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Are jump height, whole-body stability,
and single-leg stability important in the
performance of young cross-country
skiers?
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Improvement and progress in sports has
increased the physical demands, leading to
changes in sports' physical characteristics

. Sports like middle- long-distance
running and cross-country skiing are no
longer considered pure endurance sports in
today's landscape. Cross-country skiing is
one of the most demanding of all endurance
sports. It involves year-round training with
extended competitions on varying terrain,
using different skiing techniques that require
upper and lower-body work . To date,
several studies have investigated how
different exercise regimes may impact
vertical jump performance during a
countermovement jump (CMJ) . This
study examined the effectiveness of
prescribed workouts on improving the
quality of movement during CMJ. Other
studies have explored the relationships on
improving vertical jump performance during
CMJ involving; the effect of arm movement,
warm-up protocols, stretching, vibration
training, resistance training, muscle strength,
and plyometric lifting . Previous studies
have also suggested that extensive power
training can alter peak performance, force,
balance, and time variables obtained from
CMJ, as well as both eccentric and
concentric performances during jump squats

. However, to the author's knowledge,
this is the first study that compares specific 
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of how different exercise interventions may
impact on or tend to improve jump height,
whole-body stability, and single-leg stability
of young adolescents' cross-country skiers.

Aim
The purpose of this study was to investigate
if a 9-week training intervention composed
of different mobility and stability exercises
intending to improve jump height, whole-
body and single-leg stability of junior cross-
country skiers. It was also interesting to see
if the test equipment could determine the
participants' potential risk of injury with a
built-in injury predictor measurement,
Musculoskeletal Health (MSK). 

Design

A total of 16 cross-country skiers aged 16-
20 years old, eight-man and eight women

, performed the following tests on a
force plate; Jump Scan (i.e., to characterize
an individual's dynamic movement strategy),
Plank Scan (i.e., to measure the individual's
ability to control global static stability across
each extremity), and Balance Scan (i.e., the
individual's ability to maintain their center
of mass over their center of pressure). After

Methods
Participants

(Table 1)

A randomized controlled trial.
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Physical characteristics of study participants.Table 1. 

Data is presented as mean ± standard deviation (SD).

the initial scan, participants were assigned to
the same 9-week intervention program.
Group 1 performed the program three times
each week and Group 2 once each week
before performing a post-intervention scan.
Including criteria was that the participants
would be active cross-country skiers on at
least the national level and included in the
FIS ranking and had FIS points. 

FIS points for a competition based on the
competitor's ride time, the winner's distance,
the distance of the competition, the starting
method type of competition, and FIS points
of the three highest-ranked riders who rank
in the top 5 in the competition. Exclusion
criteria were whether the participants were
injured or ill before the test and during the
training intervention resulting in not
performing the post-intervention test.

 The design and structure for the tests and the final evaluation. Figure 1.
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 The periodized training intervention for participants performing the intervention three times/week.Table 2.

BW: Body weight; M: Main exercise; C: Corrective exercise.

 
Test sessions were curated for approximately
4 hours in total .
After the first session, the participants
received a training program consisting of 21
tailored exercises . The intervention
was divided into two blocks: Block 1:
prehab, activation, ballistic/plyometric, and
Block 2: which was the central part of the
intervention consisted of main exercises and
corrective exercises. These two exercises
were paired, i.e., the main movement was
the centerpiece of the program. The
participants trained for a specific action,
(i.e., bulgarian split squat, which aims to
strengthen the individual in the thigh
muscles [quadriceps] and corrective
exercises). The latter kind of exercise
improves function, i.e., Pigeon, to make the
individual more mobile around the hip area.
The participants first performed the main
exercise and did the corrective exercise
immediately, i.e., the participant rested
minimally between the primary and
corrective exercise, Active rest. 

Study design

(Figure 1)

(Table 2)

Then, the participants rested at least 60
seconds and could take a more extended rest
period between each primary and corrective
drill before performing the next exercise.
Exercises were implemented and designed
based on test results obtained from the force
plates software, Total Sparta Score (TSS),
and an interpretation of the test score (seen

. Table 2.)

Procedures

Three tests included in the Sparta System,
which was performed at the scheduled test
dates by the practitioner; 1) Jump Scan, 2)
Plank Scan, and 3) Balance Scan ( ).
The Jump Scan tests both global and local
musculature when performing a CMJ. The
Plank Scan tests the individual's global static
stability across each extremity. Finally, the
Balance Scan evaluates the individual's
global balance, body awareness, and body
control (proprioception) at each extremity

.

The Sparta Tests

Figure 2

(5,10,11)
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The Sparta Science power platform (Sparta
Performance Science, Menlo Park, CA,
USA) was used in both test cases. The
system, which consists of force plates and
software (Sparta Trac System), is operated
through a database of over one million scans
and thousands of injuries from more than
tens of thousands of people gathered in over
ten years (Sparta Performance Science,
2019). External analysis is conducted
through peer-reviewed publications where
the focus in recent years has been the force
plate's validity and reliability to predict
injury risk . 

