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Abstract

Purpose: The study aimed to investigate the role of training load characteristics and injury and illness risk in youth ski racing.

Methods: The training load characteristics as well as traumatic injuries, overuse injuries, and illnesses of 91 elite youth ski racers (age=12.1 £
1.3 years, mean £ SD) were prospectively recorded over a period of 1 season by using a sport-specific online database. Multiple linear regression
analyses were performed to monitor the influence of training load on injuries and illnesses. Differences in mean training load characteristics
between preseason, in-season, and post-season were calculated using multivariate analyses of variance.

Results: Differences were discovered in the number of weekly training sessions (p =0.005) between pre-season (4.97 = 1.57) and post-season
(3.24 £ 0.71), in the mean training volume (p =0.022) between in-season (865.8 £ 197.8 min) and post-season (497.0 £ 225.5 min) and in the
mean weekly training intensity (Index) (p =0.012) between in-season (11.7 £ 1.8) and post-season (8.9 4 1.7). A total of 185 medical problems
were reported (41 traumatic injuries, 12 overuse injuries, and 132 illnesses). The weekly training volume and training intensity was not a signifi-
cant risk factor for injuries (p > 0.05). Training intensity was found to be a significant risk factor for illnesses in the same week (3= 0.348;
p=0.044; R=0.121) and training volume represents a risk factor for illnesses in the following week (8=0.397; p =0.027; R>=0.157).
Conclusion: A higher training intensity and volume were associated with increased illnesses, but not with a higher risk of injury. Monitoring
training and ensuring appropriate progression of training load between weeks may decrease incidents of illness in-season.

Keywords: Health problems; Injury and illness prevention; Training load; Youth ski racing

1. Introduction sport, and the peak performance in alpine ski racing is mostly
achieved between the ages of 26 and 28 years."

However, specialization at an early age combined with an
athlete’s long competitive life needs to be considered when
implementing strategies to develop talents. Huxley et al.’
showed that there is a relationship between high volumes of
training in 13- to 14-year-old cricket bowlers and early retire-
ment due to injuries. Previous research in adolescent and adult
sports activities such as soccer, basketball, and Australian foot-
ball has proven the correlation between a higher number of
injuries and spikes in training loads or chronically high work-
loads and intensities. ® However, these data refer to older

. . . athletes, and research on youth athletes are missing.
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Alpine ski racing has become a popular sport among children in
Austria, and a strong focus has therefore been placed on youth
developmental programs, including injury prevention. A large
number of specialized ski boarding schools for talented young ath-
letes provide a fundamental basis for a future professional career.’
Although regular sports activities at a young age have health bene-
fits, there is a growing risk of suffering an injury that may counter-
act these beneficial effects.” Existing research indicates that
athletes are more likely to sustain injuries due to inappropriate
training loads during growth.” Alpine skiing is a late specialization

https://doi.org/10.1016/j.jshs.2020.03.009
Cite this article: Hildebrandt C, Oberhoffer R, Raschner C, Miiller E, Fink C, Steidl-Miiller L. Training load characteristics and injury and illness risk identification
in elite youth ski racing: a prospective study. J Sport Health Sci 2021;10:230—6.


http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:Carolin.Hildebrandt@uibk.ac.at
https://doi.org/10.1016/j.jshs.2020.03.009
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jshs.2020.03.009&domain=pdf
http://www.sciencedirect.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jshs.2020.03.009&domain=pdf
https://doi.org/
https://doi.org/

Training load and injury and illness in youth ski racing

1 sport at an early age and restricting the organized training to
less than 8 months per year and to fewer hours a week than a
child’s age.”'" However, sport-specific recommendations are
missing for alpine ski racing, even though this is a sport with a
generally high risk of injury."'

