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Abstract 
 
Background: Adolescence is a period of considerable growth, maturation and development. The 

physical changes accompanying this period include increase of body size, height and weight and 

individuals tend to naturally improve across performance measures. Maturity timing is 

individualized, those who are chronologically the same age may differ greatly due to their 

maturity status. Handgrip strength is a convenient measure of isometric strength yet there is little 

data examining how handgrip strength is associated with maturation in youth male and female 

athletes.  Aim: The aim of this study was to report the estimated age at peak height velocity 

(PHV) of 7th and 8th grade youth athletes involved in various sports and to investigate the 

association between maturation and handgrip strength. Methods: Anthropometrics and handgrip 

strength measurements were collected biyearly from 199 youth athletes between Spring 2014 and 

Fall 2015 to provide 377 data points. Maturity was indicated by inputting measures of leg length, 

sitting height, chronological age, weight and height into a prediction equation.  Age at PHV was 

predicted and compared among sport types. Associations between maturation and handgrip 

strength were examined between sexes. Results: Age at PHV was 14.2±0.6 years for boys (n= 

115) and12.4±0.5 years for girls (n=84).  Female aesthetic athletes reached PHV significantly 

later than contact and non-contact female athletes. Those postHV were significantly stronger p < 

0.00 than those prePHV. Handgrip strength was largely to moderately associated with maturation 

for boys (n=115 and 225 data points) r = 0.8, p <0.00 and girls (n=84 and 152 data points) r = 

0.5, p = 0.00. When body mass was accounted for the association was small for boys r = 0.3 p < 

0.00, and nearly trivial for girls r = 0.1 p = 0.16.  Conclusion: This study reports estimated age 

at PHV for 7th and 8th grade athletes. Age at PHV for boys was slightly later than previously 

reported for athletes. Female aesthetic type sports athletes saw a later age at PHV than the other 

female athletes. The moderate to strong association between maturation on performance support 

previous research and a large portion of the increase in strength was due to increase in body 

mass. Overall, this study highlights the need for maturation based reference values for handgrip 

strength as well as consideration for maturity differences among youth athletes. 
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Key terminology 

 

Chronological age: The number of years since birth (Balyi & Way, 2008).  

 

Biological maturity: A progressing towards a mature state occurring in all bodily organs and 

systems (including: skeletal age, pubertal status or somatic maturity) (Malina, 2014).  The 

present study will consider biological maturity in the form of somatic maturity; growth of the 

musculoskeletal system (Balyi & Way, 2008).  Biological maturity will be expressed as somatic 

maturity, measured by ‘Maturity Offset”.  

 

Maturity offset: The difference in years from age at peak height velocity (PHV). Negative 

values indicate that they have not yet reached PHV, and positive values indicate the number of 

years since reaching PHV (Mirwald et al., 2002). 

 

Peak height velocity (PHV): Period during the adolescent growth spurt where there is the 

maximum rate of growth (Balyi & Way, 2008). The present study will calculate an estimated age 

at PHV using a ‘Maturity Offset’ prediction equation presented by Mirwald et al. (2002).
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1  Introduction 
 

 Society is often structured by chronological age.  In youth sport, for example, players are 

often grouped by the year they were born. Those born earlier in the year have a head start on 

maturation and an advantage to their later born peers. The system becomes flawed if two 

individuals of the same chronological age differ in growth, maturation and development.  

 Adolescence is a period where individuals experience great anatomical and physiological 

changes, including increasing size and changing body composition (Pearson et al., 2006). These 

changes allow many to improve naturally across performance measures but the timing varies 

individually. Understanding the effect of maturation is not only of importance in fostering fair 

and safe youth sport environments but also, from an exercise and health science perspective of 

comparing an individual to reference values.   

 It’s been well documented that handgrip strength increases with chronological age 

(Nikolaïdis, 2012). However, current reference data on handgrip strength development often 

doesn’t account for individual maturity. Since a 12 year old may have the biological maturity of 

anywhere between a 9 and 15 year old (Balyi & Way, 2008), the potential difference between the 

two age classification systems questions the applicability of these reference values.  This issue is 

most relevant for youth, when large individual biological changes are occurring.   This study 

intends to calculate the biological maturity of 13 and 14 year old athletes and compare handgrip 

strength and maturity. 

 

 
 

1.1  Background 
 
 
 1.1.1  Youth sports  
 

 Youth sports offer numerous benefits that span across multiple developmental domains: 

physical, intellectual, emotional and social (Merkel, 2013; Faigenbaum et al., 2009;  Fraser-

Thomas et al., 2005). In addition to the physical benefits of managing weight control, improving 

muscular strength, endurance and bone health, Fraser-Thomas & Deakin (2005) praise youth 

sport for its role in fostering physical activity habits that may be carried through to adulthood. 
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These habits ultimately help fight heart disease, obesity and numerous other diseases later in life 

(Fraser-Thomas & Deakin, 2005). 

  The method that is used to group youth into age categories in sport introduces an 

unintended bias. The use of chronological age to conform groups in youth sport creates an 

advantage for those born early in the year; those who could have close to a year head start on 

growth, maturation and development. This situation is referred to as the "relative age effect" 

(Barnsley and Thompson, 1988). The phenomenon is visually represented by the skewed 

distribution of birthdates in rosters of elite teams. Those born in the first half of the year are more 

likely to be selected for elite sport (Barnsley and Thompson, 1988; Nolen & Howell, 2010; 

Duprez et al., 2013).  Sherar et al. (2007) measured the qualities of 14 and 15 year old hockey 

players trying out for a Canadian provincial ice hockey team. It was evident that the players that 

made the team were taller, heavier and more biologically mature than those who didn’t. It would 

seem that evaluators are likely to select more mature players in the chronological age group for 

elite level teams. 

 The relative age effect is not presented across all sports. Women’s sports don’t seem to 

be as effected as men’s sports (Baker et al., 2014; Delorme et al., 2010; Vincent & Glamser, 

2006). Baker et al. (2014) partially attributes the lack of a relative age effect in women’s sport to 

the lower number of participants, and therefore a shallower depth of competition.  Aesthetic type 

sports, specifically gymnastics and figure skating, are also resistant to the traditional ‘relative age 

effect’ seen in men’s team sports (Baker et al., 2014). These types of sports focus highly on 

technical skill, and it can be theorized that technical skill is less affected by maturational 

differences. This theory is supported by Vandendriessche et al., (2012) whose cross sectional 

study on youth soccer players found that, while less mature players were disadvantaged in body 

size and physical performance, they matched their more mature peers in technical skills. In 

physical team sports, coaches identify talent by measuring physical ability (Gray and Plucker, 

2010). This may lead to mistaking maturity for ‘talent’. Talented athletes could be overshadowed 

by those who are simply more mature. 
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1.1.2  Biological maturation 

 

 Biological maturation encompasses all the tissues, organs and systems in the human body 

(Malina et al., 2015). Growth and maturation are two interrelated processes. Growth refers to the 

increase of size or mass, while maturation is the progression to adulthood (Baxter-Jones et al., 

2004). Sexual maturation is marked by ‘puberty’, a period during adolescence described as “a 

process of reproductive maturation” (Cameron, 2002). This period involves changes in the 

endocrine system. In brief, the hypothalamus signals a series of hormones, including growth 

hormone-releasing hormone and gonadotropin-releasing hormone, triggering the production and 

release of growth hormone, luteinizing hormone and follicle-stimulating hormone, in turn 

controlling reproductive function and growth (Cameron, 2002).  The further consequence of this 

includes drastic anatomical and physiological changes in the body (Baxter-Jones et al., 2005). 

