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Abstrakt  

 

Bakgrund: I dagens samhälle är nationellt godkända idrottsutbildningar ett vanligt inslag hos 

gymnasier lokaliserade i de större städerna. Dessa utbildningar tillåter unga idrottare att starta 

deras satsning mot eliten i en tidig ålder. Denna valmöjlighet leder dock ofta till en ökad 

träningsvolym och därmed ett stort eget ansvar i en tidig ålder. I de fall där helheten inte finns 

i åtanke blir det lätt obalans mellan träningsvolym och återhämtning. Utan ordentlig planering 

och förmågan att lyssna på sin egen kropp ökar bland annat risken för skador.  

Syfte: Syftet med studien var att fastställa om träningsvolym, skadetillfällen och typ av skada 

skilde sig mellan unga kvinnliga och manliga elever som går en nationellt godkänd gymnasial 

idrottsutbildning med hanbollsinriktning. Vidare så var syftet att analysera om kondition och 

träningsvolym har en hög korrelation (r> 0,50) mot skadetillfällen hos elever som går en 

nationellt godkänd gymnasial idrottsutbildning med hanbollsinriktning. 

Metod: För att kartlägga träningsvanor, skador och kondition användes ett frågeformulär som 

bestod av en sammanställning av två tidigare validerade frågeformulär med syfte att kartlägga 

träningsvanor och skador. Samt det submaximala Åstrands konditionstestet på cykelergometer 

som uppskattar maximal syreupptagning. 

Resultat:  Resultaten i studien visar en signifikant skillnad i träningsvolym mellan könen. 

Kvinnorna hade en genomsnittligt högre träningsvolym med 2 timmar/vecka jämfört med 

männen. Den vanligaste skadetypen var överbelastningsskador som stod för 68 % av alla 

skador som rapporterades. Dock var det inga signifikanta skillnader mellan könen, men en 

indikation på att kvinnor verkade drabbas av fler akuta skador än män hittades. Det fanns en 

moderat korrelation (rs=0,43) mellan träningsvolym och skadetillfällen bland deltagarna i 

studien, denna försvann dock om man separerade dem efter kön.  

Slutsats: Slutsatsen från studien är att kvinnliga unga handbollsspelare på en nationellt 

godkänd gymnasial idrottsutbildning med handbollsinriktning har en högre träningsvolym än 

männen på samma utbildning samt en trend att kvinnorna hade fler skadetillfällen. Det är 

troligt att en ökad träningsvolym ökar risken för skada hos både manliga och kvinnliga unga 

handbollsspelare. Därför uppmanas elever och tränare på liknande utbildningar att vara 

försiktiga med att öka träningsvolymen för snabbt och hela tiden följa upp och anpassa 

träningen för eleverna för att i största möjliga mån undvika framtida skador under 

utbildningstiden.  

 



 
 

 
 

Abstract 

 

Background: Today, sport specific high school educations is a common alternative for 

students applying for educations. The majority of the larger cities in Sweden has this option 

for adolescent athletes, allowing them to start their journey towards the elite in an early age. 

However, this option leads to higher training volume and a greater responsibility for the 

young athletes. If training volume is not controlled the everyday life of the athletes gets 

affected and the risk of injuries increases.  

Aim: The aim of this study was to determine if training volume, injury prevalence and type of 

injury differed between young female and male students attending a handball specific high 

school education. Furthermore, the aim was to analyse whether cardiovascular capacity and 

training volume have a high (r > 0.50) correlation with the injury prevalence among students 

attending the sport specific handball high school education.  

Methods: When examining training habits, injuries and cardiovascular capacity in this study, 

a questionnaire and the submaximal Åstrands cycle ergometer test was used. The 

questionnaire was a compilation of two already existing and validated questionnaire and the 

Åstrands test was performed according to the existing test manual to guarantee valid results.  

Results: The main results in this study show a significant difference in training volume 

between sexes, the women in the study had an increased training volume of 2 hours/week 

compared to men. The most common type of injury was overload injuries (68% of all 

injuries). However, there was no significant difference between sexes although an indication 

that women suffers from more acute injuries than men was seen. There was a moderate 

correlation (rs=0.43) between training volume and injury prevalence but no correlation when 

dividing the group by sex.  

Conclusions: The conclusion from this study is that female adolescent handball players in a 

handball specific high school education have both higher injury prevalence and higher 

training volume than age-, sports- and school matched male players. Also, for all participants 

in a handball specific high school education an increased training volume is likely to increase 

the risk of injury in the athletes. Also, there was a trend that women had a higher injury 

prevalence than men. Therefore, adaption in training volume should be made with care and 

under observation from coaches to adapt the athletes and avoid further injuries.  
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Background 

  

In today's society the possibilities to attend a sport specific, elite oriented high school 

education is easily available for young athletes. National Federation of State High School 

Associations shows that participation in sports specialised education increases every year 

(NFHS, 2018). The same patterns are shown in the popular Swedish correspondent education 

called nationally approved sports education (nationellt godkänd idrottsutbildning, [NIU]) 

(Badminton Sweden, 2018). These sports educational programs allow young athletes to start 

their elite career at an earlier stage in life while still receiving an education. The specific 

orientation in NIU is adapted by adding sport specific exercise lessons in their schedules 

every week. The schools adapt the sessions by themselves, but the participant specialised 

exercise is between 400-700 credits where 80% of the time is spent exercising (Lund, 2010). 

  

Training volume 

  

The increase in training volume and frequency attributed to the sports educational program 

allows the athletes to adapt their training. Instead of just focusing on their handball specific 

training they get additional time allowing them to focus on preventive rehabilitation sessions 

as well as rehabilitate current injuries and improve weaknesses. However, an increased 

training volume also leads to the risk of overreaching and even overtraining (Baechle & 

Earlie, 2008). Overtraining is a symptom that occurs when athletes train too hard in relation to 

their own capacity and does not get enough time for recovery. Also, the athlete will not be 

able to utilize the effects of training and it is common to experience a decrease in physical 

capacity instead for the desired increase. Both conditions result in a decreased ability to 

perform along with an increased risk of injury. This risk increases if the athletes do not plan 

their total training program properly and make sure to get enough time for recovery (Baechle 

& Earlie, 2008). In the case of an NIU education when the training volume rapidly increases 

after entering the education, it is important to adjust the intensity and duration of the sessions 

for the athletes to fully recover. Regardless, there are cases when a planned overreaching can 

be adapted at specific occasions during the season to optimize performance. However, when 

increasing training volume or entering a phase of overreaching there must be a plan for 

recovering afterwards (Baechle & Earlie, 2008).  
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Training, recovery and injury susceptibility   

  

Many studies have tested various aspects that could be possible factors to optimize recovery 

in elite athletes. Intake of energy is a beneficial aspect for performance and recovery. 