Test equipment – Validity and Reliability

(5,10,11)

Statistical methods
All data were initially recorded in Microsoft
Excel. After that, the data were transferred
with Statistical analysis done in JMP
(version 15, Apple, Copyright© 2014 SAS
Institute Inc. SAS Campus Drive, Cary,
North Carolina 27513, USA). The statistical
tests methodology used was t-tests, one-way
ANOVA, to determine differences between
pre and post nine-week training intervention.
Logistic regression tests were used to
determine the correlation between jump
height (CMJ) outcomes and MSK injury risk
between groups and within gender. Data
were first collected and compiled into an
Excel document (Excel 2020, version 16.35,
Redmond, Washington, USA).  From the
results from the first test session, a Shapiro-
Wilks test was performed to observe normal
distribution. ANOVA was used when
comparing the different two groups to get
descriptive data and statistics from the T-
Score.

When comparing the two groups, ANCOVA
was performed. Magnitude of change was
quantified using Cohen’s d effect sizes with
where <0.20 = trivial; 0.20-0.60 = small;
0.61–1.20 = moderate; 1.21-2.0 = large; and
>2.01 = very large. Values are interpreted in
line with a suggested scale by Hopkins et al.
(Hopkins et al., 2009). Differences within the
gender were also analyzed with a one-way
ANOVA.

Results
Mean TSS after the first test was 80.0 ± 2.8
for the group training three times per week
(Group A) and 79.2 ± 3.8 for the group
training one time per week (Group B). Mean
MSK corresponding Sparta force plate injury
prediction score was after the first test 55.0 ±
4.8 for Group A and 56.6 ± 3.9 for Group B.
Repeated measures with ANOVA showed no
meaningful between-group differences.
Measures in general did not show a large
magnitude of change in any of the variables
with trivial to small changes in Jump height
(ES = 0.37; CI = -0.617 to 1.36; 𝛥 % = 2.97),
CMJ Load (ES = 0.66; confidence interval
(CI) = -0.349 to 1.663; 𝛥 % = 4.36) and
Plank Left (ES = -0.192; CI = -1.174 to 0.79;
𝛥 % = 5.62) as the highest magnitude of
change. Mean results, effect size, and change
in percentage for each measured variable are
presented in .Table 3

Discussion
The present study was designed to determine
the effects of a 9-week training intervention
to improve jump height, whole-body
stability, and single-leg stability of junior
cross-country skiers.
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†Significantly different to pre-intervention.
Mean ± SD's and effect sizes (95% confidence intervals) data for both intervention groups is presented.
CI: Confidence intervals; TSS: Total Sparta Score; MSK: Musculoskeletal Health; CMJ: Countermovement
jump; Jump Scan with Load (N/s); Explode (N/kg); Drive (Ns/kg); Plank Scan Left and Right (T-Score); and
Balance Left and Right (T-Score).

 Changes between pre- and post-interventionTable 3.

 The Sparta Science Scan. 1) Jump Scan 2) Plank Scan 3) Balance Scan.Figure 2.
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Despite no significant differences in the
main variables that the platform measures,
TSS and MSK, the present study shows a
significant difference when comparing CMJ
and TSS. Furthermore, no significant
difference was shown between groups in the
overall test score regarding training
frequency. MSK Health Score represents an
individual's health, inversely related to their
injury risk . A potential injury risk
prediction is actual in the present study
when gender was considered, presenting that
females may be exposed to higher injury risk
than men due to low CMJ scores. Even
though these results are current, these data
must be interpreted cautiously since the
MSK is relatively new, and more research is
needed to draw further valid conclusions.

(5)

Practical Applications
● Although the results of the study did not
show significant differences in the main
variables that the platform measures, it is the
author's opinion that further research
explores how tailored training programs and
data collected from, for example, force plate
machine learning, can give trainers
recommendations on how to design training
programs to improve performance and
reduce the risk of injury, in this case in
young cross-country skiers.
●  These programs can be processed using
the individual test results obtained from
force plate machine learning to make the
design as specific as possible. 
● The author further believes that the young
athlete should train correctly from the early
years by finding a balance between quantity
training (endurance training) and quality
training (strength and injury prevention
training). 

●  Most studies to date focus on males and
do not mind the different physiological
demands that females' skiers' aspect when
training and competing. It is about
considering the specific physiological
requirements placed on female athletes
during training and competition, both from a
performance perspective and from a
hormonal perspective. Further research is
therefore desirable to investigate gender
differences among cross-country skiers,
especially at a young age.

●  Preferably, it would have been required
with a more significant sample of
participants, hence a low number of
participants (n=8 on each group) and a
control group, for a complete analysis of the
intervention itself.
● This study analyzed results from all
participants that performed the intervention
and both tests. It did not measure any other
performance tests, i.e., Vo2 max capacity,
power output performance different types of
examination that often measure the cross-
country skiers' performance. 
● The present study's data must be
interpreted cautiously because of the training
intervention's unknown and actual impact.
The participants performed other kinds of
training, mostly quantitively sessions, i.e.,
cross-country skiing, endurance running, to
mention a few, and the tailored training
intervention, which can affect the outcomes
of the measured variables. 
●  An issue addressed in this study was
whether the built-in injury predictor score
could predict injury risk. Since the study
was limited to a low number of participants
of both genders, it is not possible to draw
any definite conclusions about the
prevalence of injury among young cross-
country skiers. 

Limitations
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