A further challenge in youth sport specializations is the dual
management of the training programs and academic commit-
ments.'” Physiologic and psychological overload combined with
inappropriate regeneration may have a negative effect on the
immune system. Previous research in adults has suggested that
higher volumes of exercises are associated with an increased
infection rate.'” However, it can be assumed that young athletes
may adapt differently to comparable training volumes and inten-
sities than older and more experienced athletes, but there is a pau-
city of research on youth athletes that examines the relationship
between training characteristics and illness. Consequently, the
purpose of the present study was to prospectively examine train-
ing load as it relates to the occurrence, severity, and burden of
injuries and illnesses in youth alpine ski racers.

2. Methods
2.1. Study design

All procedures were approved by the Institutional Review
Board of the Department of Sport Science at the University of
Innsbruck and by the Board for Ethical Questions at the Univer-
sity of Innsbruck. A 1-season prospective study design was used
to record traumatic injuries, overuse injuries, illnesses, and train-
ing characteristics in a cohort of elite youth alpine ski racers.
Analyzed data from the season were evaluated from the begin-
ning of the school in September, 2017 to the end of the training
in May, 2018. Data from each week of the study period were ana-
lyzed, except for 1-week vacations in December, February, and
April. A total of 32 training weeks (holiday weeks were not con-
sidered) were analyzed, which were divided into the following
training phases: pre-season (6 weeks), in-season (20 weeks), and
post-season (6 weeks). The pre-season training phase was defined
as the period between the start of the school until the first skiing
competition. Likewise, the post-season was defined as the end of
the regular skiing competition season until the end of May. The
weeks in between were defined as the in-season period and
included all competitions. To record training characteristics, a
sport-specific, Internet-based database was developed (innjury.
net). All data were systematically checked with the coaches and
physiotherapists either by e-mail or by telephone. When uncertain
or missing information was identified, direct verification with
either the coaches, parents, a medical attendant, or a physiothera-
pist was done. In cases where all relevant information could not
be collected, the data were excluded from the data analysis. The
general methodology has been reported elsewhere.'*

2.2. Participants

All athletes were recruited from a skiing boarding school in
Austria. To attend this school, the pupils had to pass an entrance
examination that included both skiing-specific and general physi-
cal performance tests, as well as successfully complete exercises
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related to alpine skiing. Following these tests, a maximum of 22
of the best-performing pupils each year were eligible to attend
the school. Participants, parents, and coaches were given a clear
explanation of the study design, including the risks and benefits.
All parents of the pupils (n =92) who were eligible for the study
agreed to the study and provided their written consent. Through-
out the 1-season period, 1 athlete (male) left the school; therefore,
a total of 91 elite youth ski racers (52 males, 39 females) between
the ages of 10 and 14 years who were free of acute injury at the
beginning of the study were enrolled. The anthropometric charac-
teristics for male and female athletes are presented in Table 1.

2.3. Data collection

2.3.1. Injury registration

As previously reported,'” all injuries and illnesses were
included in the data analyses as soon as they resulted in a restric-
tion to full participation in training for at least 1 day. Each
athlete’s health problems were recorded by that athlete’s particu-
lar coach on a daily basis. A medical report was included in the
database where provided. Following the approach of Brooks and
Fuller,” a traumatic injury was defined as an injury with a sudden
onset. Overuse injuries were defined as any physical complaint
without a single identifiable event being responsible. The severity
of injuries and illnesses was calculated based on the number of
absence days, classified by Clarsen et al.'® as minimal (1—3
days), mild (4—7 days), moderate (§8—28 days), and severe (>28
days). Injury incidence was calculated as the number of injuries
per 1000 h of exposure. In addition, as suggested by Bahr et al.,"”
injury burden combines the rate and the measure of loss and was
therefore calculated as the number of injury days lost per 1000 h
of training.

2.3.2. Training characteristics and competitions

Using the training database, the coaches immediately recorded
external measures after each training session (Table 2). These
sessions were divided into skiing-specific and athletic-specific
(off-snow) training. The intensity of each training session was
constantly recorded to provide a rating of perceived exertion.
The coaches rated each session as a daily group average using
the following scale: 1=easy, 2=moderate, 3 =intense, and
4=very intense.’ The number of sessions in each intensity
category was multiplied by the assigned coefficient for each cate-
gory. The overall weekly intensity was then calculated as the
sum of the calculated intensity sessions, for example,
2x 1D+ x2)+2x3)+(1 x4)=14. In addition, a weekly
and monthly average of training load (in minutes) was calculated

Table 1
Anthropometric characteristics of male and female athletes (mean £ SD).

