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ABSTRACT  

The effect of the growth spurt on strength, power, speed and agility training in boys 

during mid-adolescence 

Four physical and motor fitness components are essential to excel in sport, namely muscle 

strength, speed, agility and explosive power. Size and performance differences which are 

associated with variation in biological maturation can contribute to performance differences 

during the adolescence period in boys. This period of rapid growth is also associated with a 

higher injury risk and temporary awkwardness. The aim of this study was twofold, firstly to 

determine to what extent speed and agility, and secondly strength and power are influenced by 

the growth spurt during mid-adolescence and whether negative influences of the growth spurt 

such as injuries and late development can be overcome by training during this period. 

The study formed part of two-year longitudinal research design based on a sample of 

convenience (N=68) consisting of boys in their grade 8 year with a mean age of 13.68 years ± 

SD at baseline measurements. A two-group pre-test post-test design was followed, where the 

experimental group (EG) of sport participants (n=47) was subjected to a strength, speed, power 

and agility sports training programme for the first six-months of every year and compared to a 

control group (CG) (n=39) of non-sport participants who was not exposed to any training 

programme. The experimental group and control group were also subdivided into three growth 

development groups, late developers (LD), early developers (ED) and typical developers (TD). 

Both the EG and CG underwent a fitness evaluation twice annually, representing a baseline and 

three additional time point measurements over the two-year period. This protocol consisted of 

thirteen tests including four anthropometric tests (stature, mass, sitting height and sitting height 

ratio, and fat percentage) and nine physical and motor fitness tests (10- and 40-meter speed, 

agility t-test, shuttle runs, vertical jump, horizontal jump, squats, sit-ups and seven-stage 

abdominal strength).  

The data was analysed by “Statistica for Windows” (StatSoft, 2015) and SAS 9.3 Level TS 

L1MO (2000–2010). Data was analysed descriptively while Spearman rank order correlations 

were done to determine relationships between changes in anthropometric and physical and 

motor fitness measurements. A hierarchical linear model was used to analyse the differences in 

growth and fitness among the three measuring points. Practical significance of differences was 

determined according to Cohen’s d-value 0.25 (small), 0.55 (medium), and 0.85 (large) (Cohen, 

1992). 



   ABSTRACT 

iii 

The results revealed significant increases in height and weight in all the groups during every six-

month period (p<0.05).  

Speed and agility increased nonlinearly (p<0.05) in both groups. Moderate correlations were 

found between changes in speed and agility and anthropometric measurements confirming an 

interrelationship during mid-adolescence between these variables. Both the EG and CG showed 

negative effects of growth on the development of speed and agility. Results indicated that the 

training programme had a positive effect on strength and power of TD and ED, with little or no 

effect on LD who had not reached their peak height velocity (PHV) yet. 

It is concluded from this study that the growth spurt influences the development of motor fitness 

capabilities such as speed, agility, strength and power in mid-adolescent boys at different 

stages of growth differently but that participation in a training programme can counter the 

negative effects of the growth spurt while also providing additional fitness benefits.  

Keywords: Strength, power, speed, agility, motor fitness, growth spurt, mid-dolescence, 

boys
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OPSOMMING 

Die effek van die groeiversnellingsfase op krag, eksplosiewe krag, spoed en ratsheid by 

seuns gedurende mid-adolosensie  

Vier sleutelkomponente, naamlik spierkrag, eksplosiewe krag, spoed en ratsheid is belangrik as 

atlete in sport wil presteer. Liggaamsgrootte en prestasieverskille wat met variasie in biologiese 

volwassenheid geassosieer word, kan bydra tot prestasieverskille gedurende die 

adolessensietydperk by seuns. Hierdie tydperk van vinnige groei word ook geassosieer met 'n 

hoër beseringsrisiko en tydelike lompheid. Die doelwitte van hierdie studie was tweeledig van 

aard: om eerstens te bepaal tot watter mate spoed en ratsheid en tweedens krag en 

eksplosiewe krag beïnvloed word deur groei gedurende die middel-adolessensie-periode en of 

negatiewe invloede as gevolg van die groeiversnelling soos beserings en laat ontwikkeling 

oorkom kan word deur inoefening van hierdie vermoëns gedurende hierdie tydperk. 

