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Abstract

Introduction: Despite the positive aspects of taking up physical activity, sport, in general, is inseparably associated
with injuries, as well as straining or overloading of the musculoskeletal system. The aim of this study was to determine
the functional state and injuries among young athletes practicing cross-country skiing.

Material and methods: A total of 65 individuals participated in the study. The test group consisted of 33 individuals
practicing cross-country skiing, while the control group consisted of 32 persons not involved in this sport. The study was
divided into two stages. The first stage consisted of a survey in which participants completed a personal questionnaire
and were asked to answer 17 questions. Next, the Funtional Movement Screen (FMS) test was carried out in both groups
using a specialty devised assessment form.

Results: The assessment of the risk of injury in both groups was similar, no statistically significant differences were
found in this respect (p = 0.992). No statistically relevant relation was between the number of injuries sustained and the
training experience of individuals in the test group (p = 0.056). There was no statistically significant relationship between
the number of sustained injuries and the training experience of individuals included in the test group (p = 0.056), although
this relationship was close to the threshold of statistical significance.

Conclusions: Cross-country skiing training had no significant effect on musculoskeletal injuries. The FMS test result
did not correlate with previously sustained injuries. Individuals who adopted preventive training schemes were less likely
to sustain injuries.
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Introduction

The introduction of physical activity at an early
age is extremely important, as it conditions children’s
proper physical development and growth. Promoting
active and healthy lifestyle strengthens proper health
habits, prevents lifestyle diseases, has a positive effect

on the psyche and overall mental health [1,2]. Despite
positive aspects of taking up physical activity, sport,
in general, is inseparably associated with injuries, as
well as straining or overloading of the musculoskele-
tal system.

Training programs are developed based on move-
ment patterns, i.e. sequential movements which stem

This is an Open Access journal, all articles are distributed under the terms of the Creative Commons Attri-
‘@ ®®@ bution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0). License (http://creativecommons.

org/licenses/by-nc-sa/4.0/).


https://orcid.org/0000-0002-3598-0948
https://orcid.org/0000-0002-2739-421X
https://orcid.org/0000-0003-4633-8878

Advances in Rehabilitation, 2020, 34(1), 32-39

33

from the biomechanics of movement. Incorrectly re-
peated movement patterns during the training of given
sport lead to a decrease in our motor potential and in-
crease the risk of injury [3].

Sport is subject to professionalization and com-
mercialization, unfortunately, this often leads athletes
to push the boundaries and limits of the human body.
To meet the requirements of their club and sponsors,
athletes often neglect certain phases of the training cyc-
le. Reasons may vary and may include shorter resting
periods, lack of awareness, or stress stemming, among
other factors, from competition [4].

Periodicity, i.e. adhering to appropriate training ro-
utines in the training cycle which are included in the
training plan is extremely important. A comprehensive
assessment of a given athlete or athletes should be done
before the preparatory period to reduce the risk of injury
during the season. The basic error many coaches make
is they monitor fitness conditioning and skills of a gi-
ven athlete, while the assessment of the condition and
cooperation between the muscular and nervous system
is ignored. This results in an incomplete preparation of
a given athlete for the season and increases the odds of
overloads and possible injuries [5].

Cross-country skiing is regarded as one of the sport
disciplines with moderate risk trauma and injuries [6].
Although not a contact sport, skiers at the professional
level may reach speeds of up to 80 kilometers per ho-
ur, so any fall may present a serious threat. Research
shows that the most common injuries are bruising and
wounds resulting from falling while performing skating
style. The joint that is the most at risk for injuries is the
knee joint [7].

In cross-country skiing, two main techniques can
be distinguished. The first is the classic style, which
is similar to the natural movement of walking or run-
ning. The classic style is characterized by the paral-
lel movement of skis and alternate work of the upper
limbs, in which the alternating movement consisting
of the variable work of the upper limbs with the lo-
wer limbs can be distinguished. The movement of the
lower limbs occurs in three phases: kick, swing and
glide [8]. The second technique is the skating style.
It is characterized by the angular position of the skis
to the skiing direction. In this style, four steps can be
distinguished [9].