However, timing, volume and type of energy intake must be adapted on a personal level to 

improve recovery after training and therefore reduce the risk of injury (Ranchordas, Dawson 

& Russell, 2017). Stress level and sleep are also important factors in the recovery process 

(Nédélec, Halson, Abaidia, Ahmaidi & Dupont, 2015). Therefore, the athlete can affect their 

recovery process with external methods such as sleep, stress-reduction and food patterns 

(Nédélec et al. 2015; Ranchordas et al., 2017). Despite knowledge of these external factors, a 

recent study showed that the injury prevalence in young soccer players in sport specific 

educations has increased. However, the study also shows increased levels of participation. 

The study mention that the increased level of participation could be a possible factor to the 

increment in injury prevalence (Welton, Kraeutler, Pierpont, Bartley, McCarty & Cornstock, 

2018). Therefore, it is to be assumed that other aspects than the external factors contribute to 

these injury patterns. For example, a fully recovered muscle decreases the risk of injury 

compared to one that is not (Beachle & Earlie, 2008). Thus, the athlete’s physical level is also 

a factor in the recovery process. Some athletes recover faster than others and can therefore 

increase the training load without necessarily increasing the injury risk connected to fatigue 

(Baechle & Earlie, 2008). Another factor is the cardiovascular aspect. It has been shown that 

adolescent female football players with a higher maximal cardiovascular capacity (VO2max) 

in the pre-season period had fewer occasions of injury and illness during the competitive 

season (Watson, Brickson, Brooks & Dunn, 2017). Therefore, this study will be focusing on if 

the VO2max and training volume are associated with injury prevalence when performing at 

sub-elite level. 

 

Definition and examination of injuries 

 

The concept of bodily injury can be defined in several different ways. Maffulli et al., (2015) 

define an injury as an impaired range of motion along with a decrease in ability to perform 

without pain. The definition of injury can also be defined as a condition that occurs in relation 

to participation in physical activity or a condition that required medical attention from 

medically qualified persons, where the condition results in restriction of sports participation 
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for more than one day (Swenson, Yard, Fields & Comstock, 2009). Injuries in the context of 

sports, are mainly classified in two groups; injuries after direct trauma (acute injuries) and 

injuries after indirect trauma (overload injuries). An acute injury is defined as an injury that 

occurs at a given occasion and time, whereas an overload injury is described as an injury that 

occurs over time, therefore no exact occasion or time can be decided as from when the 

overload injury occurs (McArdle, Katch & Katch, 2015). Additionally, there is one aspect of 

injuries worth mentioning; the recurrence of injury which is defined as an injury that occurs 

on the same part of the body, with the same symptoms as an earlier injury (Swenson et al., 

2009). Recurrence of injuries can appear in both classifications of injuries and a study show 

that 11% of all injuries in sport specific education athletes is recurrent (Welton et al., 2018). 

They also mention that ligament sprains are the most common recurrent injury and that the 

ankle is the most affected area. Since injuries have consequences on the athlete’s development 

and future in sports, prevention of injury and knowledge of the reason behind the patterns 

should be prioritised (Swenson et al., 2009). For adolescent athletes increasing their training 

load in a NIU education, awareness and prevention is key, especially since overload injuries 

are the most common injury in adolescent athletes (Ranchordas et al., 2017). Additionally, 

studies have presented evidence that injury prevalence in adolescent athletes is higher among 

women than men, making it particularly important to consider when planning and evaluating 

training programs (Von Rosen, Kottorp, Fridén, Frohm & Heijne, 2018a; Von Rosen, Heijne, 

Frohm, Fridén, & Kottorp, 2018b).  

 

One of the most common ways when documenting injuries is to use a research-questionnaire. 

When using questionnaires, it is important to use methods that are validated to ensure a good 

result. Regarding questionnaires about injuries and physical exercise there are various 

validated models. The questionnaire developed by Clarsen, Myklebust & Bahr (2013) for 

adolescent athletes concerning injury levels has been used in other studies for examining 

injury patterns (Von Rosen et al., 2018a). However, the questionnaire developed by Clarsen et 

al. (2013) does not include information about type and area of injury. This kind of questions 

are validated and used by Swenson et al. (2009). Therefore, to get a reliable result of a 

questionnaire, the combined models and methods from Clarsen et al. (2013) and Swenson et 

al. (2009) are appropriate for future studies within the area. 
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Cardiovascular capacity 

  

VO2max is a measurement of the maximum rate of oxygen consumption the body is capable 

to utilize and can be presented in absolute or relative values (McArdle et al., 2015). The 

absolute value is presented as L/min which represents the amount of oxygen the body can 

utilize every minute. The relative VO2max value takes the body weight into account and is 

therefore presented as ml/kg/min (Mcardle et al., 2015). The relative value considers the body 

weight and contributes to a clearer view of the athlete’s actual ability to maintain an exercise 

with aerobic processes. Thus, relative values are more important in sports where athletes 

perform their sport against gravity and movement of their own body is of importance.  

  

The main factors affecting VO2max are heart rate (HR), stroke volume of the heart (SV) and 

the internal respiration system (McArdle et al., 2015). The SV multiplied with HR equals the 

cardiac output (Q) measured in L/min (McArdle et al., 2015). It is important for the 

cardiovascular system to be able to maintain and distribute the blood flow according to the 

needs of the body in different situations. Blood flow and distribution in rest and at strenuous 

exercise differs considerably (McArdle et al., 2015). At rest Q for a normal person is around 5 

L/min where 20% is estimated to be distributed to the skeletal muscles. When exercising at a 

strenuous level, Q can increase to 25 L/min and the distribution to skeletal muscles increases 

to 84% (McArdle et al., 2015). As these variables can be improved by physical exercise and 

the fact that Q has a linear relationship with VO2max, is useful to consider when planning a 

training schedule (McArdle et al., 2015). Knowledge of the linear relationships between Q, 

VO2max, HR and workload can therefore be used for estimations of the variables. The 

submaximal Åstrands cycle ergometer test for estimating VO2max is based on these variables 

and uses the linear relationship of HR, workload and oxygen consumption (Åstrand, 1964). 