Two obvious physical changes include increase in weight and stature. 

 When boys enter puberty they experience a decrease in subcutaneous fat, yet large weight 

gain attributed to increase in lean muscle mass (Pearson et al., 2006). This muscle mass is a 

result of the gonadal testosterone released from the testes in response to luteinizing hormone 

(Round et al., 1999; Hansen et al., 1999; Cameron, 2002). Girls tend to enter puberty 

approximately two years before boys (Baxter-Jones et al., 2005). Puberty for girls also brings 

weight gain but as an increase in fat percentage. This is hypothesized to be due to increased 

gonadal estrogen (Cameron, 2002).  

 Growth of stature and body dimensions can be referred to as somatic maturation. Somatic 

maturation is not linear but rather involves periods of rapid growths and plateaus (Lloyed et al., 

2014).  The human life span includes two distinct periods of rapid growth, one around 6-8years 

of age (juvenile growth spurt) and another around 11-18 years of age (adolescent growth spurt) 

(Cameron, 2002). Peak height velocity (PHV) is a milestone where an individual experiences 

their greatest growth rate during their adolescent growth spurt (Cameron, 2002).  At 

approximately 12 years old girls experience their adolescent growth spurt and they often become 

taller and heavier than same aged boys. Eventually, at around 14 years old boys experience their 

own adolescent growth spurt and often surpass the girls in height and weight (Lloyed et al., 

2014).  
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 During puberty, boys become taller, develop greater lean muscle mass and wider 

shoulders (Bacil et al., 2015).  These maturational gains for boys generally compliment sport 

performance and thus boys naturally improve across many physical performance measures 

through adolescence (Beunen & Malina, 2007).  Girls on the other hand, gain weight as fat mass, 

their hips widen and secondary sex characteristics develop, which can arguably hinder physical 

performance (Bacil et al., 2015; Malina et al., 2011a).  Malina et al. (2011a) used age at 

menarche (first menstrual cycle) to assess maturity timing in 13-15 year old female sport school 

athletes. Those individuals who were post-menarche were taller, heavier and had higher fat 

percentage. 13 year old girls who were post-menarche did not score higher than those pre-

menarche on any of the functional tests of long jump, grip strength, 2kg medicine ball throw or 

20m sprint.  In addition, 14-15 year old  post-menarche girls scored higher in handgrip strength 

but none of the other functional tests (Maline et al., 2011a).  Given this information, it can be 

assumed that early maturation is more of an advantage for boys than it is for girls in sport and 

physical performance.  

 

 

1.1.3  Maturity indicators  

 

 Maturation is assessed by identifying maturity indicators. These can either be a status or 

timing of a maturational event. Maturational status is an indicator of the particular stage of 

maturity (ie: pubertal status and skeletal age) (Cameron, 2002). Typically, all individuals go 

through the same pattern of maturity stages but not necessarily at the same time. Maturational 

timing indicates the time a maturational stage occurs (i.e., age at PHV). Individual differences in 

maturity timing become obvious during adolescence. During this period, individuals of the same 

chronological age can easily be at two ends of the maturation spectrum simply because of the 

different maturational timing (Malina et al., 2015). Aligning individuals based on their maturity 

status would control maturational differences among individuals, for the purpose of both sport 

and research. 

 In research, maturity is commonly assessed using indicators of either skeletal age, 

pubertal status or somatic maturity.  Currently, the best biomarker of maturational status is 

skeletal age, measured by x-ray of the wrist and hand (Lloyed et al., 2014; Baxter-Jones et al., 
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2005).  As an individual matures their bones ossify, becoming more developed with less cartilage 

(Baxter-Jones et al., 2005). However, expense, proper equipment, and concerns over radiation 

are limitations to this measure. Pubertal status is another measure of maturational status that 

classifies maturity based on distinct stages of pubic hair and genitalia/breast development 

(Lloyed et al., 2014). This method requires invading personal privacy or relying on self-

assessment (Baxter-Jones et al., 2005).  Finally, maturational timing can be indicated by 

pinpointing the age of peak height velocity (PHV). By periodically collecting height 

measurements over time, the rate and magnitude of stature growth can be observed and the age at 

maximum growth rate, peak height velocity, can be identified (Baxter-Jones et al., 2005). This 

method relies on years of longitudinal data. The use of single anthropometric measurements in a 

prediction equation is an attractive alternative to indicate biological maturity and avoid the 

constraints of the previously mentioned indicators.  

 Age at PHV prediction equation is a non-intrusive cross sectional estimate of actual age 

at PHV. Estimated age at PHV uses an equation to predict the number of years from an 

individual’s expected PHV (Mirwald et al., 2002). The basis of this formula stems from the 

growth pattern relationship between the legs and trunk lengths. Typically, the legs reach peak 

growth first, followed by the trunk (Mirwald et al., 2002). By plugging in the variables of leg 

length, sitting height, chronological age, standing height and weight into the equation, age at 

PHV can be estimated and offer a non-invasive mean to calculate somatic maturity (Mirwald et 

al., 2002). 

 

 

 1.1.4  Maturity and performance 

 

 In research, pubertal status has commonly been used to indicate maturity.  A cross-

sectional study by Jones et al. (2000) assessed the relationship between pubertal status and 

performance in handgrip strength, vertical jump and shuttle run. Maturation was positively 

correlated with all three fitness measures. However, correlations were stronger for boys than for 

girls. Mota et al. (2002) assessed the influence of maturity on cardiorespiratory fitness of 

children aged 8 to 16 years.  Using pubertal status to indicate maturity, maximal oxygen uptake 

per unit body mass slightly increased with maturity for boys yet decreased with maturity in girls. 
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While maturity slightly accounted for the variance in maximal oxygen uptake, percent body fat 

was a more highly determining factor in performance. The decline in cardiorespiratory fitness for 

girls with increasing maturity may be attributed to the increase in body fat percentage associated 

with maturation in girls. 

 Research on the effect of maturation on performance in athletes has primarily focused on 

male athletes (Carvalho et al., 2011; Gastin et al., 2013).  Gastin et al. (2013) used both pubertal 

status and estimated age at PHV and found that more mature Australian football players 

performed better on both speed and aerobic fitness than less mature players. Carvalho et al. 