Male (n=52) Female (n=39)
Age (year) 121413 120+£13
Height (cm) 152.6 +£9.8 152.4 +10.0
Weight (kg) 427488 435497
BMI (kg/m?) 17.9 2.0 185423

Abbreviation: BMI =body mass index.
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to provide an acute:chronic workload ratio. To calculate this ratio,
the training data were grouped into weekly blocks (Monday to
Sunday). The calculated average 1-week training load (i.e., 480
min) represented the acute workload. The chronic workload was
calculated as the 4-week rolling average acute workload (i.e., 420
min). The ratio was then calculated by dividing the acute work-
load by the chronic workload (e.g., 480 min divided by 420 min
results in a ratio of 1.14). Therefore, a value above 1 represents a
higher acute workload than chronic workload, and a value below
1 represents a higher chronic workload than acute workload.

2.4. Statistical analyses

Descriptive statistics are presented as a mean 4= SD for contin-
uous variables and as frequency counts and percentages for cate-
gorical variables. The rate of injuries and illnesses per athlete was
calculated as the number of injured and ill ski racers divided by
the total number. The incidence per 1000 h of training was
assessed by the number of injuries and illnesses divided by the
total number of hours of exposure of all athletes multiplied by
1000. Multiple linear regression analyses with stepwise backward
elimination were performed to identify the influence of training
load characteristics on injuries and illnesses. The regression anal-
yses were calculated twice, with injuries and illnesses in the same
week as well as injuries and illnesses in the following week. Dif-
ferences in mean training load characteristics between pre-season,
in-season, and post-season were calculated using multivariate
analyses of variance. The level of significance was set at p <
0.05. All calculations were performed using SPSS Version 25.0
(IBM Corp., Armonk, NY, USA).

3. Results
3.1. Training load characteristics

A total of 666 training sessions were analyzed (311 athletic
specific and 355 skiing specific; Table 2). The mean weekly train-
ing volume of skiing-specific training sessions with free-skiing
exercises was 344.8 = 196.6 min, and the mean weekly training
volume of skiing-specific training sessions with gates was 382.8
4 166.3 min. The total mean number of competitions during the
season was 16.4 + 8.8 for males and 16.8 £ 9.6 for female ski
racers. With respect to the rating of perceived exertion, most ath-
letic training sessions were intense (46.6%), followed by moder-
ate (39.9%), highly intense (10.4%), and easy (3.1%). Most
skiing-specific training sessions were defined as intense (69.3%)

Table 2
Training characteristics of skiing- and athletic-specific training sessions (mean
+ SD).

Total Skiing Athletic
Total exposure time 4253 318.1 107.2
per season (h)
Mean training volume 790.0 £296.8  734.0 £232.7 201.1 £122.0
per week (min)
Mean number of training 5.1£1.0 29+0.8 1.8+1.0
sessions per week (n)
Mean training intensity 11.0 £ 2.1 7.7£3.5 48+3.2

per week

C. Hildebrandt et al.

or highly intense (16.1%), and 14.6% were rated as moderate.
The analyses of variance showed significant differences in the
number of weekly training sessions (/' =6.54, p=0.05), weekly
mean training volume (in minutes) (F=4.43, p=0.021) and
weekly mean training intensity (index) (F=5.19, p=0.012)
between pre-season, in-season, and post-season. Post-hoc tests
revealed differences in weekly training sessions (p=0.005)
between pre-season (4.97 £ 1.57) and post-season (3.24 £ 0.71)
and in the mean training volume (p =0.022) between in-season
(865.8 + 197.8 min) and post-season (497.0 £ 225.5 min), as
well as in the mean weekly training intensity (p = 0.012) between
in-season (11.7 &= 1.8) and post-season (8.9 &+ 1.7).