Die longitudinale navorsingsontwerp van twee jaar is gebaseer op 'n gerieflikheidssteekproef 

(N=86) van seuns in hulle graad 8 skooljaar met ‘n gemiddelde ouderdom van 13.68 ±0.26SA 

jaar tydens die basislyntoetsings. ‘n Twee-groep voor-toets-na-toetsontwerp is gebruik, waar die 

Eksperimentele Groep (EG) wat aan sport deelneem (n=47), aan ‘n krag-, eksplosiewe krag-, 

spoed- en ratsheids-sportoefenprogram onderwerp is vir ses maande van elke jaar, terwyl die 

Kontrolegroep (KG) (n=3), wat nie aan sport deelneem nie, nie aan enige oefenprogram in die 

tydperk blootgestel was nie. Beide die EG en KG is verder verdeel in drie groei-ontwikkelings-

groepe, naamlik: laatontwikkelaars (LO), vroeë ontwikkelaars (VO) en tipiese ontwikkelaars 

(TO). 

Beide die EG en die KG het tweejaarliks 'n fiksheidsevaluering ondergaan, wat 'n basislyn en 

drie addisionele opvolgtydpuntmetings oor die twee jaar tydperk verteenwoordig. Die 

toetsprotokol het uit 13 toetse bestaan wat vier vir antropometriese toetse (lengte, massa, 

sithoogte, sithoogte verhouding en vetpersentasie) en nege fisieke en motoriese fiksheids 

toetse (10 en 40 meter spoed, T-toets, ratsheidswisselloop, vertikale sprong, horisontale 

sprong, hurk oefeninge, opsitte en sewevlak-maagspierkrag). 

Die data is geanaliseer deur "Statistica for Windows" (StatSoft, 2015) en SAS 9.3 Level TS 

L1MO (2000-2010). Data is beskrywend ontleed, terwyl Spearman se korrelasie-Koëffisiënte 

uitgevoer is om verbande tussen veranderinge in antropometriese en fisieke en motoriese 

fiksheidsmetings te bepaal. 'n Hiërargiese lineêre model is gebruik om die verskille in groei en 

fiksheid tussen die drie meetpunte te analiseer. Praktiese betekenisvolheid van verskille is 

bepaal volgens Cohen se d-waarde 0.25 (klein), 0.55 (medium) en 0.85 (groot) (Cohen, 1992). 
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Die resultate het gedurende elke ses maande periode (p <0.05) beduidende toenames in lengte 

en gewig in alle groepe getoon. 

Spoed en ratsheid het in beide groepe nie-lineêr toegeneem (p <0.05). Matige korrelasies is 

gevind tussen veranderinge in spoed en ratsheid en antropometriese metings wat 'n 

interverwantskap gedurende die middel-adolessensie tydperk tussen hierdie veranderlikes 

bevestig. Beide die EG en KG het ‘n  

negatiewe uitwerking van groei op die ontwikkeling van spoed en ratsheid getoon. Die resultate 

het wel aangedui dat die oefenprogram 'n positiewe effek gehad het op eksplosiewe krag en 

krag van TO en VO, met min of geen effek op LO wat nog nie hul piek groei versnelling bereik 

het nie. 

Uit hierdie studie se bevindinge word afgelei dat die groeiversnellingsfase die ontwikkeling van 

motoriese fiksheid soos spoed, ratsheid, krag en eksplosiewe krag in mid-adolessente seuns in 

verskillende stadiums van groei verskillend beïnvloed, maar dat deelname aan 'n oefenprogram 

die negatiewe gevolge van hoë toenames van groei kan teenwerk, terwyl dit ook addisionele 

fiksheidsvoordele bied. 

Sleutelwoorde: Krag, eksplosiewe krag, spoed, ratsheid, motoriese fiksheid, groei 

versnelling, mid-adolessensie, seuns  



   TABLE OF CONTENT 

i 

TABLE OF CONTENTS 

ACKNOWLEDGEMENTS .......................................................................................................... I 

PREFACE .................................................................................................................................. I 

ABSTRACT .............................................................................................................................. II 

OPSOMMING .......................................................................................................................... IV 

CHAPTER 1 INTRODUCTION .................................................................................................. 1 

1.1 INTRODUCTION ................................................................................................ 1 

1.2 PROBLEM STATEMENT ................................................................................... 3 

1.3 OBJECTIVES ..................................................................................................... 7 

1.4 HYPOTHESES ................................................................................................... 7 

1.5 STRUCTURE OF DISSERTATION .................................................................... 7 

1.6 REFERENCES ................................................................................................... 9 

CHAPTER 2  LITERATURE REVIEW: THE EFFECT OF GROWTH ON THE 

DEVELOPMENT AND TRAINABILITY OF MOTOR AND PHYSICAL FITNESS 

CAPABILITIES OF MID-ADOLESCENT BOYS ...................................................................... 14 

2.1 INTRODUCTION .............................................................................................. 14 

2.2 READINESS FOR SPORTS PERFORMANCE IN BOYS AT TWELVE TO 

FIFTEEN YEARS ............................................................................................. 15 

2.3 CHARACTERISTICS OF THE DEVELOPING BOY AGED TWELVE- TO 

FIFTEEN YEARS ............................................................................................. 17 

2.3.1 Adolescence ..................................................................................................... 17 