  

There are various methods for testing the VO2max. To perform a VO2max test with the 

highest reliability and validity possible, a maximal test with laboratory analytical equipment is 

necessary. The equipment must be able to measure ventilation, levels of oxygen and carbon 

dioxide to determine VO2max. This includes certain risks connected to the maximal effort that 

must be performed, is very costly and very time consuming. Therefore, to avoid these 

parameters many other methods have been developed. Both maximal effort tests such as the 

Cooper- and Beep test where time and distance is measured, and submaximal effort tests such 
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as the Åstrands cycle ergometer test and Sjöstrands (PWC170) test where the VO2max is 

estimated with different formulas (Bellardini, Henriksson & Tonkonogi, 2009). Especially, 

the Åstrands test is highly validated and standardised and can easily be executed on an 

ergometer in laboratory environments (Bellardini et al., 2009). 

  

Åstrands cycle ergometer test 

  

The Åstrands cycle ergometer test is based on the linear relationship between workload, 

VO2max and HR. Therefore, a submaximal test with these variables in consideration can 

result in a valid estimation of VO2max (Åstrand & Ryhming, 1954). The Åstrand test is 

executed on a cycle ergometer and takes 6 minutes to perform if no obstacles occur (Åstrand, 

1964). It is important to follow the standardisations evaluated for the Åstrands test to maintain 

a high reliability and validity (Andersson, 2012). However, the original test developed by 

Åstrand & Ryhming (1954) is only validated for individuals within the ages 18-30. This is 

because the Åstrands test does not take the variation in maximal heart rate that is affected by 

age, although, adaptations were later made for a wider age span than the original test (Åstrand 

1964). One common formula for estimating maximal heart rate is 220 subtracted by age, 

which equals in a considerable difference between adolescents and elderly individuals (Cink 

& Thomas, 1981). Therefore, the age correction factor for younger athletes (age ≤ 18) has 

been evaluated by Cink & Thomas (1981) and confirm that age correction is necessary to 

maintain the reliability and validity of the Åstrands cycle ergometer test when used with 

adolescents.  

 

Rationale 

  

When attending a sport specific educational program training volume increases rapidly (Lund, 

2010). Increased training volume result in higher demands on the athletes planning and 

general lifestyle to utilize the effects of training. Therefore, this study could contribute with 

knowledge about the correlation and differences between the sexes regarding the athletes 

VO2max, training habits and injury prevalence during their education. Also, which type of 

injuries and if one of the sexes have a higher risk for either overload or acute injuries during 

their time at the education. This knowledge can later be taken in consideration to avoid 

injuries when planning training programs and accepting students to the education.  
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Aim 

  

The aim of this study was to determine if training volume, injury prevalence and type of 

injury differed between young female and male students attending a handball specific high 

school education. Furthermore, the aim was to analyse whether cardiovascular capacity and 

training volume have a high (r > 0.50) correlation with the injury prevalence among students 

attending the sport specific handball high school education.  

 

Research questions: 

 

Is there a difference in training volume, injury prevalence or maximal oxygen 

consumption between the sexes in students attending a handball specific education? 

Is there a difference in how injuries divide into acute and overload injuries between 

the sexes in students attending a handball specific education? 

Is there a high (r > 0.50) correlation between estimated maximal cardiovascular 

capacity and injury prevalence in students attending a handball specific education? 

Is there a high (r > 0.50) correlation between training volume and injury prevalence in 

students attending a handball specific education?   

 

Methods 

  

Participants 

  

The study was executed on 23 adolescent (age 16-18) handball players, 11 women and 12 

men. Since there are participants at the age of 18 the terms men and women will be used when 

referring to the sexes. One male participant dropped out in the process. Therefore, the 

statistical analyses were made on 22 participants (11 men and 11 women). The criteria to 

participate in the study was that they were between the ages 16-19, had attended the NIU 

handball education for at least one semester and had registered their weekly personal 

evaluations during the past three months. Exclusions criteria were if they suffer from illness at 

the day of the test or have a current injury or other condition that could interfere with the test 

result from the cycle ergometer. 
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Procedure 

  

The test week started at the student’s weekly morning meeting where the test leader attended 

to inform about the study and collect all signed written consents. Thereafter the ones that were 

interested were given the questionnaire regarding injuries that they answered with help from 

their weekly evaluation reports that they had registered throughout the last semester. When 

the questionnaire was finished, questions regarding scheduling and execution of the upcoming 

VO2max test were answered. Those that were insecure about participation had two weeks to 

decide before the tests started. If so, they were given time to answer the questionnaire at the 

same occasion as the VO2max test was executed. 

  

Participants were weighed on a scale (VB2-200-50 sport-vågen, vetek weighing AB, Väddö, 

Sverige) without shoes and in light clothing. The result was entered as whole kilograms and 

later used for estimating the relative VO2max. After measuring weight all preparations and 

individual guidelines regarding workload and adjustments of the cycle ergometer was 

determined. Following the preparations, the test was started with a short warm up on the bike 

before the workload was adapted and the Åstrands test started. 

  

Åstrands cycle ergometer test 

  

The submaximal VO2max test was performed on a monark ergometer bike. All the 

adjustments on the bike and procedures in testing followed the standardisations evaluated for 

the Åstrands test (Andersson, 2012). Equipment used to perform the test was an ergometer 

bike (Monark LC6, Monark exercise AB, Vansbro, Sverige), metronome (Seiko DM70BE, 

Seiko group CO, Tokyo, Japan), stopwatch, heart rate sensor (polar H7 heart rate sensor, 

Polar electro OY, Kempele, Finland), Borg scale (Borg, 1982 ) and tables for estimating the 

VO2max from the Åstrand test manual (Andersson, 2012). For those ≤ 18 the age correction 

factor of 1.1 was used when estimating the absolute VO2max (Cink & Thomas, 1981). The 

Borg scale, which is based on the theory that the HR will be connected to the estimated 

physical exertion, has been included in the test for the recent years to give an indication if the 

workload is adequate for the participants. However, the HR should always be the decisive 

factor regarding regulation of workload (Andersson, 2012). When using the nomograms, the 

estimated VO2max is presented as an absolute value. However, in many cases a relative value 
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for VO2max is preferred. To calculate this, the weight of the test person must be known. 