Speed is the main difference between classic and
skating style in cross-country skiing. In skating style,
the skiers reach speeds 15-20% greater than in the clas-
sic style, skis are shorter and poles are longer. Skating
style requires better preparation on the part of a given
athlete [8].

In the available literature, few publications were
found regarding the functional assessment of young

cross-country skiers and the selection of the appropriate
form of training individually tailored for a given athlete
[7]. The correct functional assessment of athletes and
the implementation of optimal training methods is par-
ticularly important when practicing sports at a young
age. This can be reflected in the better performance of
a given athlete later on. That is why it is so important to
broaden the subject of injury concerning athletes prac-
ticing cross-country skiing in current literature. High
level of physical fitness athletes plays an important
role in preventing injuries and overloads. One of the
methods of assessment of the functional state athletes
which may aid in the prevention of injuries is the FMS
— Functional Movement Screen test [10].

The aim of this study was to determine the functio-
nal state and injuries among young athletes practicing
cross-country skiing.

Material and methods

Upon obtaining the consent of the Senate Research
Ethics Committee No. SKE 01-16/2018, 65 individuals
(39 girls and 26 boys) were included in the study. The
test group consisted of 33 study participants practicing
cross-country skiing, while the control group consisted
of 32 study participants who did not practice this sport.
Gender was not a statistically significantly differentia-
ting factor in the two groups (p = 0.919).

Members of the control group attended the same
schools as the participants qualified to the test group
who attended classes with profiles other than sports.
Biometric data of members from the test and control
group are shown in Table 1. The data in both groups did
not differ statistically significantly.

The study was conducted in the period preceding the
commencement of preparation for the winter season in
the Podlasie province at Primary School No. 32 in Bia-
lystok, Public Junior High School No. 12 in Bialystok,
Sports Schools Complex in Suprasl and primary school
in Malawicze Dolne. The criterion for inclusion in the
study group was the cross-country skiing training expe-
rience of over two years, and 11-16 age range, as well
as written consents of participants and their parents or
caretakers.

The criteria for exclusion from the test group we-
re: a recent, severe injury that prevented a given athlete
from attending training and conducting the test, practi-
cing a sport other than cross-country skiing and lack of
consent for participation in the study.

The study was divided into two stages. In the first
stage, the participants were presented with a survey
consisting of a personal questionnaire and 17 closed-
ended and open-ended questions of single and multiple
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Tab. 1. Biometric data of the test and control group

Descriptive statistics

Test group Control group
Parameter x+ SD Min Max x+ SD Min Max p
Age [years] 13.67 +1.36 11.00 16.00 13.63 +1.31 11.00 16.00  0.85
Body weight [kg] 56.50 + 12.04 37.00 85.00 57.00 £5.69 45.00 72.00  0.94
Height [cm] 165.20 + 11.83 145.00 188.00 165.30 +4.28 158.00  176.00  0.81
BMI [kg/m?] 20.45 +£3.61 14.18 32.34 20.85+1.68 18.00 23.51 0.11

choice. The survey contained data on training experien-
ce, the number of training sessions and starts in the se-
ason, a subjective assessment of skills, and information
regarding the warm-up and other complementary sports
activities. The next questions concerned injuries susta-
ined during training or competition. These questions
regarded the type of injury, the topography of injuries,
symptoms, treatment provided and physiotherapy. A re-
searcher was present in the room and explained the
questions to the participants while they completed the
survey.

Then in both groups, the FMS test was carried out
with the use of a specialized assessment chart. The tests
were conducted by a therapist who holds a valid FMS
certificate.

The FMS test includes:

1. Deep Squat test. It is used to test the overall body
mechanics and bilateral, symmetrical and functional
mobility and stability of the hips, shoulders, knees,
spine, and ankles.

2. Hurdle Step test. It is used to test the mobility and
stability of the entire leg kinetic chain of and core,
as well as stability of pelvis, torso and hip joints.

3. In-line Lunge. It is used to test the stability and mo-
bility of the torso, as well as to determine the ability
of the torso to counteract the rotary forces while ma-
intaining the correct position.