The total mean weekly training volume is presented in Fig. 1.
A low training volume was applied during the first 3 training
weeks, followed by high-volume training at the end of the prep-
aration phase. Within the first 7 weeks of the in-season weeks
(Weeks 7—13), there was a high fluctuation in training volume,
followed by a relatively constant volume until the end of
in-season weeks (Weeks 14—26). In the post-season period, the
training volume was lowest (Weeks 27—32). The total weekly
training intensity is presented in Fig. 2. The analysis of the train-
ing intensity resulted in a pattern similar to that of the volume.
There was a low intensity of training at the beginning, followed
by a high intensity at the end of the preparation phase and at the
beginning of the competition season, and a relatively constant
intensity during the competition season. The linear regression
analyses showed that the weekly number of training sessions,
weekly training volume, and training intensity did not represent a
significant risk factor for traumatic and overuse injuries (p > 0.05).
However, training intensity was found to be a significant risk factor
for illnesses in the same week (3=0.348; p=0.044, R*=0.121),
and training volume represents a risk factor for illnesses in
the following week (8=0.397; p=0.027, R*=0.157).

3.2. Traumatic injuries, overuse injuries, and illnesses

A total of 185 medical problems were reported, with an
injury incidence rate for all injuries of 1.4 injuries per 1000 h
of training.

Mean weekly training volume (min)

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
Week number

Fig. 1. Mean weekly training volume in a 32-week season for youth ski racers.
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g. 2. Mean weekly training intensity in a 32-week season for youth ski racers.

3.2.1. Traumatic injuries

Of these injuries, 41 traumatic injuries (0.45 injuries/athlete)
were recorded, representing an incidence of 1.1 per 1000 h of
training. The 41 traumatic injuries were reported by 31 athletes
(10 females and 21 males). Most of these traumatic injuries
were categorized as moderate (36.6%) or mild (31.7%); only
17.1% were severe and 14.6% were minimal. They occurred
either during skiing-specific training (43.9%), during leisure
sport activities, or during athletic training sessions (22.0%);
9.7% occurred during competitions. The location and type are
shown in Table 3.

3.2.2. Overuse injuries

A total of 12 overuse injuries (0.13 injuries/athlete) were
reported, with an incidence of 0.3 injuries per 1000 h of training.
The 12 overuse injuries were reported by 8 athletes (3 females
and 5 males) and mostly affected the knee (47.8%), followed by

Table 3

Traumatic injuries for all ski racers

Traumatic injuries Total n (%)
Injury location

Knee 16 (39)
Lower leg 7 (18)
Ankle 5(12)
Spine/back 4 (10)
Upper leg 3(7)
Hip 2(5)
Foot 2(5)
Head 1(2)
Shoulder 1(2)
Injury type

Contusion 14 (34)
Fracture 12 (30)
Sprain 6 (15)
Strain 3(7)
Rupture of the meniscus 2(5)
Rupture of the anterior cruciate ligament 2(5)
Laceration 1(2)
Concussion 1(Q2)
Total injuries 41 (100)
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the upper lumbar spine (36.4%). Most overuse injuries were mild
(41.7%); others were minimal or severe (25.0%) and only 8.3%
were moderate. Most of overuse injuries were new (92.7%),
4.9% were recurrent, and 2.4% were unknown. For both trau-
matic and overuse injuries, the highest burden was found in the
post-season (46.9 absence days/1000 h of training), followed by
in-season injuries (21.5 absence days/1000 h of training).

3.2.3. Illnesses

A total of 132 illnesses (1.45 illnesses/athlete) was found, with
an incidence of 3.4 illnesses per 1000 h of training. The 132 ill-
nesses were reported by 69 athletes (29 females and 40 males).
Most illnesses consisted of gastrointestinal problems (48.5%),
followed by respiratory tract infections (40.3%). The illnesses
were categorized as either minimal (55.3%), mild (40.9%), or
moderate (3.8%). The highest illness burden was found to be in-
season (12.4 absence days/1000 h of training), followed by the
post-season (11.7 absence days/1000 h of training).