2.3.2 Puberty ............................................................................................................. 18 

2.3.3 Growth .............................................................................................................. 20 



   TABLE OF CONTENT 

ii 

2.4 DEVELOPMENTAL TRENDS OF ANTHROPOMETRIC 

CHARACTERISTICS AND THEIR INTERRELATIONSHIP WITH MOTOR 

FITNESS .......................................................................................................... 22 

2.4.1 Height ............................................................................................................... 23 

2.4.2 Weight .............................................................................................................. 25 

2.5 DEVELOPMENTAL TRENDS OF MOTOR AND PHYSICAL FITNESS 

CAPABILITIES IN THE ADOLESCENT BOY .................................................. 25 

2.5.1 Speed ............................................................................................................... 26 

2.5.1 Agility ................................................................................................................ 28 

2.5.2 Strength ............................................................................................................ 28 

2.5.3 Power ............................................................................................................... 30 

2.6 TRAINABILITY OF MOTOR FITNESS CAPABILITIES IN MID-

ADOLESCENT BOYS ...................................................................................... 31 

2.6.1 Strength training ............................................................................................... 32 

2.6.2 Power training................................................................................................... 33 

2.6.3 Speed training .................................................................................................. 34 

2.6.4 Agility training ................................................................................................... 35 

2.7 TRAINING AND ITS POTENTIAL EFFECTS ON GROWTH DURING MID-

ADOLESCENCE .............................................................................................. 35 

2.8 INJURIES AND RISKS DURING ADOLESCENCE FOR BOYS 

COMPETING IN SPORT AND IN TRAINING PROGRAMMES ........................ 37 

2.9 SUMMARY ....................................................................................................... 39 

2.10 REFERENCES ................................................................................................. 40 

CHAPTER 3 ROLE OF THE GROWTH SPURT IN SPEED AND AGILITY TRAINING OF 

13 TO 15 YEAR OLD MID-ADOLESCENT BOYS .................................................................. 52 



   TABLE OF CONTENT 

iii 

3.1 ABSTRACT ...................................................................................................... 54 

3.2 INTRODUCTION .............................................................................................. 55 

3.3 METHODS ....................................................................................................... 57 

3.3.1 Research group ................................................................................................ 57 

3.3.2 Research procedure ......................................................................................... 58 

3.4 MEASUREMENTS ........................................................................................... 59 

3.4.1 Anthropometric measurements ......................................................................... 59 

3.4.2 Motor fitness measurements ............................................................................. 60 

3.4.3 Sports participation frequency .......................................................................... 61 

3.4.4 Training protocol and implementation ............................................................... 61 

3.4.5 Statistical analysis ............................................................................................ 62 

3.5 RESULTS ......................................................................................................... 62 

3.6 DISCUSSION ................................................................................................... 69 

3.7 SUMMARY ....................................................................................................... 73 

3.8 ACKNOWLEDGMENTS ................................................................................... 74 

3.9 AUTHOR CONTRIBUTIONS ............................................................................ 75 

3.10 REFERENCES ................................................................................................. 76 

CHAPTER 4 THE EFFECT OF THE GROWTH SPURT ON STRENGTH AND POWER 

DEVELOPMENT DURING MID-ADOLESCENCE IN BOYS ................................................... 82 

4.1 ABSTRACT ...................................................................................................... 84 

4.2 INTRODUCTION .............................................................................................. 85 

4.3 METHODS ....................................................................................................... 86 

4.3.1 Experimental approach to the problem ............................................................. 86 



   TABLE OF CONTENT 

iv 

4.3.2 Subjects............................................................................................................ 87 

4.3.3 Procedures ....................................................................................................... 88 

4.3.4 Training protocol ............................................................................................... 90 

4.3.5 Statistical analyses ........................................................................................... 91 

4.4 RESULTS ......................................................................................................... 91 

4.5 DISCUSSION ................................................................................................... 99 

4.6 PRACTICAL APPLICATIONS ....................................................................... 102 

4.7 ACKNOWLEDGEMENTS .............................................................................. 102 

4.8 REFERENCES ............................................................................................... 104 

CHAPTER 5 SUMMARY, CONCLUSION, SHORTCOMINGS AND 

RECOMMENDATIONS ......................................................................................................... 109 

5.1 SUMMARY ..................................................................................................... 109 

5.2 CONCLUSIONS ............................................................................................. 113 

5.2.1 Hypothesis 1 ................................................................................................... 113 