(2012) used estimated age at PHV to find that isokinetic extension and flexion of the knee 

increased with maturity in male basketball players. In addition, post-pubertal male athletes 

jumped 7.8% higher than their own pre-pubertal jump height, while their female counterparts’ 

jumps did not increase from pre to post (Quatman et al., 2006).  In physical performance, boys 

tend to benefit more from maturation than girls. However, research on girls is much less 

extensive and more research is needed to understand the effect of maturation on performance for 

female athletes.  

 While youth athletes tend to be physically stronger than the general youth population 

(Malina et al., 2011a & 2011b), regular physical activity does not influence skeletal maturation 

nor age and magnitude of PHV (Cameron, 2002; Beunen & Malina, 2007). However, different 

sports tend to be selective. Male gymnasts were found to be shorter and lighter than non-athletes,  

soccer and hockey players, while hockey players possessed higher weights and body mass 

indexes than the soccer players and gymnasts but not the non-athletes (Moore et al., 2010). 

Malina et al. (2015)’s review on maturity in youth athletes reports that after 12 years of age, the 

number of early maturing boys participating in sport increase while the number of late maturers 

declined in both team and individual sports. Malina et al. (2015) also acknowledge that girls of 

individual sports tend to be early maturers while gymnasts tend to be late maturers. There lacks 

data on girls of team sports but it can be assumed that a large body size is more of an advantage 

for many contact and non-contact sports while less of an advantage in many aesthetic type sports.  
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1.1.5  Isometric strength  
 

 A position statement from the National Strength and Conditioning Association 

recommends resistance training early in youth, suggesting benefits for cardiovascular and bone 

health (Faigenbaum et al., 2009). Maximum isometric contraction tests are increasingly 

becoming part of overall fitness assessments in youth. Handgrip is a simple measure of 

maximum isometric strength and has been well correlated with other upper body strength in 

children (r=0.70; Milliken et al., 2008) and “total body strength” in children, adolescents and 

young adults (r=0.74 - 0.89; Wind et al., 2010). Handgrip strength measurements require less 

skill and coordination than other strength tests, such as pull-ups and push-ups.  The 

measurements are less susceptible to learning and fatigue effects as well as more feasible in 

terms of equipment cost, calibration, and administration (Pate et al., 2012). Therefore handgrip 

strength offers a practical method to generally assess muscle strength in youth. 

 Reference values are average values given for a population that depict normal ranges of 

growth and development. Normal ranges are those that fall within centile limits, they can be used 

to detect impairment, establish rehabilitation goals and test efficacy of a treatment (Ferreira et 

al., 2011). Typically in youth, handgrip strength increases with chronological age (Cohen et al., 

2010; Mathiowetz et al., 1986; Wind et al., 2010; Ervin et al., 2014). There tends to be very little 

difference between boys and girls until around 10-13 years old. At this age, a steep gain in 

strength is apparent in boys and they become significantly stronger (Ervin et al., 2014; Ferreira et 

al., 2011; Cohen et al., 2010; Häger-Ross & Rösblad, 2002; Wind et al., 2010; Mathiowetz et al., 

1986). During the adolescent growth spurt, early and late maturers may experience “centile 

crossing” as their maturation timing may occur sooner or later than average (Cameron, 2002).  

While, the development of handgrip strength has been extensively reported over chronological 

age, the influence of maturation on handgrip strength of youth athletes is unclear. If handgrip 

strength is strongly influenced by maturation, perhaps the reference values based on 

chronological age my not be accurate for this population.  
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 1.1.6  Problem statement 

 

 When using reference values it is best to choose data developed by a population that most 

closely matches the client. Currently, most developed references values for strength are based on 

chronological age (Ervin et al., 2002; Cohen et al., 2010; Häger-Ross & Rösblad, 2002; Ferreira 

et al., 2011). This limits the applicability of these values considering the possible biological 

variation in youth.  Data on the influence of maturation on performance tends to be concentrated 

to the general youth population, while sports schools offer a unique population of youth involved 

in daily sport training. This study will measure youth athletes using a newer method to indicate 

somatic maturity: estimated age at peak height velocity (PHV). The intent is to add to the body 

of literature surrounding maturation in various sport types and investigate it’s influence on 

performance in youth athletes. 

 

 

 1.1.7  Aim 

  
 The aim of this study was to report the estimated age of peak height velocity (PHV) of 

youth athletes, compare age at PHV between contact, non-contact and aesthetic sport athletes,  

and to investigate the association between maturation and handgrip strength. 

 

 

 1.1.8  Research questions 
 

 The specific research questions are as follows:  

 

i)   What is the age at peak height velocity (PHV) of youth athletes? How does it differ 

between sexes? How does it differ between sport types?  

ii)   How does handgrip strength differ postPHV from those prePHV 

iii)   What is the association between maturation and handgrip strength? How does it differ 

between sexes? 



 

9 

2  Methods 

 

2.1  Participants 

 

 199 individual youth athletes were included in this study (115 boys and 84 girls) amongst 

three cohort groups. Cohort A was assessed on two occasions, Cohort B was assessed on three 

occasions and Cohort C was assessed on one occasion (Figure 1).  A total of 377 data points (225 

data points for boys and 152 data points for girls) were analyzed in this study (Table 1).  All 

participants were youth athletes of a sports specific high school, regularly practicing: basketball 

(11 boys and 6 girls), soccer (48 boys and 18 girls), floor ball (12 boys and 8 girls), ice hockey 

(14 boys and 1 girl), swimming (5 boys and 10 girls), diving (3 boys and 3 girls), athletics (9 

girls), tennis (5 boys and 5 girls), badminton (3 boys and 2 girls), squash (1 girl), gymnastics (2 

boys and 1 girl) or figure skating (5 girls). All participants participated in sport ≥7.5 hours per 

week. Previous research has compared maturation timing between sports (Moore et al., 2010) but 

due to the wide variety of sports in the present study, sports were grouped as: contact sport 

(basketball, soccer, floor ball, and ice hockey), non-contact sport (swimming, athletics, 

badminton, tennis and squash) and aesthetic sports (figure skating, gymnastics and diving). 

 

 
 Table 1. Number of participants and number of data points included in this study 

 Participants Data Points 

Boys (n) 115 225 

Girls (n) 84 152 

Total (n) 199 377 

 

 
 
2.2  Study design 

 

  This cross sectional study was part of a larger, longitudinal study: the “Malmö Youth 

Sport Study”, focused on youth enrolled in a sport high school in Malmö, Sweden. 
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Anthropometrics, and handgrip strength measurements were collected on four occasions and 

amongst three cohort groups (Figure 1). Somatic maturity was measured using the maturity 

offset equation (Mirwald et al., 2002). Somatic maturity will be expressed as “Maturity Offset”; 

the number of years pre- and postPHV.  