Earlier studies mean that individual perceptions of anthropometric values tend to be 

inaccurate (Horan, Gibney, Molloy & McAuliffe, 2015). Therefore, to get an accurate and 

standardised result, a weight measurement was executed before executing the Åstrand test.  

 

The Åstrands cycle ergometer test was originally validated in a dissertation, before being 

published as an article (Åstrand, 1954). However, when following all standardisations from 

the Åstrand (1954) test manual with the adaptations from later studies the validity and 

reliability of the Åstrand cycle ergometer test is confirmed (Andersson, 2012). In earlier 

research, when testing validity for the Åstrands test, there are no bias shown in the systematic 

part. Also, a limited variation between an actual VO2max test and the submaximal Åstrands 

test is shown with a mean difference in absolute values of 0.01 L/min in the confidence 

interval of (95% CI -0.10 - 0.11) (Ekblom-Bak et al., 2007).  

 

The step by step execution for the test was based on the recommendations from Andersson 

(2012). Firstly, the ergometer settings were individually adjusted on the self-calibrating 

monark ergometer. Thereafter, the polar heart rate monitor was controlled for connection and 

the metronome was set for 100 bpm which in the test equals a frequency of 50 rpm. To 

maintain validity, the VO2max of the athlete must be at approximately 50% while working on 

the given frequency. This is the reason why the HR should be stable between 130-150 bpm 

(Åstrand, 1964). Since all participants are athletes in an elite environment the preparation 

questions were not asked as they were all presumed to be highly trained athletes. Therefore, 

the workload was set for 600 kpm/min (100 watt) for all women and 900 kpm/min (150 watt) 

for all men (Andersson, 2012). However, by using the Borg scale and asking the participants, 

it was determined if the initial workload was adequate (Borg, 1982). If so, it was modified 

with 25 watts per time for women and 50 watts per time for men until an adequate workload 

was reached. Once the test was started the participants rhythm was controlled at every minute 

to maintain 50 rpm. At the third minute, the estimated effort from the participant and the HR 

was considered to decide if the workload should be further adjusted. At this stage HR was 

expected to be within 130-150 bpm (Andersson, 2012). If the workload was adjusted, six new 

minutes started. If not, the test went on as before. If the HR did not differ more than three 

bpm between minute five and six, the test was ended, and the values were noted. If the HR 

was not stable enough the test was prolonged with one minute at a time until the maximal HR 

variations was within three bpm. 
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After the test, all results were interpreted according to the pre-calculated tables for 

determining the participants VO2max (Andersson, 2012). Both the absolute value (L/min) and 

the relative value (ml/kg/min) was determined. For people between the ages 20-29 there are 

classifications in VO2max levels used by Åstrand (1964). Since no classifications for people 

<20 years was developed the already existing classifications for the ages 20-29 was used to 

classify their VO2max and set their results into perspective.  

 

Training volume and injury prevalence questionnaire 

  

The participants completed the questionnaire including questions regarding injuries. 

Prevalence and type of injury was asked for. The part about injuries was based on the 

questionnaire model produced and validated by Clarsen, Myklebust & Bahr (2013). The same 

questions have been used in earlier studies with a high school sports education population 

with satisfying results (Von Rosen et al., 2018a). The outline of the questionnaire was to 

reflect the layout of questions from Von Rosen et al. (2018a) where injury prevalence and 

training impact was in focus. The study also includes the method of questioning from 

Swenson et al. (2009) where type of injury and recurrence was included. 

 

The approach of questioning used in the study by Clarsen et al. (2013) was to depict the injury 

as an experienced problem in a specific area rather than using the term injury. They also 

discuss the problem of letting the participants determine their injuries as acute or overload 

injuries. To get a valid result from the questions regarding the injury impact on training 

Clarsen et al. (2013) has developed a method with different standardised alternatives for 

answering. Regarding effect on training the alternatives where; full participation without 

problem in the affected area, full participation with problems in the affected area, decreased 

participation due to the problematic area and cannot participate due to the problematic area. 

Therefore, these alternatives were used in the questionnaire of this study. Also, a 

questionnaire should follow the instructions of a visual analogue scale that allows the 

participants to determine a value within a range of two defined conditions (Haefeli & 

Elfering, 2005).  
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Ethical and social considerations 

  

Ethical considerations 

  

The study followed the terms of the declaration of Helsinki. This includes the handout of a 

written consent (appendix 2) that had to be signed before participation in the study. The 

consent contained information about the purpose and methods of the study among with 

potential risks and advantages regarding participation. It was also made clear that 

participation was voluntary and that it at any time could be ended without further explanation. 

To make the participants feel comfortable in the study potential questions about the study was 

referred either straight to the test leader or through their head coach. Also, at the day of the 

test all participants were given the opportunity to get further information about the method. 

  

Social considerations  

  

The result in this study could contribute with knowledge about the correlation between the 

athletes injury ratio and training volume along with VO2max during their time at NIU. This 

knowledge can later be taken in consideration when planning training programs and when 

accepting students to the education. Future studies can later determine potential causation and 

not just the correlation between the involved factors. Later, this knowledge can also lead to 

better planning and in the long run a decrease in injuries for the students. 

  

Statistics 

  

The study was executed as a retrospective quantitative study. When interpreting the results 

and calculating the statistics the data was transferred into IBM SPSS (IBM SPSS statistics for 

windows, version 24.0. IBM, Armonk, New York, USA). At first, data were analysed for 

normal distribution, which showed that they were not normally distributed. Thus, non-

parametric statistics were used and the suitable method for the correlational analyses of the 

results was Spearman's correlation coefficient. The classification of the correlations was 

interpreted as: 0.10<rs<0.29 low, 0.03<rs<0.49 moderate, 0.50<rs<0.69 high, 0.70<rs<0.89 

very high, 0.90<rs nearly perfect and r=1.0 perfect (Hopkins, 2002). The value used for 

statistical significance was P<0.05. 
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The comparisons of male and female handball players were made with Mann-Whitney 

statistics. To better compare the results with other studies, mean values along with standard 

deviation and range value are presented. 