4. Shoulder Mobility. Assessment of the bilateral mo-
bility of the shoulder, combining the ability to in-
ternally rotate and adduction, as well as the ability
of external rotation and abduction. This test is also
used to determine the extent of mobility in the sho-
ulder and thoracic spine.

5. Active Straight-leg Raise. It is used to assess the
flexibility of the hamstring, as well as the gastroc-
soleus muscles while maintaining the opposite leg
(actively) extended.

6. Trunk Stability Push-up. It is used to test the stabili-
ty of the torso in the sagittal profile during a symme-
trical pushing movement of both arms.

7. Rotary Stability. Test of rotary stability in the sagit-
tal profile during a symmetrical movement of both
arms.

According to Lemiesz et al. methodology for perfor-
ming the FMS test Includes the following criteria:

e The test is performed without a warm-up,

e The participant performs 3 repetitions of each task,

e The researcher assesses only the best trial,

e When in doubt, the researcher always gives a lower
rating,

e The participant performs the test in a sports outfit
and flat sports footwear [11].

The participants are rated on a scale of 0 to 3 points.

To be awarded 3 points, the individual performing the

test must carry out the task correctly without compen-

sation patterns. If a given person received 2 points, he
or she performed the test with compensation patterns.

If a person cannot perform the test, 1 point is awarded.

If pain occurs while the test is carried out, 0 points are

awarded. A person can obtain 21 points maximum. If

the examined person scores between 21 and 18 points,
this means that he or she is healthy, his or her body
maintains the correct movement pattern and the risk of
overload or strain injury is minimal. However, a person
who obtains from 17 to 15 points has distorted move-
ment patterns and the occurrence of overload or strain
injury is very probable. A score of 15 points or less me-

ans that there is a high risk of injury [12].

Statistical analysis
Statistical analysis of collected data was carried out

in Statistica 13.1 developed by StatSoft. For the ana-

lysis of variables both parametric and nonparametric
tests were used. The choice of the parametric test de-

pended on the fulfillment of its basic assumptions, i.e.,

the conformity in the distribution of variables tested

with the universally acknowledged distribution of va-
riables (data), which was verified by applying the Sha-
piro-Wilk test. To assess the differences in the mean
level of the statistical feature in two populations, the
t-Student test for independent variables was applied.
In the alternative assessment, the non-parametric
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Mann-Whitney U test was applied. The correlation
between two variables that did not meet the criteria
of universally acknowledged distribution of variables
was determined by applying Spearman’s rank correla-
tion coefficient. The analysis of variables regarded as
qualitative data was carried out by applying Pearson’s
chi-squared test. The strength of the relation between
the variables in the 2 x 2 contingency tables (cross-
tabulation) was determined by applying the Phi (coef-
ficient) test. Descriptive statistics were calculated for
the numeric variables. The level of statistical signifi-
cance was established at p < 0.05.

Results

For the members of the test group, the training
experience was 4.67 years + 1.73 years on average.
During the season, the study participants took part in
competition 10.30 £ 4.77 times on average. They ra-
ted their skiing skills subjectively, at an average level
of 6.97 + 1.99 points. on a scale of 0-10. During the
week, the individuals taking part in the study trained
5.21 £ 1.54 times on average. Most members of the test
group (93.9%) performed warm-ups before proper tra-
ining. 14 members of the test group (42.4%) declared
that they also do other sports activities complementary
to their training. Within the control group, 15 people
(46.9%) engaged in physical activity in their free time
(excluding skiing). The discrepancy between the gro-
ups regarding taking up additional physical activities
was not statistically significant (p = 0.718).

17 members of the test group (51.5%) sustained
injuries during training or competition. 15 members
of the control group (46.9%) suffered an injury whi-
le performing any type of physical activity other than

cross-country skiing. This discrepancy was not statisti-
cally significant (p = 0.708). The frequency of occur-
rence of injuries also did not statistically significantly
differentiate (p = 0.169), nor did the topography of inju-
ries (p = 0.745) (Fig. 1).