Figure 1. Time points of data collection and the included participants at each time point 
 
 
 
 
2.3  Procedure 
 
 
 The school year runs from the months of August to June. Measurements of height, sitting 

height, weight, and handgrip strength were taken at four time points: Spring 2014, Fall 2014, 

Spring 2015 and Fall 2015. For the purpose of this study, participants were grouped 

chronologically by school grade (Table 2), with each school grade approximately five months 

apart (7th grade in the Fall, 7th grade in the Spring, 8th grade in the Fall and 8th grade in the 

Spring).  
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Table 2.  Groups of participants based on school grade and the cohort sample included in each group. 

7th Grade Fall  
(n=124) 

7th Grade Spring 
(n=127) 

8th Grade Fall 
(n=67) 

8th Grade Spring 
(n=59) 

 
Cohort B (n=70) + Cohort 

C (n=54) 

 
Cohort A (n=60) + 
Cohort B (n=67) 

 
Cohort B (n=67) 

 
Cohort A (n=59) 

 
 
 
 
 
 2.3.1  Anthropometric measures  
 
 
 Anthropometric measurements were taken barefoot and in light clothing. Measurements 

of stature and sitting height were taken using a wall mounted stadiometer. Participants were 

asked to remove their shoes and socks. Stature was measured with the participant standing 

straight with their feet together. Heels, buttocks and shoulders positioned against the backboard 

of the stadiometer. Arms hung by their sides while looking straight ahead.  For sitting height, 

participants were seated at the base of the stadiometer with their back, shoulders and buttocks to 

the backboard. For both measurements, the horizontal bar was lowered snug to the crown of the 

head. Measurements were recorded to the nearest 0.1cm. Weight was measured on a scale and 

participants were asked to relax and look straight ahead. Weight measurement was taken to the 

nearest 0.1kg  

 Each anthropometric variable was measured twice. If the two measurements differed by 

more than 4mm for heights and 0.1kg for weight, a third measurement was taken (Mirwald et al., 

2002).  The mean of the two measurements was used for analysis unless a third measurement 

was required, then the median value was used.  

 

 

 2.3.2  Handgrip strength assessment 
 
 
 Handgrip strength was measured using a KERN MAP 80K1 handgrip dynamometer 

(KERN Sohn GmbH, Balingen, Germany). Dynamometer was set to “MAX” with 40kg 

resistance. This study followed procedures recommended by the American Society of Hand 

Therapists (Roberts et al., 2011). Participants were seated with the elbow flexed at a 90º angle 
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and forearm resting comfortably on the corner of a table (hand and wrist resting freely off the 

table).  The middle of the dynamometer was placed in the participant’s hand and they were asked 

to squeeze the handle as hard as they could. Three trials were carried out for each hand (6 trials 

in total) with the best attempt used for analysis. Handgrip strength recorded to the nearest 0.1kg. 

 

  

 2.3.3  Somatic maturity measurement  
 
 
 Age at PHV was estimated by using sex specific ‘maturity offset’ prediction equations 

developed by Mirwald et al. (2002).  

 

Boys: Maturity offset (years) = -9.236 + (0.0002708・(leg length ・ sitting height)) + 

(−0.001663・(age・leg length)) + (0.007216・(age ・sitting height)) + (0.02292・

(weight ÷ height・100))            (1) 

 

Girls: Maturity offset (years) = - 9.376 + (0.0001882・(leg length・sitting height))  + 

(0.0022 ・ (age・leg length)) + (0.005841 ・(age・sitting height)) + (- 0.002658・(age

・weight)) + (0.07693・(weight÷height ・100))       (2) 

 

Leg length was calculated by subtracting sitting height from standing height.  

 

 These equations measure somatic maturation by estimating ‘maturity offset’.  Maturity 

offset is the number of years before or after PHV is expected.  Negative values indicate the 

number of years before PHV is expected, while positive values indicate the number of years 

since PHV was estimated to have been reached. The prediction equations were validated against 

skeletal age with a reported correlation of 0.83 on a population sample of European ancestry 

(Mirwald et al., 2002). Error of estimate of the equation is  ± 0.49 and 0.50 years for boys and 

girls respectively, and has been shown to be most appropriate during the growth spurt interval of 

approximately 12 -15 years old (Mirwald et al., 2002; Malina & Koziel 2014). Furthermore, by 

subtracting maturity offset from chronological age, age at PHV could be determined.  
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2.4  Ethical and social considerations 

 

 The “Malmö Youth Sport Study” was approved by the regional ethical board in Lund, 

Dnr 2013/34, Dnr 2012/745, Dnr 2014/270. Information for participants can be found in 

Appendix C. Participants read and signed an informed consent prior to participating in the study. 

Participation in this study was completely voluntary; the participants were free to refrain from 

performing in any of the measurements if they chose to do so, and without the obligation to 

explain why.  

 Researching the influence of maturation on handgrip strength will contribute to 

understanding the applicability of current chronological age based reference values for this 

specific population.  Additionally, research in this area may contribute to improving youth sport 

classification systems, fostering to fairer youth sport environments. 

 

 
2.5  Statistical analysis 
 
 
 Statistical analyses were performed on SPSS software (IBM SPSS Statistics, Version 20) 

with significance level set at p<0.05. Boys and girls were separated for all analyses. Descriptive 

statistics were expressed as means and standard deviations (±SD). Since Cohort A and B had 

measurements taken at more than one time point the prediction equation was used to calculate 

age at PHV for the same individual at two or three time points. In this case, those with two ages 

at PHV calculated, the mean age at PHV value was used and those with three ages at PHV 

calculated, the median value was used. 

 Since the data was normally distributed, One way ANOVA was used to measure the 

difference in age at PHV between sport types. Hochberg GT2 was chosen as a post hoc test due 

to the variations in sample sizes within the different sport types (Field, 1999). 

 Further assessments were done as cross sectional grade categories (7th grade Fall, 7th 

grade Spring, 8th grade Fall and 8th grade Spring). Individual participants were only included 

once in each cross section.  Differences in handgrip strength between maturity status (prePHV 

and postPHV) and between sexes were assessed using independent samples t-test. Associations 

between maturity and handgrip strength were assessed by the Pearson moment correlation 
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coefficient (r). Associations were also expressed after controlling for body mass using a partial 

correlation. Correlation (r) was interpreted under the following conditions: <0.1 trivial, >0.1-0.3 

small, >0.3-0.5 moderate, >0.5-0.7 large, >0.7-0.9 very large and .0.9-1.0 almost perfect 

(Mendez-Villanueva et al., 2011).  

 

  

 

3  Results 

 

 A total of 199 individual participants (115 boys and 84 girls) were included in this study. 