5.2.2 Hypothesis 2 ................................................................................................... 116 

5.3 RECOMMENDATIONS .................................................................................. 118 

5.4 SHORTCOMINGS AND FUTURE RESEARCH RECOMMENDATIONS ....... 120 

APPENDIX A:  AUTHOR GUIDELINES: AMERICAN JOURNAL OF HUMAN 

BIOLOGY  ................................................................................................................... 122 

APPENDIX B: AUTHOR GUIDELINES: JOURNAL OF STRENGTH AND 

CONDITIONING RESEARCH ............................................................................................... 130 

APPENDIX C:  INFORMED CONSENT.............................................................................. 139 

APPENDIX D: HEALTH SCREENING QUESTIONAIRE ................................................... 153 

APPENDIX E: PROTOCOLS OF DIFFERENT TESTS AS PRESCRIBED BY THE 

VARIOUS INSTITUTIONS .................................................................................................... 157 

file:///C:/Users/12098795/Desktop/New%20folder/VERHANDELING%20-%20(2).docx%23_Toc508880474


   TABLE OF CONTENT 

v 

APPENDIX F: DATASHEET AND ANNUAL REPORT ...................................................... 162 

APPENDIX G: TRAINING PROTOCOL ............................................................................. 165 

APPENDIX H:  LETTERS FROM EDITORS ...................................................................... 169 

APPENDIX I: PROOF OF TRANSLATION PROCESS ...................................................... 171 

APPENDIX J: TURN IT IN REPORT .................................................................................. 172 

APPENDIX K: ETHICAL CLREARANCE LETTER ............................................................ 174 

  



   LIST OF TABLES 

vi 

LIST OF TABLES  

CHAPTER 3 

Table 1:  DESCRIPTIVE INFORMATION FOR THE GROUP OVER TWO-YEARS .... 63 

Table 2: CORRELATIONS BETWEEN CHANGES IN BODY COMPOSITION 

CHARACTERISTICS AND CHANGES IN SPEED ....................................... 64 

Table 3:  CORRELATIONS BETWEEN CHANGES IN BODY COMPOSITION 

CHARACTERISTICS AND CHANGES IN AGILITY ..................................... 65 

Table 4: DESCRIPTIVE CHARACTERISTICS AND SIGNIFICANCE OF 

CHANGES IN FOLLOW-UP ANTHROPOMETRIC MEASURES OF THE 

EXPERIMENTAL (EG) AND CONTROL GROUP (CG) ................................ 67 

Table 5: DESCRIPTIVE CHARACTERISTICS AND SIGNIFICANCE OF 

CHANGES IN FOLLOW-UP MOTOR FITNESS MEASURES (SPEED 

AND AGILITY) OF THE EXPERIMENTAL GROUP (EG) AND 

CONTROL GROUP (CG) ............................................................................. 68 

CHAPTER 4 

Table 1: DESCRIPTIVE INFORMATION FOR THE GROUP OVER TWO-YEARS .... 93 

Table 2: CORRELATIONS BETWEEN CHANGES IN ANTHROPOMETRIC 

CHARACTERISTICS AND STRENGTH ...................................................... 94 

Table 3:  CORRELATIONS BETWEEN CHANGES IN ANTHROPOMETRIC 

CHARACTERISTICS AND POWER ............................................................ 95 

Table 4:  DESCRIPTIVE CHARACTERISTICS AND SIGNIFICANT 

DIFFERENCES BETWEEN FOLLOW-UP ANTHROPOMETRIC 

MEASUREMENTS OF BOTH GROUPS (EG) (CG), ALSO DIVIDED 

INTO SUBGROUPS ..................................................................................... 97 

Table 5:  DESCRIPTIVE CHARACTERISTICS AND SIGNIFICANCE OF 

DIFFERENCES BETWEEN FOLLOW-UP FITNESS MEASUREMENTS 

(STRENGTH & POWER) OF BOTH GROUPS (EG) (CG), ALSO 

DIVIDED INTO SUBGROUPS ..................................................................... 98 



  LIST OF FIGURES 

vii 

LIST OF FIGURES 

CHAPTER 2 

Figure 2.1: Windows of accelerated adaptation to training ............................................. 32 

CHAPTER 3 

Figure 1: Agility T-Test ................................................................................................ 60 

 

 