21 members of the test group (63.6%) applied pre-
ventive training procedures to avoid injuries. Statisti-
cally, these athletes did indeed sustain injuries signi-
ficantly less often than their competitors who did not
incorporate preventive training (p = 0.000).

The test and control groups did not differ signifi-
cantly in the circumstances in which injuries occurred
(p = 0.339). Only members of the test group required
medical intervention as a result of sustained injury,
which statistically significantly differentiated them
from members of the control group (p = 0.044).

Only 3 members of the test group were provided
with treatment (physiotherapy procedures). They we-
re provided the treatment 2.33 + 1.15 times a week on
average for an average period of 3.67 + 2.08 month(s),
and they regained physical fitness after a month.

All athletes in the test group also practiced other
sports, such as: sprinting, cycling, swimming, modern
dance, long jump, hurdling, handball, football, long-di-
stance running, and basketball. As a result of practicing
these sports, the study participants suffered injuries
such as micro-damages of the forearm, shoulder and
knee joints, ankle and knee sprains, lower limb fractu-
res, ankle, and radiocarpal joint sprains, bone fractures
in the vicinity of the knee and radiocarpal joints, musc-
le strain, dislocation of lower limb fingers. The follo-
wing training schemes were applied to prevent injuries:
balance exercises, stretching, strength exercises, and
stability training.

Sports most often practiced among members of the
control group were: cycling, handball, running, karate,
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Fig. 1. Topography of injuries
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football, and volleyball. The most common injuries in
this group were: ankle sprains and muscle strain.

Overall results of the FMS test regarding members
of both the test group and the control group expressed
on the FMS scale are presented in Table 2.

The interpretation of collected data regarding the
risk of injury depending on the outcome of the FMS
test and score obtained on the scale is illustrated in Fi-
gure 2. The assessment of the risk of injury in both exa-
mined groups did not differ statistically significantly
(p=10.992).

Research showed a lack of a statistically significant
relation between the FMS score and the training expe-
rience of the members of the test group (p = 0.739).
Furthermore, no statistically significant relation was fo-
und between the FMS score and the number of injuries
(p =0.997). There were no significant differences in the
FMS test results on account of sex of the study partici-
pants, as shown in Table 3.

Research also showed a lack of a statistically signi-
ficant relationship between the number of sustained
injuries and the training experience of the members
of the test group (p = 0.056), although this relation-
ship was fairly close to the threshold of statistical si-
gnificance. This correlation was positive (R = 0.47),

Tab. 2. FMS test results in the test and control group

which could suggest an increase in the number of in-
juries along with acquiring more training experience
by the study participants. Furthermore, no statistically
significant relation was found between the FMS score
and training experience of members of the test group
(p =0.739), as well as between the FMS score and the
number of injuries sustained by members of the test
group (p = 0.997).

The test result in the test group depended on the age
of its members It is a statistically significant factor. Chi-
square is 28.282, p = 0.013. The ANOVA test results
also show that a correlat ion exists between age groups
p =0.002.

Discussion

The aim of this study was to determine the func-
tional state and to compare it with injuries occurring
among young athletes practicing cross-country skiing.

Children’s physiology significantly differs from one
of the adults. Adamczyk et al. observed an upward trend
in injuries as a result of sports activities. Most prone to
injuries were athletes involved in sports, which requ-
ired them to maximize their fitness. Often, this concer-
ned people who practiced were sports on an amateur

Descriptive statistics

FMS - total score —

n X Me Min Max Ql Q3 SD
Test group 33 16.67 18.00 1.00 21.00 16.00 19.00 3.64
Control group 32 16.63 17.50 1.00 20.00 15.50 19.00 3.62
Total 65 16.69 18.00 1.00 21.00 16.00 19.00 3.60
Significance (p) Z=0.20p=0.837
60.00%
50.00%
40.00%
30.00% mTest group
Control group
20.00%
10.00% l
0.00%
Minimal risk of Propable risk of  High risk of injury
injury injury

Fig. 2. Risk of injury as per the FMS test results
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Tab. 3. Description of the sum of FMS test results on account of sex of the study participants