This study is looking at the independent cross-sectional grade points: 7th grade Fall, 7th grade 

Spring, 8th grade Fall and 8th grade Spring. Many of the same participants were assessed at 

more than one time point (Figure 1) and therefore may be included in one to three cross-sectional 

grade points, totalling 377 data points (225 data points for 115 boys and 152 data points for 84 

girls).  Means and SD in handgrip strength and maturity offset at each grade point can be found 

in Appendix A. 

 

 

3.1 Description of the sample population   
 

 Description of mean ages, anthropometrics and handgrip strength are displayed in Table 

3 for all grade points. 7th grade in Fall (cohort B and C, n=124) saw no statistical significant 

difference between sexes (74 boys and 50 girls) in: height, p =0.57, weight, p = 0.09 nor 

handgrip strength, p = 0.52.  By 7th grade in Spring (cohort A and B, n=127) boys (n=76) 

became significantly taller p < 0.00 and stronger p < 0.00 than the girls yet, did not differ from 

girls (n=51) in weight, p = 0.47. 8th grade in the Fall (cohort B, n=67) boys (n=39) continued to 

be taller, p < 0.00 and stronger, p = 0.01, however did not differ from girls (n=28) in weight p = 

0.47. Finally, in 8th grade in the Spring (cohort A, n=59), boys (n=36) continued to be taller, p < 

0.00, and stronger, p < 0.00, and still did not differ from girls (n=23) in weight, p = 0.18. 
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Overall, boys did not differ from the girls in strength until 7th grade spring, when they became 

significantly stronger. Boys and girls did not differ in weight at any grade point.   

 

 
Table 3. Ages, anthropometrics and handgrip strength for boys and girls at each school grade (mean±SD). 

Boys 7th Grade  
Fall 

7th Grade 
Spring 

8th Grade 
 Fall 

8th Grade 
Spring 

n 74 75-76 39 36 

Chronological age (years) 13.3±0.3 14.0±0.2 14.3±0.3 14.9±0.3 
Maturity offset (years) -1.0±0.7✝ -0.1±0.7✝ 0.1±0.7✝ 0.8±0.7✝ 
Height (cm) 161.5±9.1 167.7±9.2✝ 168.4±9.2✝ 173.8±8.1✝ 
Weight (kg) 48.2±9.4 55.3±10.6 57.5±10.3 62.2±11.3 
Sitting height (cm) 79.6±4.5* 83.3±5.2 83.6±4.3 87.0±4.9* 
Handgrip strength (kg) 27.2±6.8 30.8±7.1✝ 32.2±6.3✝ 35.9±7.0✝ 
Body mass index (BMI) 18.4±2.1✝ 19.5±2.3✝ 20.1±2.1 21.7±2.1* 

Girls     

n 50 51 28 23 
Chronological age (years) 13.3±0.3 13.9±0.3 14.2±0.3 15.0±0.3 
Maturity offset (years) 1.2±0.5✝ 1.6±0.4✝ 1.7±0.5✝ 2.3±0.4✝ 

Height (cm) 160.9±6.9 161.8±6.8✝ 162.2±6.8✝ 164.2±6.8✝ 

Weight (kg) 51.4±8.4 54.1±7.2 54.9±7.1 59.0±7.0 

Sitting height (cm) 81.8±4.0* 82.8±3.6 82.6±3.7 84.6±2.6* 

Handgrip strength (kg) 26.6±5.3 27.3±5.2✝ 28.2±4.6✝ 29.6±6.0✝ 

Body mass index (BMI) 19.8±2.5✝ 20.6±2.2✝ 20.9±2.5 21.9±2.1* 

 
*Significant difference between boys and girls  p <0.05. ✝Significant difference between boys and girls p < 0.01 

 

 

 

3.2  Age at peak height velocity 

 

 The estimated age at PHV in this sample (n=199) was 14.2±0.6 years for boys and 

12.4±0.5 years for girls. Participants were categorized into their sport type: Contact sports (85 
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Girls Boys 

boys and 33 girls), non-contact sports (13 boys and 27 girls) and aesthetic sports (5 boys and 9 

girls) 12 boys and 15 girls were missing information on their sport and were not included in any 

category.  One-way ANOVA showed no difference in age at PHV between contact (14.2±0.6 

years), non-contact (14.0±0.7 years) and aesthetic (14.5±0.5 years) sport types for the boys p = 

0.23, while a significant difference in PHV between contact (12.3±0.4years), non-contact 

(12.3±0.5years) and aesthetic (12.7±0.4years) sport type for girls p = 0.02 was found. Hochberg 

Post hoc test revealed female aesthetic sport athletes to have a later age at PHV than both contact 

p = 0.01 and non-contact female sport athletes p = 0.04.  

 

  

3.3  Pre and post PHV 

 

 Individuals were divided into: prePHV: those who have not yet reached PHV and 

postPHV: those who had passed PHV (Figure 2).  Boys (225 data points for 115 boys) who were 

postPHV were significantly taller, p = 0.00-0.01, heaver,  p = 0.00-0.01, and stronger, p < 0.00 

than those prePHV at each school grade (Table 4). Most girls had already passed PHV at the 

onset of the study and therefore no analysis could be performed comparing prePHV to postPHV 

for the girls.  

 

 

 

 

 
Figure 2a 2b. The percentage (%) of individuals at each maturity stage: PrePHV and PostPHV at each school grade 
for boys n=225 data points for 115 boys (left) and girls n=152 data points for 84 girls (right).  
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Table 4. Ages, anthropometrics and handgrip strength for boys pre- and postPHV (mean±SD). 

Boys PHV 7th Grade  Fall 7th Grade Spring 8th Grade Fall 8th Grade Spring 

Number Pre 
Post 

66 
8 

48 
28 

20 
19 

5 
31 

Chronological age (years) Pre 
Post 

13.3±0.3 

13.6±0.1 

p < 0.00 

13.9±0.2 
14.1±0.2 
p = 0.08 

14.2±0.3 
14.4±0.2 
p = 0.02 

15.0±0.3 
14.9±0.3 

p = 0.64 
Height (cm) Pre 

Post 
159.6±7.6 
177.1±3.3 

p < 0.00 

162.2±5.3 
177.1±6.3 

p < 0.00 

162.9±6.8 
174.2±7.9 

p < 0.00 

165.8±4.5 
174.1±7.8 
p = 0.01 

Weight (kg) Pre 
Post 

45.9±6.4 
67.4±9.2 

p < 0.00 

49.1±6.1 
65.9±8.0 

p < 0.00 

51.4±6.16 
63.9±10 

p < 0.00 

49.8±3.7 
64.2±10.8 

p = 0.01 
Handgrip strength (kg) Pre 

Post 
25.9±6.0 
37.1±4.3 

p < 0.00 

27.1±5.2 
36.9±5.4 

p < 0.00 

28.4±4.5 
36.2±5.4 

p < 0.00 

28.0±5.03 
37.2±6.4 

p < 0.00 
 
 

 

3.4 Associations with handgrip strength 

 

 Associations with handgrip strength were done with all data points included in the 

analysis and at each cross sectional grade point. Associations between all maturity offset data 

points (225 data points for 115 boys and 152 data points for 84 girls) and handgrip strength 

revealed a very large to moderate positive relationship between maturation and handgrip strength 

for boys r = 0.8, p < 0.00 and girls r = 0.5, p < 0.00. However, when body mass was accounted 

for, the association between maturation and relative handgrip strength was small for boys r = 0.3 

p < 0.00 and nearly trivial for girls  r = 0.1 p =  0.16. Chronological age association with 

handgrip strength was moderate to small for boys r = 0.4 p < 0.00, and girls r = 0.3 p = 0.40. 