  LIST OF ABBREVIATIONS 

i 

LIST OF ABBREVIATIONS 

EG  Experimental Group 

CG  Control Group 

LD  Late Developers 

ED  Early Developers 

TD  Typical Developers 

PHV  Peak Height Velocity 

LTAD  Long-Term Athlete Development 

T1  Test one 

T2  Test two 

T3  Test three 

T4  Test four



   CHAPTER 1 

1 

CHAPTER 1 

INTRODUCTION 

1.1 INTRODUCTION 
1.2 PROBLEM STATEMENT 
1.3 OBJECTIVES 
1.4  HYPOTHESES 
1.5 STRUCTURE OF DISSERTATION 
1.6  REFERENCES 
 

1.1 INTRODUCTION 

Various researchers worldwide have studied the development of physical and motor fitness 

capabilities among adolescent boys (Armstrong et al., 2011:25; Malina et al., 2004a,b:555; 

Milojevic & Stankovic, 2010:110; Pantsiotou, 2007:149; Viru et al., 1999:93), the 

interrelationships among these variables (Behringer et al., 2011:196; Malina et al., 2007:292; 

Melanese et al., 2010:270) and the trainability of motor capabilities like speed, agility, strength 

and power (Santos & Janeira, 2008:903; Takai et al., 2013:60; Wong et al., 2010:644). Similar 

studies have also been conducted in South Africa from as early as 1945 (Botha et al., 1945:382; 

Sloan, 1966:691), although results from these studies are mostly outdated because these 

studies took place a long time ago (Henneberg & Louw, 1998:75; Richter et al., 2007:506). 

According to a more recent South African study by Gerber et al. (2014:624) motor and physical 

fitness improves significantly from 13- to 15-years in boys, showing definite interrelationships 

with anthropometric growth during the mid-adolescent period.   

The mid-adolescent period is associated with major growth changes known as the growth spurt, 

which also include peak height velocity (PHV) and the development of mature gender 

characteristics (puberty) over a short period of time. This period is known as the transitional 

phase from childhood to adulthood due to various physical and physiological changes occurring 

during this phase (Dahl, 2004:12). In this regard, literature indicates that the major changes in 

size, physical body composition and motor skills occur among boys between the ages of 9 and 

16 years old (Malina et al., 2004a:710) due to increases in hormonal secretion. 

Pienaar (2010:401) states that all growth (structural and physiological changes during the 

process of development to adulthood) and maturing processes (changes occurring in form and 

complexity of body organs and determined by genetics) that adolescents undergo during 

puberty has an influence on their body composition and physical fitness. These changes could 

have an impact on the execution of motor skills (Armstrong et al., 2011:25; Cameron, 2014:5; 
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Pienaar, 2010:420; Viru et al., 1999:95). Researchers report in this regard that motor and 

physical fitness development, including aerobic and anaerobic endurance, speed and 

coordination, strength and explosive power, are influenced in various ways during the 

adolescent period by the growth spurt (Bompa 2000:1; Gerber et al., 2014:623; Milojevic & 

Stankovic, 2010:109; Viru et al., 1999:90). Sports participation is positively associated with the 

development of these motor and physical fitness changes during the adolescent period 

(Bergeron 2007:30; Gerber et al., 2014:61). Due to anthropometric changes and the reaching of 

PHV, muscle mass increase and maturation of the nervous system (Faigenbaum, 2000:172; 

Jenkins, 2005:336), the mid-adolescent phase poses the opportunity to develop these motor 

and physical fitness capabilities (Balyi et al., 2013:81). 

Consequences of rapid growth during the mid-adolescent period include muscle imbalances, 

problems with postural control and poor core and muscle control due to odd body proportions 

and height to weight ratios which will influence balance and coordination (Anthanasios & 

Hackfort, 2014:6; Bompa 2000:71; Pienaar, 2010:420). Clark and Metcalfe (2002:185) describe 

an unstable growth period during early childhood, referred to as the compensation period which 

represents that period in the motor development journey when the child must compensate for 

rapid biological changes. The growth spurt during the early adolescent years in boys, aged 

between 12- and 14-years, is another period of such rapid growth (Anthanasios & Hackfort, 

2014:6).  

Bodily changes during this period will result in adolescents being less skilful than they were 

before, perhaps returning to a lower period of skill for the period of time (Anthanasios & 

Hackfort, 2014:6; Clark & Metcalfe, 2002:185). Jenkins (2005:336) refer to this phenomenon as 

adolescent awkwardness, and described it as a period of time during the growth spurt that is 

associated with PHV that is accompanied by a temporary disruption in motor performance found 

primarily in boys aged 13- to 14-years. Muscular imbalances, poor core muscle control and 

temporary loss of coordination due to differential rates of growth in different body segments that 

contribute to variation in body proportions are indicated as possible reasons (Balyi et al., 

2013:71; Cameron, 2014:9; Faigenbaum et al., 2009:66; Freitas et al., 2016:3; Malina, 

