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Rnstract Background. Short-track speed skaters who regularly participate in training are exposed to the occurrence of asymmetry
in the lower limb loading.

Objective. The study aimed to assess the symmetry of the lower limb loading in short track skaters and the relationship between
age, training experience and anthropometric variables and symmetry of lower limb loading.

Methods. The examined group consisted of 20 short-track speed skaters (12 men and 8 women), and the control group comprised
28 university students (14 men and 14 women). Two scales were used to assess the symmetry of lower limb loading, and the lower
limb’s loading symmetry index (LSI) was calculated.

Results. In the studied groups 65% of skaters and 82% of students have LS| within the normal range. Most short-track speed
skaters (85%) put weight on the right lower limb, and there was no clear trend among students (p < 0.001). In the group of skaters,
the majority of men (83%) properly loaded their lower limbs, compared to 37.5% of women (p = 0.036). In short-track speed
skaters, positive correlations were found between LS| and the age and length of training.

Conclusions. Long-term asymmetric loading of the lower limbs in short-track speed skaters causes the advantage of the load on
the right lower limb and increases the asymmetry of the load on the lower limbs, especially in women.

Key words: short-track speed skaters, loading symmetry index, asymmetry of lower limb loading

Vol. 41, No. 1/2023 61



I Antonina Kaczorowska, Magdalena Dajczak, Agata Mroczek, Ewelina Lepsy

Introduction

Professional sports practice is associated with frequent injuries and overloads (Gallo-Vallejo et al., 2017;
Okamura et al., 2014; Osteras et al., 2013). Especially among young athletes, frequent and intense training in
a forced position may result in overload changes. Skaters and ice hockey players in the phase of bone growth and
shaping body posture are exposed to asymmetry, a curvature of the spine or other overloads (Okamura et al., 2014;
Sainz de Baranda et al., 2020).

Short-track speed skating is a form of competitive ice speed skating. In competitions, multiple skaters (typically
between four and six) skate on an oval ice track. The speed skaters are only required to skate in a counter clockwise
direction — the short track measures 111.12 m. The rink is 60 metres long by 30 metres wide, the same size as an
Olympic-sized figure skating rink and an international-sized ice hockey rink. The distances range from 500 m to
5.000 m (Pakosz et al., 2016).

Thelong track and short track are considered two forms of speed skating — most of the research on speed skating
concerns long-track rather than short-track. Long track speed skating is a speed event contested on a 400-meter
oval rink with two straightaways and two turns. The much shorter (111.12 m) short-track oval leads to more acute
cornering angles and a greater number of corners for comparable distances (Hesford et al., 2012 a). Short-track
speed skaters are able to get extremely low to utilise their momentum on turns. That signature hand-on-the-ice
technique is also crucial for short-track skaters as they fly around tight corners (van der Kruk et al., 2019). It was
shown that after the same training session, short track skaters were more tired than long track skaters, due to
competition on a shorter track, with shorter straight sections and tighter turns, differences in intra-muscular pressure
and aerobic physiology (Hettiga et al., 2016). There are differences in lower limb asymmetry among short-track
speed skaters and long-track speed skaters (Hettiga et al., 2016).

In short track skating, the skater’s full attention is focused on the turns where the skaters have to balance
the centrifugal force through the gravity of their body. This combined action of centrifugal forces and body weight
significantly increases the load on the muscles of the lower extremities. Entering a bend, the skaters try to sit down,
and at the end of the bend, there is a centrifugal force that the skaters must balance. Low-skilled short-track skaters
stand up, which reduces the speed of movement, and more skilled athletes change the torso angle to the ice to
25-30 °. In doing so, the athlete reaches out with their right arm and leans over the corner to counter the centrifugal
force. To keep their balance, their left-hand touch the ice and takes a bend on one foot. These motor actions reduce
the buoyancy force’s effect, and the time worked out between the fourth and sixth chips leads to the addition
of forces (centrifugal and gravity) and contributes to further gaining speed (Ashanin et al., 2021).

Short-track speed skaters who regularly participate in training are exposed to the occurrence of asymmetry in
the load on the lower limbs (Pakosz et al., 2016). Prolonged adoption of a forced, often asymmetrical body position
may also disturb postural stability and balance. Bilateral asymmetry has been a predictor of injury (Croisier et al.,
2008) and largely influence sports performance (Menzel et al., 2012).