3.2.4. Acute:chronic workload according to injuries and
illnesses

A higher acute training load was found during the weeks
with the highest rate of illnesses (acute:chronic workload ratio,
1.93) and the week before the highest rate of illnesses (1.41)
compared to the weeks with the lowest rate of illnesses,
whereas no relation was found for the rate of injuries (overuse
and traumatic). The total number of weekly traumatic injuries
and the corresponding acute:chronic workload ratio are shown
in Fig. 3, with the total number of weekly illnesses and the
acute:chronic workload ratio shown in Fig. 4.

4. Discussion
4.1. Training load characteristics in youth alpine ski racers

The present study investigated the relationship between train-
ing load characteristics and the occurrence of injuries and ill-
nesses. Weekly training volume and training intensity did not
represent a significant risk factor for traumatic and overuse

traumatic injuries (n = 41)
acute:chronic ratio

8 I 2.0

1.8
L16
[ 14
L12
L 10
Los

0.6

Number of weekly traumatic injuries (n)
Acute:chronic load (index)

0.4

0.2

2 4 6 8

10 12 14 16 18 20 22 24 26 28 30 32

Week number

Fig. 3. Number of weekly traumatic injuries (grey) and the corresponding acute:
chronic workload ratio (black) during a 32-week season for youth ski racers.
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illnesses (n = 132)
acute:chronic ratio

Number of weekly illnesses (n)
Acute:chronic load (index)

10 12 14 16 18 20 22 24 26 28 30 32

Week number

2 4 6 8

Fig. 4. Number of weekly illnesses (grey) and the corresponding acute: chronic
workload ratio (black) during a 32-week season for youth ski racers.

injuries, but training intensity did affect illnesses in the same
week and training volume was a risk factor for illnesses in the
following week. The mean total training volume was 5.1 train-
ing sessions and 790.0 min (13.2 h) per week. The position
statement guidelines from the American Medical Society for
Sports Medicine recommends that youth athletes should not
spend more hours of training per week than their age.'®'’ The
average age of the ski racers was 12.1 years; therefore, the train-
ing volume of 13.2 h/week was slightly above the American
Medical Society for Sports Medicine recommendations. In addi-
tion, the training volume for the young alpine ski racers was
higher compared to the exposure reported in other youth sports,
such as track and field athletics (5.69 & 2.53 h/week).”’ How-
ever, results of the present study include all kinds of training
and not only sport-specific training. As expected, the training of
the young ski racers was lower compared to the training hours
for World Cup elite ski racers.”' The number of weekly training
sessions for Olympic ski racers ranges from 10 to 14 training
sessions and a total of 14 to 21 h. The athletic training of the
young ski racers includes not only classical strength and coordi-
nation training, but also a wide variety of physical activities,
including cycling, running, swimming, rollerblading, and team
sports (soccer, basketball, and hockey). However, most of the
injuries (43.9%) occurred during skiing-specific training. With
this in mind, coaches should focus on skiing-specific injury pre-
vention.