2014:160). In this regard Gerber et al. (2014:621) studied 73 boys aged 13- to 16-years and 

reported an increase of 13.87cm in height over a two-year period, with an exponential increase 

of 8.07cm between 13.58- and 14.58-years of age. The same pattern was noted in mass and 

sitting height, where mass increased by 8.73kg and sitting height by 8.38cm between 13 and 14 

years of age. Beunen et al. (1981:321) report that stature and body mass accounted for a 

maximum of 17% of variance in motor fitness in boys aged 13- to 16-years, in addition to Freitas 

et al.’s (2016:3) report that boys aged 12- to 14-years can experience a small but noticeable 
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variance of 8.1% in motor coordination as skeletal maturity status changes during the 

adolescent years.  When the physical features of the body change in such drastic leaps, the 

Central Nervous System (CNS) has to make big adaptations to accommodate such changes 

and adapt to the new segmental forces which in return will impact on the execution of motor 

skills (Clark & Metcalfe, 2002:178). Changes in body proportions during this period could 

furthermore contribute to awkwardness in motor skill execution (Pienaar, 2010:420). Micheli and 

Konstantinos (2013:513) add that the consequences of muscle imbalances are threefold and 

that all these can lead to overuse injuries. Examples are stresses to underlying tissues such as 

the iliotibial band (ITB) and misalignment of anatomical parts that can cause patellofemoral 

pain, or which can interfere with proper foot strike (Micheli & Konstantinos 2013:514). 

Knowledge of these risk factors can contribute to better management of risk factors in young 

athletes during the early training years (Micheli & Konstantinos 2013:505).  

In 2005 Balyi and Way developed a seven-stage model called the long-term athlete 

development (LTAD) model that was developed to be a practical pathway incorporating 

empirical coaching observations and experiences, coaching science, human growth, 

development and maturation principles (Balyi et al., 2013:7). This model has been developed to 

the demands of growth on the development of athletic abilities such as strength, speed and 

agility in growing children (Balyi & Way, 2005:8). Males aged 12- to 16-years are categorised as 

being in the early- to mid-adolescent phase which falls within the "Train to Train" stage of the 

LTAD (Spano, 2004:2; Stang & Story, 2005:5). The outcome set to be achieved during the Train 

to Train stage of this development model is to make adolescents in this age group practice-

ready with respect to the demands that will be exerted upon them in a competitive sport (Balyi & 

Way, 2005:8). This stage holds the window for accelerated adaptation to strength training which 

starts 12- to 18-months after PHV in boys (Balyi & Way, 2005:8; Beunen & Thomis, 2000:190). 

While anaerobic training should be prioritized after the onset of PHV, it is also clear from this 

model that the emphasis should fall on training (60%) and to a lesser degree on competition 

(40%). To accommodate the changes and awkwardness of body proportions and muscle 

imbalances and make most of the window of development that is available during this period, it 

would be best to subject boys 13- to 15-years to conditioning programmes that will improve 

abilities such as strength, power, speed and agility in order to improve the sporting abilities that 

they will need in later stages like the "Training to Win stage" (Balyi & Way, 2005:8). 

1.2 PROBLEM STATEMENT 

A number of motor and fitness performance tasks show well-defined adolescent spurts in boys 

that should be noted when training or conditioning programmes are planned during the mid-

adolescent period (Beunen & Malina, 1988:523). Static strength (grip strength, arm pull), power 
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(vertical jump), and functional strength (flexed arm hang) show peak gains, on average, after 

PHV (Philippaerts et al., 2006:224), while measures of speed and agility (shuttle run), speed of 

arm movement (plate tapping), and lower back flexibility (sit and reach) show peak gains before 

PHV (Beunen & Malina, 1988:523; Malina et al., 2004b:555; Philippaerts et al., 2006:224). The 

trends for measures of strength and power are similar in timing to those for body mass and 

muscle mass, both of which experience maximum growth after PHV. The earlier adolescent 

spurts for running speed and lower back flexibility may be related to growth of the lower 

extremities that happens before PHV (Malina 2000:437; Philippaerts et al., 2006:227). Height is 

composed of the legs, trunk, neck and head, while the legs experience maximum growth first. 

Boys, thus have relatively longer legs for their heights early in the adolescent spurt, which may 

influence running speed and lower trunk flexibility (Sheppard & Young, 2006:922). In this regard 

Gerber et al. (2014:622) reported that speed over 40m improved significantly between the ages 

of 13.58 - 14.58 years (d>0.8) and similar to speed, agility also showed a statistical (p<0.05) 

and large practical significant (d>0.8) improvement of 1.01 sec in the same period (Gr 8–9, age 

13- to 14-years). Explosive leg power (as measured by the vertical jump) also showed a 

significant mean improvement of 3.17cm (p<0.05, d>0.5) between 13- and 14-years of age. 