 Cross sectional associations between maturation and handgrip strength at each grade 

point revealed similar relationships and can be found in table 5. Overall, there was a larger 

association between maturation and handgrip strength than between chronological age and 

handgrip strength, however the association was smaller when body mass was taken into account. 
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Table 5. Correlation coefficients (r) between maturity offset and handgrip strength 
Boys 7th Grade  

Fall 
7th Grade 

Spring 
8th Grade 

 Fall 
8th Grade 

Spring 

n 74 76 39 36 

Correlation coefficient (r): 
Maturity offset and handgrip strength. 

r = 0.7 
p = 0.00  

r = 0.8 
p = 0.00 

r = 0.8 
p= 0.00 

r = 0.6 
p =0.00 

Partial correlation coefficient: 
controlling for body mass (r) 

r = 0.2 
p = 0.09 

r = 0.4 
p=0.00 

r = 0.4 
p=0.01 

r = 0.2 
p = 0.19 

Correlation coefficient (r): 
Chronological age and handgrip strength. 

r = 0.3 
p = 0.02 

r = 0.2 
p = 0.04 

r =0.2 
p = 0.16 

r = 0.2 
p = 0.35 

Girls     

n 50 51 28 23 

Correlation coefficient (r): 
Maturity offset and handgrip strength 

r = 0.6 
p = 0.00 

r = 0.5 
p = 0.00 

r = 0.5 
p = 0.01 

r = 0.4 
p = 0.05 

Partial correlation coefficient: 
controlling for body mass (r) 

r = 0.3 
p =0.03 

r = 0.1 
p = 0.35 

r = 0.2 
p = 0.38 

r = 0.1 
p = 0.80 

Correlation coefficient (r): 
Chronological age and handgrip strength. 

r = 0.2 
p = 0.15 

r = -0.1 
p = 0.63 

r = 0.4 
p = 0.05 

r = - 0.2 
p =0.31 

 
 

 
 
4  Discussion 

 

 This study reports estimated age at peak height velocity (PHV) of 7th and 8th grade 

youth athletes and provides information concerning the association between maturation and 

handgrip strength.  Age at PHV in this sample was estimated at 14.2±0.6 years for boys and 

12.4±0.5 years for girls.  Female aesthetic athletes saw a later age at PHV than the girls of 

contact and non-contact sports. Individuals who had reached PHV were stronger than the others 

within their school grade. There was a larger association between handgrip strength and 

maturation than with chronological age. The association was largely attributed to increase in 

body mass.  These findings emphasize the need for maturational based reference values for 

handgrip strength as well as consideration for individual maturity in youth sports. 
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4.1  Results discussion 
 

 4.1.1  Age at peak height velocity 

 

 In this sample of youth athletes, age at PHV was estimated to be reached at 14.2 years for 

boys and 12.4 years for girls. When this sample was separated by contact (14.2±0.6 years), non-

contact (14.0±0.7 years) and aesthetic (14.5±0.5 years) sport types, the estimated age at PHV for 

the boys, of all sport types, was slightly later than previously reported estimated age at PHV for 

basketball players (13.3-13.5 years) and previously reported actual age at PHV for soccer players 

(13.8 years) (Carvalho et al., 2011 & 2012; Philippaerts et al., 2006). In the current sample, no 

significant differences in age at PHV were seen between sport types for boys. These results are 

in contrast to a review article recognizing the selectiveness of team sport to cater to early 

maturing boys, while aesthetic sports were expected to have later maturity in both sexes (Malina 

et al., 2015) 

 The female athletes, on the other hand, saw aesthetic athletes maturing significantly later 

(12.7±0.4 years) than the other sport types. The later maturation for the female aesthetic athletes, 

and not for the male aesthetic athletes, may be because the girls were further along in maturation, 

allowing more time for the selectiveness to appear. Team sports don’t tend to be selective to 

early maturing boys until after 12 years of age and then the selectivity to early maturers 

progressively increases with age (Malina et al., 2015). At the same time, the low number of 

aesthetic sport athletes risks type II error. 

 

 

 4.1.2  Pre and post peak height velocity 
 

 Boys who were postPHV were significantly stronger than those prePHV despite being in 

the same chronological age group. This is a concern when comparing individuals to handgrip 

strength reference values. The wide spread of maturity and handgrip strength at each age group, 

in the present study, indicates that many would fall outside these chronological age based 
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reference values because of their maturity statuses. Reference values are often used in a clinical 

setting to detect impairment and for rehabilitation purposes (Ferreira et al., 2011). Therefore, the 

accuracy of this data is a must, and maturation based reference values for this age group are 

needed. 

 

 

 4.1.3  Maturation and handgrip strength 

 

 There was a very large to moderate association between maturation and handgrip strength 

for boys (r = 0.8, p < 0.00) and girls (r = 0.5 p < 0.00).  This is in line with what has been 

previously reported between pubertal status and handgrip strength (Jones et al., 2000) as well as 

with somatic maturation and isokinetic strength (Carvalho et al., 2012).  Athlete research, while 

focused predominantly on boys, has also found maturation to be strongly associated with 

anaerobic power, speed and aerobic fitness (Carvalho et al., 2011; Gastin et al., 2013). 

Maturation has shown to be more strongly associated with strength and power measures than 

with aerobic capacities (Mota et al., 2002; Jones et al., 2000) and technical skills 

(Vandendriessche et al., 2002). 

 Increasing body mass accounted for a large portion of the increase in handgrip strength. 

Similarly, body mass was previously reported to account for the increase in isokinetic strength in 

the lower extremities (Carvalho et al., 2012).  Generally, with maturation, boy’s body mass tends 

to increase as lean muscle mass while for girls it’s largely fat mass (Pearson et al., 2006). It is 

hypothesized that girls experience less relative muscle hypertrophy during puberty than boys due 

to the lower blood androgens in girls (Folland & Williams, 2007).  This may explain the larger 

association between maturation and handgrip strength for boys than for girls. Using pubertal 

status, similar pattern between boys and girls was found in high school athletes with maturation 

and vertical jump height (Quantan et al., 2006).  However, strength development tends to plateau 

two years after PHV (Carvalho et al. 2012) since the majority of the girls were further past their 

PHV than the boys, strength development may have already started to plateau, resulting in a 

lower association between maturation and handgrip strength for girls.  

