg trials were
measured in the single-leg trials. Here, the mean values
of the IG showed the highest Mean Euclidian Distances
(poorest balance ability), the HG the lowest (best bal-
ance ability; Figure 1) in both, pre-test and post-test.
Concerning the differences between the groups in the
pre-test, one-way ANOVA revealed significant differenc-
es for the left leg trials (P = 0.008). Here, the post-hoc
test indicated significant differences between the IG and
the CG (P = 0.016) with better results for the CG, and be-
tween the I1G and the HG (P = 0.006) with better results
for the HG (Figure 2).

As in the both-leg trials, an improvement of balance
ability in the post-test compared to the pre-test was re-
corded for the single-leg trials in all groups. However,
balance abilities in the CG and the HG improved only
slightly and non-significantly (Padj.> 0.05), whereas the
improvement in the I1G was significant for both single-leg
trials (Padj.: 0.018; effect size 0.864 for the right side, Padj.:
0.009; effect size 0.953 for the left side; paired T-test),
thereby leading to values close to those measured in the
HG and better than those of the CG (Figure 1). Differenc-

es in the post-test between the groups were found for
the right leg-trials (P = 0.024; one-way ANOVA) resulting
from significant differences between the IG and the CG
(P =0.016; post-hoc test), and between the CG and the
HG (P = 0.023; post-hoc test).

The marked decrease in the Coefficient of Variation
(CV) between the pre-test and the post-test in the 1G
in all trials including the both-leg trial (Table 1), reflects
the homogenization of the performance in the children
of the 1G. In the other two groups, the CV differed only
slightly between the pre-test and the post-test.

—= |G right
= |G left
=== CG right
— CG left
HG right
— HG left

1.407]

1.20]

1.00

Mean Euclidean Distance

0.807

0.607

T T
pre post
Figure 1: Results of the single-leg trials. Comparison of
the average Mean Euclidean Distance for the groups in the
pre-test and the post-test. Note that the values of the IG in
the post-test are close to that of the HG.

a M Ri M Left pre
( ) O E:g:; ggest (b)*m Left post
3.0 3.0
16
218

[ @ ol
8 £
£ i
8 2.0 Q2.0
2 £
S S 19
|.|=.l u:j o

1.07 @ 1.07 é

P=0.018 P=0.009
P=0.016 L | : P=0.016
0.07 P=0.023 0.07 : P=0.006
G ce He I cG He

Figure 2: Results of the single-leg trials. The box plots show the results of the right leg (a) and the left leg (b) trials. Significant
differences between groups are indicated (intra-group comparison: T-test with adjusted P-values; inter-group comparison:
ANOVA with P-values of the LSD post-hoc test).
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Table 2: Comparison between right and left side in pre-test
and post-test in the Intervention Group (IG), the Control Group
(CG), and the healthy control group (HG). Paired T-test with
Bonferroni adjusted P-values.

N Right Side Left Side P-values’ Effect size
IG,, 18 1.18+0.58 1.32+0.68 1.000 0.326
IG_., 18 0.77+0.16 0.82+0.23 1.000 0.280
CG,, 13 1.02+0.250.87 +0.26 0.204 0.668
CG,, 13 0.97+0.26 0.85+0.25 0.930 0.429
HG _ |8 0.83%0.150.71+0.16 0.354 0.781
HG __, |8 10.74+0.25 0.67+0.16 1.000 0.250

‘Bonferroni adjusted P-values (nominal P-values x 6).

In the pre-test and in the post-test, the results of the
right-leg trials were slightly better than those of the left-
leg trials in the CG and the HG. In the IG, lower values
were obtained in the left-leg trials. Regarding this sym-
metry of the trials, however, no significant differences
were found between the sides within the groups (all
Padj’—values > 0.05; paired T-test; Table 2).

Discussion

The aim of the present study was to investigate the
effect of intense alpine skiing on balance abilities in pe-
diatric cancer patients. The study showed that (a) pe-
diatric cancer patients that were not included in sys-
tematic rehabilitation programs (here: IG) showed the
poorest balance ability prior to the intervention, (b) that
pediatric cancer patients that participate in a systematic
rehabilitation program (here: CG) show better but still
reduced balance abilities compared to healthy controls
(here: HG). The study further showed that the members
of the IG improved their balance abilities significantly
within a rather short time period to values close to that
of their healthy counterparts (HG) and better than the
values of the members of the CG. No negative effects of
the intense training on the young cancer patient were
observed during the intervention.