Descriptive statistics

FMS — total score

n X Me Min Max Q1 Q3 SD
Females 20 16.65 18.00 1.00 21.00 15.50 19.00 4.44
Males 13 16.92 17.00 14.00 20.00 16.00 18.00 2.02
Total 33 16.76 18.00 1.00 21.00 16.00 19.00 3.64

Significance (p) U=0.68 p=0.495

level without in-depth knowledge of a given sport. [13].
Cross-country skiing is a sport that requires motor co-
ordination skills necessary to master the alternating
movements of the upper and lower extremities. This
sport is characterized by various forms of training and
special strength conditioning [14]. All these factors in-
crease the risk of overloading the movement apparatus
and, by consequence, injury. In a study by Boguszew-
ski et al. [7], the authors proved that the most common
injuries among skiers were: bruises, incised wounds,
muscle strains, and sprains. Joints most prone to injury
were: the knee joint, radiocarpal, ankle, and shoulder-
scapular joints, which coincides with the results of own
research. Other authors have shown that the most fre-
quently damaged parts of the body were: the knee joint,
ankle joint and fingers of lower extremities [15]. Based
on own research, it has been proven that the most com-
mon injuries include sprains, strains and bruising.

Authors of another study, after analyzing the results
of 150 young athletes practicing cross-country skiing,
proved that the body areas most exposed to injuries we-
re the knee and ankle joints [16,]. Authors of yet ano-
ther publication argued and proved that the most frequ-
ent injuries concerned the knee, shoulder-scapular joint,
and lumbar section of the spine [17]. The results of the
research presented in the aforementioned publication
coincide with our findings.

Apart from the analysis of the specific nature of the
sport that is cross-country skiing, another important ele-
ment of the study described herein was the assessment
of functional disorders of athletes. FMS is a screening
tool that selectively assesses basic movement patterns
to determine the risk of injury. In the study by Schne-
iders et al. [10] 209 physically active people aged 18
to 40 years were examined (108 women and 101 men),
with no recent history (<6 weeks) of musculoskeletal
damages. As a result, the compliance factor (ICC3,1)
was demonstrated, which proves the optimal complian-
ce of the FMS test [18].

Performing the functional assessment by applying
the FMS test is a popular method and data gathering

tool used by physiotherapists. Currently, it is also used
to test and assess professionals, such as firefighters and
soldiers [19]. The credibility of the test is determined
by the possibility of being repeated several times at dif-
ferent times by the same individual, or at the same time
by two different people, and in both cases gives the sa-
me result. The FMS repeatability study showed that the
test can be used to assess mobility in various sports. The
compliance level in the Functional Movement Screen
test results (FMS) carried out by two researchers was
high (ICC = 0.98) [20].

Other significant advantages of the FMS test, which
the authors point out, are safety, availability, and ease of
execution, and the ability to assess the patient’s functional
state by observing movement patterns, as well as determi-
ne therapy progress and reduce the risk of injury [21].

Analysis of source texts shows that athletes who
scored less than 14 points in the FMS test were more
prone to injuries [22]. According to the interpretation
of the FMS scale results, during the tests in the case of
33 athletes (50.8%) the risk of injury was assessed as
minimal, in the case of 24 athletes (36.9%) it was de-
fined as probable, and in the case of 8 athletes (12.3%)
as high. The assessment of the risk of injury in the two
examined groups was similar, no statistically signifi-
cant differences were found in this respect (p = 0.992).
It was also confirmed that applying the FMS test allows
for monitoring and comparison of athletes’ achieve-
ments. Athletes who had the lowest test score (below
14 points) later on sustained injuries. Researchers have
shown that increased occurrence of injuries correlated
with relatively low FMS test results [23].