 

Results 

 

Sex differences for injury, training volume and oxygen uptake 

 

There was a significant difference in training volume between the sexes (P=0.048) showing 

that women have an average of two hours more in training time per week than the men among 

the adolescent handball high school students (Table 1). There are indications that the women 

have a higher injury prevalence than the men with an average of 1.3 weeks of injury more 

than the men in the 12-week period of the study, however the result is not significant 

(P=0.27). In regard to VO2max there is a significant difference between the sexes in the 

absolute value where men have an average of 1.2 L/min higher VO2max than the women 

(P=<0.01). However, when VO2max is related to body weight the difference between the 

female and male handball players disappear (P=0.18; Table 1).  

 

Table 1. Differences in training volume, injury prevalence and cardiovascular capacity 

between female and male adolescent handball players. 

 All (n=22) 

mean ± SD 

(range) 

Women (n=11) 

mean ± SD 

(range) 

Men (n=11) 

mean ± SD 

(range) 

P-value 

Training volume1  

 

10.0 ± 2.2 

(5.0–15.5) 

11.0 ± 2.8 

(5–15.5) 

9.0 ± 0.3 

(8.5–9.5) 

0.048 

Injury prevalence2  

 

3.6 ± 4.3 

(0–12.0) 

5.4 ± 5.4 

(0–12.0) 

4.1 ± 0.7 

(0–4.0) 

0.27 

Injury occasions3  

 

3.9 ± 5.0 

(0–18.0) 

5.9 ± 6.4 

(0–18.0) 

1.8 ± 1.3 

(0–4.0) 

0.30 

Acute injury occasions3  

 

1.2 ± 2.8 

(0-12) 

2.3 ± 3.7 

(0-12) 

0.2 ± 0.4 

(0-1) 

0.10 

Overload injury occasions3 2.6 ± 4.0 

(0–12) 

3.6 ± 5.5 

(0–12) 

1.6 ± 1.4 

(0–4) 

0.47 

VO2max absolute4  

 

3.5 ± 0.9 

(2.2–5.8) 

2.9 ± 0.6 

(2.2–4.0) 

4.1 ± 0.7 

(3.5–5.8) 

<0.01 

VO2max relative5  

 

51.6 ± 10.8 

(37.0–70.0) 

48.3 ± 10.7 

(38.0–69.0) 

54.8 ± 10.5 

(37.0–70.0) 

0.18 
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 1 Training volume defined as h/week during a 12-week period. 2 Injury prevalence is the 

number of weeks with injury during the 12-week period. The subcategories of injury are 

based on the total amount of injury occasions during the 12-week period. 3 Total amount of 

injury occasions defined as mean injury occasions/week during the 12-week period. 4 VO2max 

presented as absolute values (L/min). 5 VO2max presented as relative values (ml/kg/min). 

SD=standard deviation 

 

 

The division of injury occasions were subcategorized into acute and overload injuries. For all 

participants, 32 % of all injury occasions during the 12-week test period were acute injuries 

and 68 % were overload injuries. However, there was no significant difference between the 

sexes. Additionally, the women stand for 93% of the acute injuries and men for 7% (Table 2). 

The overload injuries are 69% in women and 31% in men (Table 2). The most common area 

of injury, for both acute and overload injuries, was the lower leg. However, some injuries in 

the area around the hip, trunk, neck and arms were also registered. 

 

Table 2. All registered acute and overload injury occasions divided between female and male 

adolescent handball players. 

Injury types Women  

(n=11) 

Men  

(n=11) 

Acute injuries1 92.6 7.4 

Overload injuries2 69.0 31.0 

1 Percentage of all registered acute injury occasions during the 12-week test period 

(corresponding 32% of all injuries registered, both acute and overload). 2 Percentage of all 

registered overload injury occasions during the 12-week test period (corresponding 68% of all 

injuries registered, both acute and overload). 

 

The women have a higher variation (as shown in a larger SD and range) in both training 

volume, injury prevalence and injury occasion compared to the men in the study, however 

only training volume is significantly different (Table 1). Regarding injury prevalence and 

training volume, there are no significant differences between the sexes. However, the range 

values for women is from 0-12 weeks of injury in the 12-week period of the study while the 

men only have a range from 0-4 weeks of injury. The variations of training volume between 

the sexes is also considerable where women have a range from 5-15.5 hours per week during 

the 12-week period of the study. The men on the other hand have only a variation from 8.5-

9.5 hours per week. There are also indications that the women with higher training volume is 

also the individuals with a higher injury prevalence (Figure 1).  
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Figure 1. A comparison of injury prevalence (weeks of injury in the 12-week period) and 

training volume (average amount of hours per week during the 12 weeks) between sexes.  

 

Injury prevalence and training volume correlations with oxygen 

uptake 

 

To determine if any associations exist between injury prevalence, VO2max and training 

volume, correlational analyses were performed. The results from these correlations indicate 

no correlation (rs=-0.09, P=0.71) between injury prevalence and relative VO2max in handball 

students. In contrast, a moderate correlation (rs=0,43, P=0.046) between training volume and 

injury prevalence was found that suggests that injury prevalence increases when training 

volume increases (Figure 2).  
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Figure 2. Correlation between Injury prevalence and training volume in adolescent handball 

players attending a sport specific high school education. Injury prevalence is presented as 

weeks with injuries during the 12-week test period. Training volume is defined as total 

training volume/week and is classified from 1-5 where 1=3-5 h/week, 2=6-8 h/week, 3=9-10 

h/week 4=11-12h/week and 5>12h/week. 

 

Discussion  

 

The main results from the current study show that there are differences in training volume and 

some indications of differences in injury prevalence between sexes. Adolescent female 

handball players seem to have a tendency to have both a higher training volume and a higher 

injury prevalence than men. There is also a moderate correlation between training volume and 

injury prevalence in adolescent handball players where a higher injury prevalence in 

especially the women might be caused by their higher training volume.  

 

Results discussion 

 

In the current study we found a significant difference between sexes in training volume where 

women have a higher average training volume with 2 h/week compared to men. These 

findings confirm the results showing that young (age 13.6 ± 1) female athletes in gymnastics 

have a higher training volume that men (age 12.4 ± 1.6) in the same sport (P<0.01) 
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(Weimann, 2002). To our knowledge, no studies on sex-differences in training volume for 

handball players exists. Furthermore, gymnastics and handball are two quite different sports, 

thus, the aspects of training volume in handball players is a subject for future studies to 

examine. Both to find out why these differences exists and how they affect the athletes both in 

their careers but also later in life.  