For a patient, fighting against cancer means not only
to overcome the disease itself but also to cope with the
partly severe side effects of the therapy. There is grow-
ing evidence that physical activity can provide positive
effects for the patient on several aspects associated
with the disease, its sequels, and the side effects of the
therapy. For example, the weakened muscles can suc-
cessfully be strengthened [34-36], and positive effects
on the fatigue syndrome, a common side effect in can-
cer therapy, are reported [37]. Reduced balance abili-
ty is another common side effect in pediatric cancer
patients, largely independent of the kind of treatment
(surgery, chemotherapy, radiotherapy) [30]. Gait distur-
bances were for instance found in pediatric patients sur-
viving posterior fossa brain tumor surgery [38]. Balance
and postural stability are results of a complex interac-
tion between the visual, somatosensory, and vestibular
systems [39]. Cancer and its treatments can affect one
or several of these systems. It was for example reported
that 30 to 40% of the patients treated with chemothera-
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py developed a peripheral neuropathy as one of the side
effects [40]. Neurogenic impairments, either centrally or
peripherally, might influence the proprioceptive system
and thus lead to a reduced balance ability [29,41].

Reduced motor skill abilities, including balance abili-
ties, in pediatric cancer patients do not only result from
the disease and its treatment but might also, to a certain
degree, be associated with physical inactivity and sed-
entary behavior during and after the treatment [42-46].
This may partly reflect the obsolete view that resting is
the first choice in curing cancer. However, only little is
known about the effect of physical activity on balance
abilities in pediatric cancer patients.

A number of studies showed positive effects of skiing
on several motor skills, including balance performance
[47], in healthy [48] and diseased adult individuals [49].
The latter study investigated elder patients suffering sar-
copenia and concluded that skiing is an effective inter-
vention to combat the disorder and weakness in these
patients. Numerous other positive effects resulting from
snow sport interventions, including self-esteem, stand-
ing balance and gross motor function [50], were also
observed in people with disabilities. The latter authors
emphasized further that the risk of injury was not higher
in those groups than in the general population [50].

A major component in alpine skiing is the need for
control of balance in a highly dynamic system. Each turn
is characterized by a shift of the center of mass outside
the base of support (imbalance) to initiate the change
of direction of the run with a subsequent rapid instaura-
tion of a stable system in which the center of mass proj-
ects on the base of support (balance) [51]. It is therefore
assumed that skiing is highly effective to increase re-
duced balance abilities. The results of the present study
confirmed this view by showing a rapid and significant
increase of balance ability in pediatric cancer patients.

It was beyond the scope of the study to detect the
specific component(s) of the complex ability “balance”
that contributed to the observed improvements. For
example, on the basis of the present data it is unclear
whether the increase of stability was the result of in-
creased muscle strength caused by the intervention pro-
gram or due to other factors. Muscle weakness has been
stated as a common side effect of cancer treatment [27]
and might be one common reason for reduced balance
abilities in pediatric cancer patients [28,30]. According-
ly, a correlation between muscle strength and balance
ability has been reported in ALL long-term survivors who
showed impaired knee extension strength associated
with two times poorer balance scores [27]. To detect
the effect of skiing on specific components of “balance”
(e.g. muscle strength, neurogenic factors, self-confi-
dence), a much more sophisticated analysis of the par-
ticipants’ motor skills is required. However, such decid-
ed analyses were not performed for the present study.
The study was rather part of a larger project in which
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pediatric cancer patients together with their parents
and siblings were removed from the severely exhausting
clinical settings into an environment that allows these
families temporarily to get rid of the burdens that are
associated to a cancer disease in a family member. We
therefore tried to hold the amount of diagnostic proce-
dures as small as possible for the children.

As many other studies, the rather small number of
participants is a limitation of the study. The present
study though contributes to the understanding of the
potential role of physical activity in specific settings in
pediatric cancer therapy, a largely underexplored field
in sport science and the results are promising.

Conclusions

Physical activity in general has the potential to pro-
mote both, physiological parameters and health-related
life quality parameters in cancer survivors [26]. Based
on its biomechanical characteristics, alpine skiing was
considered being an appropriate intervention with a
high specificity regarding balance and postural stabili-
ty to compensate reduced balance abilities in pediatric
cancer patients. The present study demonstrated that
alpine skiing indeed can compensate deficiencies in bal-
ance abilities in pediatric cancer patients within a rather
short time period with almost reaching the level of their
healthy counterparts. A direct comparison to the mem-
ber of the CG, however, is difficult since the amount of
training hours was much larger in our IG with about four
hours skiing per day compared to two to three hours
sports per week in the CG. The different changes in the
balance ability between the groups might therefore also
be related to the training frequency but we assume that
the high specificity of alpine skiing has clear advantages
to compensate deficiencies in balance abilities than gen-
eral rehabilitation programs. The study demonstrated
not only that a significant improvement of the reduced
balance ability is possible but also that such an intense
training is possible to perform with those children with-
out any acute risks. Further studies should proof the
sustainability of the present results and could also eval-
uate possible long-term effects on health-related pa-
rameters, including the recurrence of cancer.
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