The study aimed (1) to assess lower limb loading symmetry index (LSI) in short-track speed skaters (men
and women) and compare them to non-training people, and (2) to assess the relationship between age, training
experience and anthropometric variables and lower limbs loading symmetry index.
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Material and Methods

Study design and setting

The research was conducted in March 2019 at the AZS University Club of the Opole University of Technology
and students from the University of Opole in Poland. The research was carried out under the Declaration of Helsinki
and Good Clinical Practice guidelines. The Bioethical Commission approved all procedures at Opole Medical
School (permission no KB/166/F1/2019). The STROBE guidelines (Strengthening the Reporting of Observational
Studies in Epidemiology) were followed.

Participants

A total of 48 participants took part in the study. In the first group were 20 short-track speed skaters (12 male
and 8 female) from the Academic Sports Association of the Opole University of Technology. The inclusion criteria
were (1) being an active short-track speed skater, (2) having a minimum of one year of experience in short-track,
and (3) voluntary consent to participate in the study. The control group consisted of 28 physiotherapy students (14
male and 14 female) from the University of Opole. The inclusion criteria were (1) professional not practising any
sports discipline and (2) voluntary consent to participate in the study. Exclusion criteria for both groups included (1)
infection or disease within the last two weeks, (2) injury within the last four weeks, which could affect the balance
and stability of the participant’s posture, and (3) lack of consent to participation in the study.

Methods

The height and body mass were measured, and the Body Mass Index (BMI) was calculated. The age and
number of years of training were determined. In order to assess the lower limb loading symmetry, a test of two
scales was performed. Two identical BISK bathroom scales with a digital display, enabling measurement with an
accuracy of 0.1 kg, were used for the test, which had been previously calibrated so that the test was performed
correctly. The participants were in a standing position, with their feet evenly spaced on two scales standing next
to each other, with the upper limbs lowered along the body and the eyes directed straight ahead. The participants
did not have any jewellery, watches or other things that could distort the study results. The load results for each
limb were recorded. Loading symmetry index (LSI) was calculated as the quotient of the greater to the lower value.
The correct value ranges from 1.00-1.15 (Czesak et al., 2011).

Additionally, before the measurements, the participants were asked to provide information about which leg
they kicked the ball. This question was asked to compare the result given in qualitative form provided by the study
based on their experience, a simple test result: in an upright, relaxed, standing position, participants were asked
to: kick the dropping paper ball. The experiment was repeated three times. The leg that made the kick was found to
be a functionally dominant lower limb, and all skaters had a dominant right leg. The control group included students
also with the dominant right leg.

Statistical methods

Descriptive statistics were calculated — mean (M), median (Me), standard deviation (SD), lower (Q1) and upper
(Q3) quartile. The distribution of variables was assessed for normality using the Shapiro-Wilk test. Non-parametric
methods were used. The Mann-Whitney U-test was used to assess the significance of differences between short-track
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speed skaters and students. The results of qualitative scales in the analysed groups were compared by chi*2
of non-parametric Spearman’s rank correlation coefficient was used to assess the relationship between age,
training experience, anthropometric variables, and the lower limb loading symmetry index. The calculations were
made in the Statistica 13.3 program (TIBCO Inc., Tulsa, the United States). The level of p < 0.05 was adopted for
the assessment of statistical significance.

Descriptive data

The short-track speed skaters were younger than the students (p < 0.001). The median of experience was
6.00 years (table 1).

Tallle 1. characteristics of the short-track skaters and students

Variables Group M +SD Me Q1-Q3 Z p
short-track skaters 18.80 +5.77 175 145-215
Age [years] -3.387 <0.001
students 22.39 +1.44 22.0 22.0-23.0
X short-track skaters 167.05 £13.79 169.5 158.5-179.5
Body height [cm] -1.714 0.086
students 174.46 £7.33 174.00 22.00 - 23.00
short-track skaters 63.74 £15.20 63.45 54.50 - 75.35
Body mass [kg] -1.495 0.134
students 71.37 £13.16 72.00 59.50 - 81.00
short-track skaters 2247 +2.49 21.78 20.74 - 23.51
BMI [kg/m?] -0.721 0.470
students 23.31+3.19 22.86 20.76 - 25.21
Ye f professional
CaS OTProIeSSIONal oy 14 1o ck skaters 7.60 £5.45 6.00 350~ 9.50 - -

experience [years]