4.2. Relationship between training load characteristics and
injuries

Previous research on young athletes has shown that the injury
incidence ranges from 1 to 12 injuries per 1000 h of training,
with most injuries categorized as severe.”” The incidence of trau-
matic injuries in the present study was 1.1 per 1000 h of training,
a relatively low incidence compared to other studies involving
alpine ski racing among adolescents (14— 18 years of age) ski rac-
ers (males: 1.62 injuries/1000 h of training; females: 1.77 inju-
ries/1000 h of training),”* but was in line with previous research
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in youth (10—14 years of age) ski racing (0.86 injuries/1000 h of
training)."* A closer look at the type of injury in the present study
reveals a very low incidence of overuse injuries (0.30/1000 h of
training), which was also reported previously by Miiller et al."*
(0.28 injuries/1000 h of training). Guidelines in youth sport sug-
gest avoiding peaks in the training load of more than 10%.”
There were peaks of more than 10% in the present study, espe-
cially during the last period of the pre-season, where the highest
increase in volume was found to be up to 15%. However, despite
this increase, overuse injuries were not reported frequently in the
following weeks. There may be 2 reasons for this. First, coaches
were advised to focus on general athletic training and to avoid
excessive jumps during the pre-season, as these were found to be
responsible for a high rate of knee overuse injuries (anterior knee
pain) in a cohort of adolescent athletes.”* Therefore, coaches
were advised to administer low-impact training to enable the pas-
sive structures to adapt at the beginning of the training. Second,
coaches were aware of the implementation of injury prevention
based on discussions and lectures prior to the start of the study. In
line with other studies in alpine ski racing, the knee was most fre-
quently affected.”*> Among elite alpine ski racers, the anterior
cruciate ligament is frequently ruptured in the event of an injury
(e.g., 13.6% of all diagnoses at the World Cup level” and 15%
in adolescent alpine ski racers’®). However, the findings in the
present study showed that bone fractures (5 fractures), including
physeal fractures, were more common than ruptures of the ante-
rior cruciate ligament (2 ruptures). Bone fractures are common in
children, and the characteristics of the growing skeleton make
young athletes susceptible to specific fractures that do not occur
in adults.”” Moreover, it can be assumed that the physis is weaker
than ligaments, so that fractures are more likely to occur than a
rupture of the anterior cruciate ligament.”

Not only is the type of the injury of special interest, but so is
information about when the highest risk of injury occurs during a
full season. Gabbett™” found that injury rates were highest during
the pre-season in semi-professional rugby players. Likewise,
Owen et al.”” found that there seems to be a positive relationship
between the training load and probability of sustaining an injury
in elite level professional soccer players during the preseason.
These findings were not consistent with our results. In our study,
both traumatic and overuse injuries were lowest at the beginning
of the season, showing that coaches were aware that appropriate
training volumes and intensities allow an athlete to adapt physio-
logically. The incidence of injuries in the present cohort was
highest between Weeks 12—19 (in-season), with a clear peak in
Week 18 and Weeks 24—30 (post-season). Most injuries occurred
during skiing-specific training. Our findings indicate that there is
a higher risk of sustaining an injury not only during the competi-
tion season, but also at the end of the season. The high incidence
of traumatic injuries in Week 18 can only be explained specula-
tively. All injuries in this week occurred on different days and
only during skiing-specific training and not during competitions.
This may be due to the fact that bad weather conditions on the
slopes were present (i.e., limited visibility, icy slopes). However,
we cannot provide detailed information about this possibility.

In addition, when considering the burden of the traumatic
injuries, it becomes evident that they cause the greatest problem,
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especially during the post-season. Knowing that the exposure on
snow is less between Weeks 24—30 compared to in-season
training, this is an important finding that should be considered
for a general training program. When the competition season is
over but there is still ongoing training on snow, the weather con-
ditions might not be the best and the risk of sustaining an injury
due to external factors such as snow quality and the resulting
poor quality of the slopes might be greater.

Another key finding in the present study was that volume and
intensity did not represent a risk factor for injuries. Malisoux
etal.’' found that only training intensity, and not training volume,
was associated with a higher injury risk in young rugby players. It
can be assumed that the skiing-specific training in particular may
be insufficiently intense to contribute to a higher risk of injury. It
would appear that the greater risk comes from exposure and
external factors, such as snow quality. However, it should be
mentioned that the coaches rated the intensity. Rating of per-
ceived exertion is very individualized, and the ski racers may
have perceived the intensity of the training differently. This may
limit the accuracy of the interpretation. Recent research suggests
that the acute (weekly) and chronic (monthly) workload should
be considered.”” Hulin et al.”’ showed that an acute:chronic
workload ratio of more than 1.5 increased the risk of injury by 2
to 4 times in the following 7 days for elite cricket bowlers. In con-
trast with Hulin et al.’s findings, the highest workload ratio in our
study was 1.9, but an increase in injury rate in the following
week was not observed. However, Hulin et al.” investigated elite
cricket bowlers, a sport in which it can be assumed that spikes in
workloads are more intense due to repetitive sprinting, leading to
lactic acidosis and cumulative fatigue. In the youth alpine ski rac-
ing occurring in our study, spikes in training volume were mainly
due to a focus on technique training and free skiing, which have a
relatively low intensity and less accumulation of fatigue.