 

Regarding injury prevalence there are slight indications (but not significant) that the women 

have a higher injury prevalence than men with 1.3 weeks of injury more during the 12-week 

period of the study (P=0.270). The fact that the women have a more considerable range of 

injury prevalence than men with measurements from 0-12 weeks of injury compared to 0-4 

weeks for men could possibly have influenced the non-significant findings. Female athletes 

being more injured conform with earlier studies, who found evidence that adolescent female 

athletes have a higher injury prevalence than men within the same age range and sport 

discipline (Von Rosen et al., 2018a). It is also shown that women not only suffer from more 

injuries than men, but they also have a higher rate both in duration and occasions of injury 

(P=0.023) (Von Rosen et al., 2018a; Von Rosen et al., 2018b). 

 

As expected, in the current study we found that men had 1.2 L/min higher absolute VO2max 

than women (P<0.01). However, it was a bit more unexpected that in relation to body weight, 

the significant difference disappeared (P=0.18). Previous studies on young athletes (average 

age 16 and 20) have found evidence that men should have a higher relative VO2max than 

women (Sharma & Kailashiya, 2016; Mageean, Alexander & Mier, 2011). However, one 

interesting finding from Mageean et al. (2011) is that the significant difference in VO2max 

where men had 7.7 ml/kg/min higher relative value than women no longer emerged when 

using fat free mass instead of total body weight. When using fat free mass, women shows a 

0.6 ml/kg/min higher relative value than men (Mageean et al., 2011). However, the result is 

not significant and therefore, is only an indication. This result shows that the athletes body 

composition is important when using relative values in sex comparisons. Mageean et al., 

(2011) presents a difference in body fat percentage with 8.5% for men to 21.6% for women 

(P<0.05). This could indicate that the participants in the current study have a different and 

more even body composition between sexes than the participants described by Mageean et al., 

(2011).   
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When examining how type of injury divide into overload and acute injuries for all, the current 

study found that overload injuries are considerably more common with 68% of all injuries 

being overload injuries. However, when dividing injury types between sexes there were no 

significant differences, but we found a trend (P=0.10) indicating that women have a higher 

tendency to suffer from acute injuries compared to men. Of all acute injuries, women 

represented 93% occasions. There was no significant difference between the sexes regarding 

overload injuries where women represent 69% of all overload injuries registered by both 

sexes. Furthermore, no significant difference between type of injury between sexes was 

shown. In comparison, Von Rosen et al. (2018b) reports that out of a total of 20 injured 

handball players, the adolescent handball players had the highest injury prevalence with 

47.6% compared to older players. Their results show a similar difference in type of injury as 

in this study, where injuries with gradual onsets, which equals overload injuries, were the 

most common representing 57% (P<0.01) (Von Rosen et al., 2018b). The current study also 

supports the results presented by Ranchordas et al. (2017) that overload is the most common 

type of injury. In their study on football players, including adolescents, 76% of injuries was 

overload injuries. They also discuss the problem with playing many matches without enough 

time for recovery. For example, the amount of injuries increases with 6.2 times more injuries 

when increasing match volume from one to two games per week (Ranchordas et al., 2017). 

However, their focus on decreasing injuries was more based on the dietary aspects than 

training volume and cardiovascular capacity as in our study.  

 

The problem with increased risk of injury with a higher match volume discussed by 

Ranchordas et al. (2017) could be a cause for the injury patterns in adolescent female handball 

players presented in the current study. It is common for women to play and train both with 

their youth team and the senior team leading to a higher match volume, less recovery time and 

therefore a higher risk of injury. One reason why women have a higher training volume is that 

they tend to get involved in senior team plays at an earlier age compared to men. Also, the 

difference between the sexes in muscular growth and production of hormones affects 

adolescent female and male athletes different where men have higher volumes of testosterone 

and therefore recovers more efficient, mainly in the lower extremities, than women (Wild, 

Steele & Munro, 2012). Further studies in these areas are necessary to clarify the main factors 

behind why and how these injury patterns occur in female and male athletes.  
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The correlations analysed in the study showed no association between VO2max and injury 

prevalence in the studied population. This is in contrast to research that found trends 

(Pinjury=0.13, Pillness=0.14) that adolescent athletes with higher VO2max during the pre-season 

period does not suffer from as many injury and illness occasions during the in-game season as 

those with a lower value (Watson et al., 2017). However, these indications are not confirmed 

by the current study. Therefore, future research is encouraged where increased levels of 

participants are analysed for a longer period, which might result in evident results.  

 

In the current study we found a moderate correlation between training volume and injury 

prevalence. Studying the correlation closer, we see that that women generally have a higher 

training volume than men and tend to be more injured. However, they also have a wider range 

between 5-15.5 h/week where there are indications that the variation in range are lower for 

men, with a range between 8.5-9.5 h/week. These variations can once again be connected to 

the higher demands of reaching the senior team while still participating in the youth team 

which could lead to a higher training volume not controlled for enough recovery time. 

Although, there are only low correlation that increased levels of training volume should 

correlate towards injury prevalence when only analysing the women (r=0.30 P=0.37) in the 

current study. Thus, the result regarding training volume and injury prevalence indicates that 

the risk of getting injured increases for all adolescent handball players when they increase 

their training volume. Although, earlier research in the area has shown that women have a 

higher injury prevalence than men, regardless of training volume (Von Rosen et al., 2018a; 

Von Rosen et al., 2018b). However, future studies with higher number of participants might 

give more accurate results in this area.  

 

Method discussion 

 

Participants 

 

The participants in this study were adolescent handball players attending a sport specific high 

school education. Since all participants where active in the same sport all comparison could 

be made without having to consider differences between sports, such as a contact sport and a 

non-contact sport. Earlier studies have not considered this which might explain their result 

that handball players are more injured than other athletes (Von Rosen et al., 2018b). Future 
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comparisons could be more interesting between separate contact sports or ball sports such as 

handball and football or floorball. All participants had to have registered their weekly 

evaluations which was the critical aspect for examining injury patterns retrospectively. Also, 

they were not allowed to suffer from any type of condition, such as illness or injury, that 

could interfere with the VO2max test. Since all participants is handball players their 

periodisation in relation to their season of playing should not differ too much. This could have 

been a problem if different sports were compared. For example, a football player could be in 

the phase where endurance training is prioritized before the start of the season while a 

handball player could be in the last phase of the season and instead focus on the technical 

parts of the game. 