Findings from Spencer et al. (2011:494) confirms the results of Gerber et al. (2014:622) 

regarding the development of speed while Phillippaerts et al.’s (2006:227) findings on explosive 

leg power are also in agreement with the findings of Gerber et al. (2014:622). 

It has been shown that strength training is effective in children and adolescents as indicated by 

a number of review papers and position statements (Behm et al., 2008:552; Blimkie, 1992:268; 

Faigenbaum, 2000:601; Malina, 2006:484; Wong et al., 2010:644). A recent position statement 

paper from the National Strength and Conditioning Association (Faigenbaum et al., 2009:66) 

documented that children and adolescents can gain real benefits from participating in well-

designed and carefully supervised programmes, using strength training modalities such as 

resistance training, plyometric and complex training. Strength training in children and 

adolescents however does hold a certain risk for injuries, due to reasons such as muscle 

imbalances, strong tendons inserted into growing bones with a low bone density, rapid growth 

that causes the bone to be too long for the more strongly trained muscle that might lead to 

avulsion fractures, open growth plates and poor core muscle control due to odd body 

proportions (Bompa 2000:71; Faigenbaum et al., 2009:66). Despite the potential injury risk 

present in any supervised youth strength training, one broad review study has clearly specified 

that experimental training protocols with weights and resistance machines are safe and do not 

negatively impact on the growth and maturation of youngsters (Malina, 2006:485). Strength 

training broadly refers to a component of physical fitness conditioning by overloading the 

skeletal muscles through different training modalities, encompassing different types of 
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resistances and muscle actions, which in turn can be used in isolation or in combination (Fleck 

& Kraemer, 2004:1). Several researchers have reported significant increases in the vertical 

jump (Channell & Barfield, 2008:1525; Faigenbaum et al., 2007:521; Wong et al., 2010:649) 

and long jump distances (Faigenbaum et al., 2007:521) when adolescent boys, aged 12- to 15-

years followed resistance training programmes for six weeks or longer. Literature further 

demonstrated that resistance training programmes significantly increased running speed and 

agility in adolescent boys (Christou et al., 2006:788; Faigenbaum et al., 2007:522; Wong et al., 

2010:650). Vertical jump improvements were also reported from all types of strength training 

programmes (Takai et al., 2013:60; Santos & Janeira, 2008:904; Wong et al., 2010:649). 

Christou et al. (2006:786) explained that the increases in the maximal muscle force, as a result 

of strength training, also improves muscular power, despite the absence of specific jumping 

exercises.  

Behringer et al. (2011:196) reported in their meta-analysis study of which 1019 subjects were 

boys with a mean age of 13.2 years, that both, functional (e.g. changes in motor unit 

coordination) and structural adaptations (e.g. muscular hypertrophy) might explain the observed 

changes in motor performance. However, these researchers found higher gains in children 

compared with adolescent subjects. Since there is little evidence of hypertrophy in children, 

improvements are considered to be more related to neural adaptations than to hypertrophic 

factors (Cameron, 2014:5; Malina et al., 2004a:320; Delecluse et al., 1995:1205). These neural 

adaptations include changes in motor unit coordination, firing and recruitment factors that are 

known to be essential for movement optimization (i.e. eliminating unnecessary and 

counterproductive muscle movements). Based on the fact that children perform better at 

strength tasks because of neural adaptation, and the fact that there is a bigger impact on the 

CNS of adolescents because of the growth spurt causing bodily imbalance, one could argue 

that the growth spurt might put a hold on the development of certain motor skills at times during 

mid-adolescence. This opinion as confirmed by studies of Gerber et al. (2014:623), Spencer et 

al. (2011:491) and Phillippaerts et al. (2006:229) in which they found that strength showed gains 

after PHV and measures of speed and agility showed gains before PHV. 

The literature study revealed a lack of research on the impact of the growth spurt on fitness 

improvement during the mid-adolescent period within a training programme for speed, strength, 

explosive power and agility conditioning. Several researchers have completed studies on the 

interrelationships between anthropometric and fitness changes during mid-adolescence 

(Behringer et al., 2011:186; Gerber et al., 2014:617; Malina et al., 2007:291; Melanese et al., 

2010:267; Pienaar, 2010:72). These studies however, did not subject the participants to sports 

conditioning programmes, or report on any effect in this regard. Spencer et al. (2011:497) 
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studied 119 boys across the age range of 11- to 18-years and the correlation of different 

sporting capabilities with one another. The shortcomings of the study were in the absence of a 

control group and the boys were not subjected to a special training programme, but only 

focused on evaluating the changes that took place in motor and fitness performance. The boys 

who were studied by Gerber et al. (2014:619) were in the mid-adolescent period and from one 

school in the North West Province in South Africa which limits the generalizability of the results 

and the study. There is also no specific age linked to the performance measurements in the 

meta-analysis study by Behringer et al. (2011:189) who studied children between the ages of 8- 

and 18-years. They also did not take maturational age into consideration in the interpretation of 

their results.  