Note: M — mean; SD - standard deviation; Me — median; Q1 - lower quartile; Q3 — upper quartile
Z - the value of the Mann-Whitney test used when the size of both groups is greater than 20, p - significance level of the Z test, statistically significant differences (p < 0.05)
were marked in bold

Main results

In the studied groups 65% of short-track speed skaters and 82% of university students have LSI within the
normal range. The differences between the groups were not statistically significant (Table 2). Most short-track
speed skaters (85%) put their weight on the right lower limb, then 10% on the left lower limb, and 5% on both limbs
equally. A greater proportion of students (43%) put a burden on the left lower limb (43%), the right lower limb (28.5%)
or the same load (28.5%). The difference between the groups was statistically significant (p <0.001) (table 2).

Talle 2. Ls1 and distribution of load among short-track skaters and students

Variables Short-track skaters Students Chi2
n (%) n (%)

Lsi 1<1.15 13 (65%) 23 (82%) Chi2=0.195
>1.15 7 (35%) 5 (18%) p=0.183
P>L 17 (85%) 8 (28,5%) .

- Chi2 = 0.536

Distribution of load L>P 2 (10%) 12 (43%) <0.001

P=L 1(5%) 8 (28,5%) Pt

Note: LSI - loading symmetry index, R rang Spearman’s, statistically significant differences (p < 0.05) were marked in bold
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When comparing the load on the limbs of both sexes in short-track speed skaters, the majority of men (83%)
use proper load on the lower limbs compared to women (37.5%). The difference between men and women was
statistically significant (p = 0.036). In women, there was more asymmetry in the load on the lower extremities.
Among students, the difference between the sexes in the load on the lower limbs was not statistically significant
(p = 0.149). (table 3).

Talile 3. Distribution of load on the lower limbs among short-track skaters and students

Variable Short-track skaters Students
Women Men Chi2 Women Men Chi2
n (%) n (%) n (%) n (%)
| 1<1.15 3(37,5%) 10 (83%) Chi2 = -0.470 10 (71,5%) 13 (93%) Chi2 =-0.279
>1.15 5 (62,5%) 2 (17%) p=0.036 4 (28,5%) 1 (7%) p=0.149

Note: LSI - loading symmetry index, R rang Spearman’s, statistically significant differences (p < 0.05) were marked in bold

Among short-track speed skaters and students, the LS index was on a similar level. The differences were not
statistically significant (table 4).

Table 4. Descriptive statistics for LSI among short-track skaters and students

Variable Group M £SD Me Q1-Q3 z p
short-track skaters 1.11 £0.08 1.09 1.03-1.17

LSl 1.746 0.080
students 1.07 £0.07 1.04 1.00-1.12

Note: LSI - loading symmetry index; M — mean; SD - standard deviation; Me — median; Q1 — lower quartile; Q3 — upper quartile; Z — Mann-Whitney test value used when the size
of both groups is greater than 20, p - significance level of the Z test

Short-track speed skaters found moderate positive correlations between LSI and age (0.509) and length
of training (0.465). Older age and longer training experience increase the asymmetry of the load on the lower
limbs. The relationships between anthropometric variables and LS| were not statistically significant. There were
no statistically significant correlations among students between age, anthropometric variables and LSI (table 5).

Talile 5. correlations between LS| and age, years of training and anthropometric variable

Group Variables Age [years] Years of training BH [cm] BM [kg] BMI [kg/mz]
Short-track skaters LSl 0.509 0.465 0.075 0.100 0.066
Students LSI 0.060 - -0.157 -0.300 -0,347

Notes: BH — body height, BM — body mass; BMI - body mass index; LS| - loading symmetry index; statistically significant correlations (p < 0.05) were marked in bold

Discussion

The study aimed to assess the symmetry of the load on the lower limbs in short-track speed skaters and to
compare it to non-training people. It was found that a slightly larger and more frequent asymmetry of lower limb
load concerns short-track speed skaters than students. Since the difference between the groups regarding the
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frequency of the correct load and the average load size is not statistically significant, we can only talk about the
tendency to asymmetry in the load on the lower limbs of short-track speed skaters.