 

Choice of cardiovascular measurement methods 

 

When deciding the most suitable method for the study several articles within the area was 

evaluated. Regarding testing VO2max a pilot study was made where the submaximal Åstrand 

cycle ergometer was considered most suitable. When executing the pilot, time, efficiency, 

workload, potential fatigue for the participants, safety, and execution for both the test leader 

and the participants was taken into consideration. The Åstrand test is validated by Åstrand 

(1954) and adjusted for subjects <18 years by Cink & Thomas (1981). The test has also been 

used for testing VO2max in earlier studies. To avoid impact and pressure from friends and 

coaches the test was executed individually with only the test leader present. This was 

appreciated by the participants since they did not have to feel embarrassed or pressured for 

their performance. One thing that must be considered when testing highly trained athletes is 

their periodisation in training. If they are tested for a longer period their endurance training 

might be different, due to the variations in periodisation of training, and therefore result in 

different results in VO2max.  

 

Choice of questionnaire method 

 

The questionnaire was a combination of two earlier questionnaires that are validated and used 

in other studies. Clarsen et al. (2013) discuss the problems regarding earlier questionnaires 

were mainly overload injuries is not registered properly. They discuss that over 10 times more 

injury occasions were identified with their new addition compared to the traditional 
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questionnaire methods where injury earlier was defined as a state where one cannot 

participate in training sessions instead of asking for decreased participations as the one from 

Clarsen et al. (2013) does. Therefore, to include all injuries incurred by the participants the 

new method developed by Clarsen et al. (2013) was used. Also, the method is used by Clarsen 

et al. (2013) on adolescent athletes which match the participants in this study as well. The 

questionnaire in this study was answered individually with help from their weekly 

evaluations, which was a requirement for participating. This was to maintain the validity in 

their answers. Although, for future studies a prospective, longitudinal collection of data is to 

be preferred instead of a retrospective. When letting the participants fill in the questionnaires 

on a weekly basis it is easier for them to remember exactly what type of injuries the have had.  

 

Future studies in the area should have a longer period of injury monitoring. Also, they should 

include larger study groups with enough adolescent men and women to be analysed 

separately. These recommendations are based on our findings, showing that training load and 

injury susceptibility tend to differ between sexes in adolescent athletes. Also, further methods 

for investigating the reasons behind the results and indications in this study should be 

developed.  

 

Conclusion 

 

The conclusion from this study is that female adolescent handball players in a handball 

specific high school education have a higher training volume and indications towards a higher 

injury prevalence than age-, sports- and school matched male players. Also, for all 

participants in a handball specific high school education an increased training volume is likely 

to increase the risk of injury in the athletes. Therefore, adaption in training volume should be 

made with care and under observation from coaches to adapt the athletes and avoid further 

injuries.  
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Appendices 

 

Appendix 1.  

 

Frågeformulär: Korrelationen mellan skadefrekvens, uppskattad smärta och 

kardiovaskulär kapacitet hos unga elitidrottande handbollsspelare på en 

idrottsutbildning  

 

Det här frågeformuläret tilldelas dig som valt att vara en del i studien Korrelationen mellan 

skadefrekvens, uppskattad smärta och kardiovaskulär kapacitet hos unga elitidrottande 

handbollsspelare på en idrottsutbildning och det berör frågor kring din fysiska status det 

senaste läsåret. Nedan kommer först några allmänna frågor följt av några mer djupgående 

frågor där du förväntas fylla i svaren i tabellen. För att göra detta ska du ta hjälp utav dina 

veckoutvärderingar för att minnas tillbaka. Vid oklarheter eller allmänna frågor, ställ dem 

direkt till testledaren. 

 

Namn:_______________________________________________________________ 

Födelsedatum:_________________________________________________________ 

Kön:        Man ☐        Kvinna ☐ 

Årskurs + klass:_______________________________________________________  

 

Träningsmängd 

Nedan kommer du få svara på tre frågor rörande din träningsmängd och träningsmiljö.  

 

Hur många timmar tränar du en genomsnittlig vecka? Inkludera all träning som relaterar till 

din idrott; styrketräning, grundträning, konditionsträning osv. Avrunda till hel/halv timme. 

____________________________________ 

 

Hur Många timmar tränar du utanför din idrott varje vecka? Ex skolidrott, övriga aktiviteter. 

Avrunda till hel/halv timme. 

___________________________________ 



 

24 
 

 

Hur många minuter match spelar du i genomsnitt varje vecka? avrunda till hel/halv timme. 

____________________________________ 

 

 

Kartläggning av skador 

Nedan kommer du få fylla i en tabell utifrån fem frågor. Du ska svara veckovis från och med 

början på läsåret v.35 till och med v 7. För att svara så rättvist som möjligt på frågorna så ska 

du använda de givna svarsalternativen och välja det alternativ som passar bäst för just den 

veckan. Har du inte haft några skador så lämnar du raden blank.  

 

1. Skadad: Har du upplevt några fysiska problem denna vecka? Med problem menas ett 

tillstånd som i mer än en dag hindrat dig från att använda det berörda området i träning 

fullt ut, ex problem med axeln som hindrat dig från spel med boll. Notera att sjukdom 

inte räknas med i denna kategori.  

2. Träningspåverkan: I vilken grad påverkade skadan din träning denna veckan? svara 

enligt följande alternativ med given kod.  

• Kunde inte delta [0] 

• Minskat deltagande [1] 

• Deltagit med försämrad prestationsförmåga [2] 

• Deltagit fullt ut i träningen, utan att det problematiska området hindrar mig [3] 

3. Typ av skada: Beror problemet på överbelastning som kommit över tid eller 

kom vid en given tidpunkt och händelse? Är du osäker på klassificering så fråga testledaren. 

Överbelastning [Ö], ex benhinnor, förslitningar i axlar, löparknä, stressfraktur osv.. Akut [A], 

Vrickningar, knäskada från yttre trauma, benbrott, lårkaka osv..  

4. Skadeområde: Om du haft en skada, inom vilket område har den varit? (se fig)  

5. Återkommande skada: Har du haft samma problem i samma område tidigare? 

6. Smärta: Har du känt en generell smärta någonstans i kroppen under denna 

vecka? Notera att träningsvärk, huvudvärk och liknande inte räknas som smärta.  