4.3. Relationship between training characteristics and
illnesses

Training intensity was found to be a significant risk factor for
illnesses in the same week. The highest rate of illness was found
within a period of high-volume, high-intensity training that
occurred following the preparation phase (Week 11), meaning
that immunosuppression seems to occur following an increase
in training intensity and volume. These findings were similar to
those of Jones et al.,”” who found a relationship between a high
training load, increased fatigue markers, and an increase in ill-
ness in athletes participating in different sports. Furthermore, a
higher acute training load was found before the weeks with the
highest rate of illnesses compared to the weeks with the lowest
rate. This finding is similar to that of Brink et al.,>* who showed
that an increase in the acute training workload resulted in a
higher rate of illnesses in youth soccer players.

The highest burden was found to be in-season, causing an
average absence of training days of 12.4 per 1000 h of training.
However, this phase was in November and December, a period
in which the infection rate is generally high. Gastrointestinal
infections (48.5%) were more prevalent in the present cohort
compared to the findings in other studies using youth athletes, in
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which respiratory tract infections represented the highest rate of
infections.”” The highest peak of illnesses in Week 11 was caused
by a very high rate of gastrointestinal infections (84%). This
might be explained by the fact that the risk of infection is highest
for gastrointestinal infections that are spread from person to per-
son, especially when the cohort of the young ski racers live close
together in the boarding school. Knowing this, preventive proce-
dures, such as exclusion from school and other institutional meas-
ures that are kept in place until at least 48 h after the athlete is free
of symptoms, adequate hand washing, and the use of paper tow-
els, should be discussed with the coaches and supervising tutors
in school. The second highest rate of illnesses was found for
respiratory tract infections (40.3%). Previous research has shown
that the average adult has 2—4 respiratory tract infections each
year and young children have twice as many.*® Peaks in this kind
of infection were predominant in the weeks following holidays,
including Christmas holidays (Week 16), winter holidays (Week
22), and Easter holidays (Week 28). It can be assumed that the
combination of the start of the training and the get-together of all
athletes causes a temporary immunosuppression. In order to
reduce the number of infections, the focus should be on preven-
tive measures, such as sufficient regeneration and sleep, as well
as healthy nutrition, especially following holidays.

5. Conclusion

The results of the present study should lead to a better under-
standing of how training load characteristics relate to time of sea-
son and health problems in young ski racers and thus help coaches
to reduce the risk of injuries and illnesses and to provide adequate
training with a long-term beneficial effect. The weekly training
volume and training intensity did not represent a significant risk
factor for traumatic and overuse injuries. However, training inten-
sity was found to be a significant risk factor for illnesses occurring
in the same week and training volume represents a risk factor for
illnesses in the following week. A higher acute training load was
found before and within the weeks with the highest rate of ill-
nesses, while no differences were found for the rate of injuries.
Based on season, the burden of all injuries was highest in the post-
season, whereas for illnesses the highest burden was found to be
in-season. However, these findings should be interpreted only as a
tendency since the injury and illness risk identified here may also
be related to a number of additional factors that were not measured.
Alpine ski racing is a sport with a high risk of injuries. Therefore,
external factors, such as snow quality and weather conditions,
should also be considered before any determinations and recom-
mendations are made regarding which part of the ski season has
the highest injury and illness risk, as well as which part of the sea-
son offers the best opportunities to prevent injury and illness.
Future research with young cohorts of athletes should also include
measures of internal loads, including school workload, quality of
sleep, and regeneration, because these loads measure the combina-
tion of physiologic stress and psychological demand. Finally, the
ability to draw conclusions from the findings in the present study
may be limited by the relatively low number of participants and
the total injury rate.
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