There is a difference in the symmetry of load on the lower limbs in short-track speed skaters between genders,
and load end asymmetry occurs in 62.5% of women and 17% of men. Greater susceptibility to training loads and the
associated asymmetry of lower limb load in women may be associated with differences in anatomical structure and
physiology between women and men. Men have more muscle mass than women; they are also taller and heavier
than women (Kanehisa et al.,1994; Podstawski et al., 2022; Stefani, 2006). Men also have greater strength and
power than women (Kanehisa, lkegawa, Fukunaga, 1994; Podstawski et al., 2022). Women'’s tendon structures
are less resistant to stretching than men’s (Kubo et al.2003). The gender differences in athletes increase with age
(Podstawski et al., 2022; Lepers et al., 2013; Senefeld et al., 2016).

The study also found a statistically significant advantage of loading the left lower limb among short-track speed
skaters. This is probably due to constantly driving to the left during training and competition on a small track and
putting more weight on the left limb. Asymmetry can hugely impact the body’s performance and cause changes in
the work of muscles harmful to the athlete, while their shortening and stretching are considered a factor contributing
to the occurrence of an injury. Monitoring the asymmetry is aimed at assessing the effectiveness of rehabilitation
and obtaining information on when the player can return to sports (Pakosz et al., 2016). There is little research
into postural asymmetry or overload in short-track speed skaters. Hesford et al. (2012 b) showed that short-track
speed skaters while making high-speed unilateral turns, tend to have a significant asymmetry between the local
levels of desaturation of the quadriceps muscles of the lower right and left limbs. In the case of skaters riding during
a turn on the right lower limb, there was a decrease in blood volume in the muscle, while in the left lower limb, an
increase was observed. Researchers also showed that the saturation of the tissues of the right and left lower limb
muscles during the race initially decreases sharply. Then, in the right lower limb, the level of desaturation remains
relatively constant, while in the left limb, desaturation gradually returns to its pre-race state (Hesford et al., 2012 b).
The asymmetric work of the lower limb muscles in the Polish women’s short track team was described by Konieczny
et al. (2020). All skaters showed higher myoelectric fatigue symptoms in the right gluteal great muscle than in the
left one. This phenomenon was not observed in untrained people who had, on average, similar myoelectric fatigue
symptoms in both legs (Konieczny et al., 2020).

Skaters in short track race counter clockwise, with only left-hand turns. Training should thus be planned
to minimise the asymmetry in skaters despite the typically asymmetrical muscle work during training on ice and
competition; thus, new training protocols should be developed or considered to decrease that asymmetry. Such
a solution may be training in both directions to balance muscle development and improve coordination.

The study’s second aim was to assess the relationship between age, training experience, anthropometric
variables and LSI. A significant, moderate correlation between age and training experience and LS| was found in
the group of short-track skaters. It can be concluded that the older the skater and the longer the training period, the
greater the asymmetry of the lower limb loading. Probably long-lasting training and competition loads translate into
increased asymmetry. This asymmetry helps skaters achieve better results in sports, but it should be safe enough
not to interfere with everyday life and other sports functioning.
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Limitations

The study also has limitations. A small number of short-track speed skaters from only one club were examined.
However, a coherent group of athletes who had uniform training. Another limitation is the insufficient exclusion
criteria. The imbalance and asymmetry of the lower limbs may be affected by injuries and overloads that occurred
much earlier than four weeks before the examination. Thus, the exclusion criteria should include a longer time from
the injury. Also, pain and overload of the musculoskeletal system should exclude competitors from participating in
the study. The respondents should also be instructed to refrain from intense physical effort one day before the test
so that muscle fatigue does not affect the test result.

Further Research

Further research should consider a much larger number of short-track speed skaters, both men and women, as
well as the relationship between lower limb loading asymmetry index and the symmetry of the spine, musculoskeletal
disorders and the frequency of injuries. Future research should also include more precise exclusion criteria.

Practical Implication

By monitoring the lower limb loading, a coach could also obtain more information on how to individualize loads
for skaters. In addition, results of the research, may help coaches and athletes, as well as doctors, physiotherapists,
and scientists in planning training in order to prevent asymmetry and decrease the risk of injury.

Conclusion

Skating on a short track increases the asymmetry of load on the lower limbs in females. Long-term asymmetric
loading of limbs in short-track speed skaters causes the load on the left lower limb. Age and a greater number
of years of experience increase the asymmetry of lower limb loading. Training sessions should be planned in such
a way as to minimise the risk of asymmetry in skaters.
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