• upplev smärta i stor grad [0] 

• upplevd smärta i måttlig grad [1] 

• upplevd smärta i liten grad [2] 

• ingen smärta [3] 
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7. Smärtkoppling: Om du har känt smärta, har den varit kopplad till en eventuell 

skada denna vecka? 

8. Smärtområde: Om du har känt smärta, inom vilket område har den isåfall 

suttit? (se fig) 

 

 

 

V. 
Skadad 

(Ja/Nej) 
Träningspåverkan 

(0/1/2/3) 

Typ 

av 

skada 

(Ö/A) Skadeområde 
Återkommande 

(Ja/Nej) 
Smärta 

(0/1/2/3) Smärtområde 

Smärta 

av 

skada 

(Ja/nej) 

49         

50         

51         

52         

1         

2         

3         

4         

5         

6         

7         

8         

Tot.         
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Appendix 2 

 

Informerat samtycke avseende studien Korrelationen mellan skadefrekvens, 

uppskattad smärta och kardiovaskulär kapacitet hos unga elitidrottande 

handbollsspelare på en idrottsutbildning.  

 

Det här dokumentet tilldelas dig som valts ut som eventuell deltagare i ett forskningsprojekt. 

Vidare kan du läsa om vad det är för projekt och vad det innebär för de som väljer att delta.  

 

Bakgrund   

 

Jag är en student som går tredje året på Biomedicinprogrammet på Halmstad Högskola och 

jag ska nu utföra min C-uppsats med Halmstad Högskola som huvudman. I studien kommer 

det kollas närmare på sambandet mellan kondition, skador och smärta. Detta görs för att se 

om hur väl de är kopplade till varandra. Konditionstestet kommer att utföras på en stationär 

träningscykel och resterande kommer att identifieras med hjälp av en frågeenkät utifrån dina 

tidigare veckoutvärderingar.  

 

Deltagande och tillvägagångssätt 

 

Studien kommer att utföras på minst 24 elever som läser en gymnasial idrottsutbildning med 

handboll som specialidrott. Vid deltagande kommer du behöva närvara vid ett testtillfälle för 

att utföra konditionstestet samt ett tillfälle för att svara på enkäten. Testtillfällena kommer 

ligga under v. 9–10 i samband med ett av dina schemalagda träningstillfälle under skoltiden. 

Vid anmält intresse och inlämnat signerat samtycke kommer du tilldelas vilken tid och dag 

som testet kommer ske. Vid förhinder meddelas detta till din huvudtränare på skolan eller 

direkt till forskningsansvarig.  

 

Kravet för deltagande är att du är elev på en idrottsutbildning med handboll som specialidrott 

samt att du vid testtillfället är frisk och inte har en nuvarande skada som hindrar dig från att 

kunna utföra konditionstestet på den stationära cykeln. Du bör inte utföra ett tungt 

träningspass dagen innan testtillfället och bör även komma utvilad. Frågeformuläret kommer 

du få besvara med hjälp av dina inskickade veckoutvärderingar från de senaste tre månaderna, 
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detta kommer ske under morgonmötet tis v.7. Själva konditionstestet kommer ske i N-huset i 

högskolans lokaler. Vägbeskrivning kommer ges i samband med frågeformuläret. Vid 

testtillfället kommer vikt för beräkningar av det submaximala testet mätas, därefter anpassas 

cykeln efter dina förutsättningar och konditionstestet utförs. Hela proceduren beräknas ta 30 

minuter per person, därefter är man fri att träna eller vila som man vill.  

 

Det submaximala konditionstest utförs på en stationär motionscykel och går ut på att man 

uppnår en stabil arbetspuls vid en känd belastning. Utefter belastning och arbetspuls kan man 

sedan uppskatta konditionen hos en individ.  

 

Datahantering  

 

Alla personuppgifter som samlas in behandlas konfidentiellt. Detta betyder att alla 

personuppgifter kommer att ersättas med en kod med tillhörande kodnyckel som kommer 

förvaras separerat från insamlade data. Därigenom kommer resultatet bli helt anonymt och 

presenteras på gruppnivå. I och med detta kommer du som individ aldrig kunna identifieras av 

obehöriga vare sig vid sammanställning av resultat eller vid rapportering av data. Efter 

studiens slut kommer filerna sparas inlåsta på högskolan i Halmstad. 

 

Fördelar och risker 

 

Genom att delta i studien bidrar du till en ökade kunskaper kring sambandet mellan kondition 

och skador hos unga elitidrottare. Denna kunskap kan sedan användas av tränare och aktiva 

vid planering och upplägg av framtida träningsprogram. Du som testperson får även möjlighet 

att muntligt delges resultatet från det submaximala konditionstestet. Riskerna med deltagande 

är låga och anses inte vara högre än vid ett vanligt träningspass. Tack vare att konditionstestet 

är submaximalt och inte ett maximalt test så kommer det inte påverka din träning och 

återhämtning mer än just vid det morgonpass som uteblir vid testtillfället.  

 

Etik och sociala aspekter 

 

Vid deltagande delges information av vad som förväntas av dig som deltagare. Medverkan i 

studien är helt frivillig och kan när som helst avbrytas utan vidare förklaring. Vid önskan att 
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avbryta deltagande meddelas detta direkt till huvudtränare eller till forskningsansvarig via 

kontaktuppgifterna nedan.  

 

Ansvarig för studien 

 

Martin Andersson 
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Informerat samtycke 

 

Genom min signatur intygar jag att jag tagit del av information kring studien Korrelationen 

mellan skadefrekvens, uppskattad smärta och kardiovaskulär kapacitet hos unga 

elitidrottande handbollsspelare på en idrottsutbildning samt att jag förstår dess innebörd. Jag 

är införstådd med att min medverkan är frivillig och när som helst kan avbrytas utan vidare 

förklaring. Jag intygar även att jag vid deltagande kommer följa de villkor som delgivits mig.  

 

Deltagare 

 

___________________________________________________________________ 

Underskrift, ort och datum  

 

___________________________________________________________________ 

Förtydligande av underskrift 

 

Ansvarig testledare 

 

___________________________________________________________________ 

Underskrift, ort och datum  

 

___________________________________________________________________ 

Förtydligande av underskrift 

 

 

 

 



PO Box 823,  SE-301 18 Halmstad
Phone: +35 46 16 71 00
E-mail: registrator@hh.se
www.hh.se

Martin Andersson, born 1995. Studied
Exercise Biomedicin 2016-2019.