One of the base assumptions of the FMS concept
is that basic movement patterns are the outcome of
the combination of other constituent elements, such
as mobility, stability, and neuromuscular coordination.
Their disorders contribute to the occurrence of abnor-
malities in the movement apparatus of a given person
and predispose to compensation in various areas of the
body, which increases the risk of injury for a given
athlete [24].
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Vrbani¢ et al. In a study on static and dynamic ba-
lance, proved that the stability indicators discussed
in the article may be effectively used as factors in the
detection of the risk of injury that arises as a result of
abnormalities regarding neuromuscular control [19].
This means that movement deficits occur in the athle-
tes’” bodies, which are eventually replaced by incorrect
compensation. In the study discussed herein, the resear-
chers noted that both groups have problems in tests that
require rotary stability.

The authors of this study found that just over half of
the members of the test group (63.3%) applied preven-
tive training schemes and procedures to avoid injuries.
It is safe to assume that this is associated with a low
level of awareness regarding the risk of injury among
athletes. Most often athletes used stretching, strength
and stabilization training as preventative measures.
Injuries occurred more often during training sessions.
Every third skier had to resort to medical intervention
in the past as a result of an injury. The study showed
that whether an athlete sustained an injury indeed de-
pended significantly on applying preventive training to
prevent injuries. Athletes who carried out preventive
training were less likely to get injured. The research by
Boguszewski et al. [7] shows the significance of the tra-
iner-physiotherapist relation. Research has confirmed
faster recovery for athletes who have undergone im-
mediate physiotherapy treatment. As part of the thera-
peutic procedure after an injury, the PRICEMM method
was implemented [7].

In conclusion, one of the goals of own research was
to demonstrate the practical value of the FMS test for
the purposes of the prevention and correct diagnosis.
Thorough knowledge of a given athlete’s weaknesses
will allow for better results next season. It was a good
impulse for the coaches of the clubs from which the
athletes were tested. They were instructed on the po-
ssibility of a functional assessment of their athletes.
The study concerned the impact of injury assessment
and its contribution to a more thorough recognition of
functional hazards arising from cross-country skiing
training, which could translate into developing opti-
mal preparatory training.

It should be emphasized that this study allowed to
determine the degree of injury occurring among young
athletes practicing cross-country skiing (age range of
11-16 years). The quality and range of movement was
examined, which in the future may contribute to the
modification of the training scheme and implementa-
tion of exercises with which the athletes had the biggest
problems. During the test, the participants were instruc-
ted on how to properly perform the exercises and were
made aware of the consequences of neglecting preven-
tive training.

Additionally, research in the current literature on the
subject showed there were very few studies regarding
the above-mentioned sport.

Despite the high compliance rate — ICC (3.1), own
research was limited to only one test carried out by one
researcher. An aspect that could also have an impact on
the FMS test result is the time discrepancy, i.e. the time
elapsed between the occurrence of injury or overload
and the time the test was carried out. An additional pro-
blem encountered in the control group was the lack of
knowledge of individual FMS tests among its members,
which could be the reason for the incorrect performance
of individual tasks that make up the entire test.

Another factor limiting research is the possibility
of overinterpretation of the FMS test results in some
sports. No information was found in the current litera-
ture regarding false interpretation of the FMS test re-
sults in case of cross-country skiers, although perhaps
in case of joint hypermobility or an inexperienced rese-
archer there may occur instances of overestimation of
the FMS test results, which may lead to the imposition
of too much training load and, as a result, injuries and
contusions. Therefore, the authors of the study discus-
sed herein recommend treating the FMS test as a scre-
ening tool indicating the risk of injury and introducing
additional tests specific for a given sport to properly
examine athletes practicing given type of sport.

Yet another limiting factor is the inability to exclude
taking up other sports activities by members of the test
group, either as part of the preparation for competition
or simply for pleasure. The authors of this study exclu-
ded athletes who competed in other sport disciplines.
Nowadays, the increasing availability and promotion
of physical activity are an encouragement for people to
try different sports. However, it cannot be ruled out that
practicing different sport by members of the test group
has in some way translated into overload, subsequently
leading to injury.

Conclusions

1. Cross-country skiing training had no significant ef-
fect on musculoskeletal injuries.

2. The FMS test result did not correlate with previous
injuries.

3. People who take up preventive training are less like-
ly to sustain injuries.
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