 In addition, even when body mass was accounted for, maturation had a small independent 

effect on handgrip strength for boys. This indicates that for boys, it may be factors other than 
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increase in body mass, that contribute to the increase in handgrip strength. A possible 

explanation may be increase in hand size contributing to handgrip strength (Gerodimos et al., 

2013).  This independent effect of maturation, after body mass was controlled for, has also been 

previously reported among male basketball players in anaerobic power (Carvalho et al., 2011) 

and male soccer players in sprinting speed (Mendez-Villanueva et al., 2011). While increase in 

body mass plays an important role in performance, other maturational factors may also 

contribute to performance.  

 

4.2  Methods Discussion 

 

 The current study is not without limitations. The onset of the study, in the 7th grade, did 

not allow assessment of girls who were prePHV as most had already passed PHV. There’s 

currently a lack of data on the maturation of female athletes and this early maturation of girls 

should be considered in future research study designs.  

 The equation depends on single anthropometric measurements, therefore, any 

measurement error may be amplified (Mirwald et al., 2002). Concerns with the prediction 

equation were expressed following a Polish study comparing predicted age at PHV to actual age 

at PHV of 8 to 18 year olds (Malina & Koziel, 2014). The findings suggested that predicted PHV 

was overestimated at older ages and underestimated at younger ages. However, the equation 

appears to be most valid during the interval of growth spurt (approximately 12-15 years), 

corresponding to the age range assessed in the present study.  

 In addition, the prediction equation was derived from and validated against a general 

sample of youth (Mirwald et al., 2002). Malina et al. (2006) compared the predicted age at PHV 

to actual age at PHV of thirteen female gymnasts, deeming the prediction equation limited in 

accurately predicting age at PHV for girls of very short stature. However, the greatest concerns 

seemed to be more so at the younger ages (9 year olds) than at the ages nearer to PHV (Malina et 

al., 2006). The selectiveness of sport types (Malina et al., 2015, Thomas et al., 2005) brings up 

the need for further validation of the equation against sport specific athletes. 

 In the current study, 74 boys and 41 girls had anthropometrics measured and age at PHV 

calculated on two occasions one year apart.  Predicted age at PHV should be consistent  
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irrespective of aging.  Pearson correlation coefficient revealed that the two predictions correlated 

r=0.87 p<0.00 for boys and r=0.96 p<0.00 for girls. The high correlation between the two 

calculations is promising in support for the reliability of the prediction equation.  

 Finally, this study did not account for differences in training regimens between the 

different sports. While no previous data on the influence of sport specific training on handgrip 

strength between sport types could be found, several studies compared handgrip strength 

between athletes and non-athletes. 19-29 year old male athletes of basketball, handball, 

volleyball and wrestling had stronger handgrip strength than non-athletes (Fallahi & Jadidian, 

2011), however, the athletes were heavier than the non-athletes and the difference in handgrip 

strength between the two groups was not significant when body mass was controlled for. A cross 

sectional study measuring strength development in wrestlers found no difference in absolute or 

relative handgrip strength between wrestlers and their aged matched, non-athlete controls until 

after the age of 15, where the wrestler were stronger (Gerodimos et al., 2013). This suggests that 

sport specific training may not be apparent in handgrip strength until later in adolescence.  

 

 

5  Conclusion 

 

 Youth athletes were predicted to reach peak height velocity (PHV) at 14.2 years for boys 

and 12.4 years for girls. However, female aesthetic athletes tended mature later than the athletes 

of other sport types. In addition, more mature boys had stronger handgrip strength, taller height 

and heavier weight, likely contributing to performance advantage in many sports, when 

chronological age is used for grouping.  Maturation was associated with handgrip strength gain 

in male and female youth athletes. Increase in body mass is attributed to a large portion of the 

increase in strength. Most available reference values use chronological age and don’t account for 

individual variations in maturation which could lead to misclassification during adolescence, 

particularly the 7th and 8th grade. Aligning by maturity may potentially aid in equalizing 

competition in sport and provide more accurate handgrip strength reference values for youth. 

Future research is needed on maturation and performance for the female athlete population, as 

well as further validation of the prediction equation on specific sport athletes. 
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7  Appendices 
Appendix A. Means and Standard deviations in handgrip strength and maturity offset at each 
School Grade 
 

Table 4a. Boys’ handgrip strength (kg) based on maturity offset for each school grade and as total. 
Boys 7th Gr. Fall  7th Gr. 

Spring 
 8th  Grade 

Fall 
 8th Gr. 

Spring 
  Total 

Maturity 
Offset 
(years) 

N Means±
SD % N Means

±SD % N Means±
SD % N Means

±SD % N Means±
SD 

-2.50 2 22.8±4.
0 

3%          2* 22.8±4.0 

-2 4 18.6±3.
1 

5%          4* 18.6±3.1 

-1.5 18 22.6±4.
0 

24%          18 22.6±4.0 

-1 28 26.5±4.
9 

38% 19 23.7±
4.5 

25
% 

3 23.7±4.
5 

8%    50 25.2±4.8 

-0.5 11 30.4±5.
7 

15% 24 29.1±
4.5 

32
% 

9 27.2±3.
3 

23% 2 26.4±
8.2 

6% 46 28.9±4.7 

0 7 35.7±3.
4 

9% 6 30.6±
3.5 

8
% 

15 32.0±4.
7 

38% 7 30.0±
3.2 

19% 35 32.1±4.5 

0.5 2 35.2±3.
4 

3% 13 35.8±
5.8 

17
% 

5 37.2±3.
7 

13% 1
0 

34.5±
7.0 

28% 30 35.6±5.7 

1 2 42.9±.3
5 

3% 10 38.4±
2.2 

13
% 

5 38.7±4.
9 

13% 9 41.3±
6.2 

25% 26 39.8±4.5 

1.5    3 43.6±
2.0 

4
% 

2 40.5±4.
2 

6% 4 38.8±
1.8 

11% 9* 40.8±3.0 

2          4 39.7±
2.5 

11% 4* 39.7±2.5 

 
* Excluded from graph due to low sample size (n<10)  

 
 
 
 
 
 
 
 
 
 
 



 

 

 
Table 4b. Girls’ handgrip strength(kg) based on maturity offset for each school grade and as total. 

Girls 7th Gr. 
Fall 

 7th Gr. 
Spring 

 8th Gr. Fall  8th Gr. 
Spring 

  Total 

Maturity 
Offset 
(years) 

N Mea
ns±S

D 
% N Mean

s±SD % N Means
±SD % N Means

±SD % N Means±SD 

-0.5               

0 3 18.0
±3.6 

6%          3* 18.0±3.6 

0.5 6 24.4
±3.2 

12% 2 17.9
±0.7 

4% 2 20.4±
2.2 

7%    10 22.3±3.8 

1 17 25.1
±3.7 

34% 9 42.9
±0.4 

18% 3 25.6±
6.7 

11%    29 25.3±4.7 

1.5 19 28.6
±5.2 

38% 20 26.8
±3.8 

39% 8 28.4±
2.6 

29% 1 20.1 4% 48 27.6±4.4 

2 5 32.3
±2.8 

10% 19 29.6
±4.8 

37% 14 29.4±
4.4 

50% 9 28.3±
5.8 

39% 47 29.6±4.7 

2.5    1 30.1 2% 1 32.6 4% 1
0 

29.2±
4.2 

43% 12 29.6±4.0 

3          3 37.8±
5.6 

13% 3* 37.8±5.6 

 
* Excluded from graph due to low sample size (n<10)  
 
 
 
 
 
 

 

 

 

 
 

 
 
 
 
 
 
 



 

 

Appendix B. Information to participants.  
 
 

Malmö Youth Sport Study 
 

Förfrågan om deltagande 
Vi frågar dig om du vill delta i en studie av hur vilken betydelse idrottsskolor har för 
kontinuerligt och framgångsrikt idrottande. Vi frågar även dina föräldrar om deras tillåtelse och 
om att svara på en enkät. 

Bakgrund och syfte 
Allt fler skolor med inriktning mot idrott startas i Sverige. Syftet sägs ofta vara att få fram 
elitidrottsmän och att stimulera till en fysiskt aktiv livsstil. Man vet inte mycket om vilka 
faktorer hos ungdomar som kan förutsäga hur framgångsrik idrottare man skall bli. Det kan vara 
fysiska faktorer (bra kondition), psykologiska faktorer (”vinnarskalle”) eller sociala faktorer (bra 
träningsmöjligheter, föräldrar som stöttar). Flickor och pojkar kan också ha olika förutsättningar. 
Man vet även väldigt lite om vilka faktorer hos ungdomar som kan förutsäga vem som fortsätter 
att vara fysiskt aktiv i någon form i vuxen ålder. I denna studie undersöker vi vilka fysiska, 
psykologiska, sociala och könsrelaterade faktorer som påverkar hur framgångsrika ungdomar blir 
i idrottande och vad som förutsäger deras framtida fysiska aktivitet.  

Hur går studien till? 
Studien består av två delar: 

• Undersökning av en rad fysiologiska faktorer, inställning till idrott och fysisk aktivitet, 
sociala faktorer och inställning till könsskillnader vid upprepade tillfällen hos ungdomar 
vid Malmö idrottsgrundskola. 

• En jämförelse av inställning till idrott och fysisk aktivitet, sociala faktorer och inställning 
till könsskillnader vid upprepade tillfällen mellan ungdomar vid Malmö idrottsgrundskola 
och ungdomar vid andra grundskolor i Malmö. 

 
Fysiologiska faktorer: Dessa undersöks vid ett besök vid Klinisk fysiologi, Diagnostiskt 
centrum, SUS i Malmö. Följande undersökningar görs: Mätning av kroppssammansättning 
(muskelmassa, fettmassa), fysisk arbetsförmåga på testcykel, muskelstyrka, lungfunktion, 
hjärtfunktion med ultraljudsundersökning och EKG och blodtryck. Arbetsprovet på testcykel och 
styrketesterna innebär ansträngning liknande den vid träning av idrott. 
Lungfunktionsundersökningen innebär att man andas på olika sätt genom ett munstycke. Övriga 
undersökningar kräver ingen medverkan. Dessutom mäts fysisk aktivitet under en vecka med en 
mätare som bärs i ett bälte runt midjan.  



 

 

Inställning till idrott: Denna undersöks med frågeformulär som ungdomar och föräldrar får 
besvara. 

Sociala faktorer: Dessa undersöks med frågeformulär som ungdomar och föräldrar får besvara. 

Könsskillnader belyses genom att en forskare följer några ungdomar under skoltid och träning 
och passivt observerar deras aktiviteter. Dessutom kommer några ungdomar att ingå i så kallade 
fokusgrupper där man vid några tillfällen träffas för att diskutera om pojkar och flickor har olika 
inställning till idrotten och skolan. Alla individer kommer alltså inte att bli engagerade i denna 
del av studien. 

Vi kommer att be dig att genomföra tester och enkäter vid tre tillfällen med ett par års 
mellanrum. 

Vilka är riskerna? 

Alla undersökningarna används rutinmässigt i sjukvården och ingen är förenad med några risker. 
Ingen undersökning innebär blodprovstagning eller andra smärtsamma moment. 

Finns det några fördelar? 

Utöver information om arbetsförmåga och muskelstyrka innebär undersökningen inga fördelar 
för forskningspersonerna.  

Hantering av data och sekretess 

Den information vi samlar in i studien förs in i din journal och finns tillgänglig om du söker vård 
i framtiden. Vi för också in informationen i särskilda studieprotokoll. Protokollen kodas och 
kodnyckeln förvaras inlåst så att endast försöksledaren har tillgång till den. Dina svar och dina 
resultat kommer alltså att behandlas så att inte obehöriga kan ta del av dem. Ingen i skolan eller i 
din idrottsförening kommer att ha tillgång till informationen. Den kodade informationen kommer 
att föras in i en elektronisk databas för bearbetning. Information kommer bara att offentliggöras 
på gruppnivå.  

Dina personuppgifter hanteras enligt personuppgiftslagen (PUL). Personuppgiftsansvarig är 
Region Skåne. Du har rätt att ta del av de lagrade uppgifterna och korrigera det du tycker är fel. 
För ytterligare information om lagring av personuppgifter kan du vända dig till någon av 
nedanstående personer eller till personuppgiftsombudet i Region Skåne Eva Plym Forshell. 

Hur får jag information om studiens resultat? 

Du kommer att få besked om resultatet av din arbetsförmåga och din muskelstyrka. 

Försäkring 

Du är skyddad av Patientförsäkringen under studien liksom i samband med vanlig sjukvård. 



 

 

Frivillighet 

Deltagande i studien är helt frivilligt. Deltagande i delstudien om könsrelaterade faktorer 
kommer att baseras på intresse. Du kan när som helst och utan att ange särskild anledning 
avbryta ditt deltagande. All insamlad information kommer då att förstöras. 

Ansvariga 

Forskningshuvudman och personuppgiftsansvarig är Region Skåne. Personuppgiftsombud i 
Region Skåne är Eva Plym Forshell (Enhet för informationssäkerhet, Region Skåne, Dockplatsen 
26, Malmö, tel. 040-675 32 24). 

Ansvariga forskare är 



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

Kalista Lundgren