Studies on the effect of strength training for children and adolescents were also reported by 

researchers worldwide (Christou et al., 2006:790; Faigehbaum, 2000:617; Ingle, 2006:992; 

Philippaerts et al., 2006:229), but also have shortcomings. Although the study of Ingle 

(2006:992) included a control group, the boys were still in their pre-adolescent phase, aged 11- 

to 12-years, and the effect of growth on motor skill development of the boys was not 

determined. The study done by Christou (2006:786) also had some shortcomings, where the 

number of boys in the experimental group (nine participants) was small, and the boys were 

selected from only one soccer club. The duration and frequency of the strength conditioning 

programme were furthermore too low and the researchers did not study the effect of growth on 

the outcome of the programme. Wong et al., (2010:645) studied the outcome of a 12 week 

strength training programme on u/14 soccer players of one club, but the maturational stage of 

the players was not taken into consideration in the findings.   

With these limitations in the literature, a short coming was found regarding the role that the 

growth spurt plays in the effect of physical and motor fitness training on the improvement of 

speed, agility, strength and power during this developmental period in boys. The research 

questions that therefore need to be answered are firstly, whether the growth spurt will have a 

significant effect on the training of speed and agility in mid-adolescent boys aged 13- to 15-

years in Nelspruit, and secondly whether the growth spurt will have a significant effect on 

strength and explosive power training during the mid-adolescent phase of boys aged 13- to 15- 

years in Nelspruit. Answering these questions will help Sports Scientists, Biokineticists and 

sports coaches to understand how changes in body composition and stature due to the growth 

spurt will affect speed, agility, strength and power training of the mid-adolescent boy.  

It will also help experts to plan and compose proper programmes for the preparation of 

adolescent boys for sports participation at higher levels. Adolescents will also benefit from this 
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knowledge as well-structured conditioning programmes can be compiled by experts to improve 

their speed, agility, strength, and power in preparation for sports performance later in their lives. 

1.3 OBJECTIVES 

The objectives of this study are:   

(1) to determine the role of the growth spurt in speed and agility training of 13- to 15-year old 

mid-adolescent boys in Nelspruit and 

(2) to determine the effect of the growth spurt on strength and power development during 

mid-adolescence in boys from Nelspruit. 

1.4 HYPOTHESES 

This study is based on the following hypotheses: 

(1) Participating in a speed and agility training programme can significantly counter the 

possible negative effects of growth during mid-adolescence of boys aged 13- to 15-years.  

(2) A strength and power training programme will counter the possible negative effects of the 

growth spurt on fitness capabilities of mid-adolescent boys, aged 13-15 years.  

1.5 STRUCTURE OF DISSERTATION 

The dissertation is submitted in article format and is structured as follows: 

Chapter 1: Introduction. A bibliography is provided at the end of the chapter in an adapted 

NWU Harvard Style in accordance with the guidelines as set for dissertations and 

theses at the North-West University. 

Chapter 2:  Literature review: The effect of growth on the development and trainability of 

motor and fitness performance components in mid-adolescent boys. A 

bibliography is provided at the end of the chapter in an adapted NWU Harvard 

Style in accordance with the guidelines as set for dissertations and theses at the 

North-West University. 

Chapter 3:  Article 1 - The role of the growth spurt on speed and agility training of 13- to 15-

year old mid-adolescent boys. The technical references and presentation of the 

article are prepared according to the guidelines of the American Journal of 

Human Biology (see Appendix A). Some small changes have been made in the 
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dissertation for technical purposes. For example, the tables and figures are 

placed in the text of the dissertation for better readability and to conform to the 

other technical aspects of the dissertation. Line spacing was changed to 1.5. 

Chapter 4:  Article 2 – The effect of the growth spurt on strength and power training during 

mid-adolescence in boys. The technical references and presentation of the article 

are prepared according to the guidelines of the Journal of Strength and 

Conditioning research (see Appendix B). Some changes have been made in the 

dissertation for technical purposes. For example, the tables and figures are 

placed in the text of the dissertation for better readability and to conform to the 

other technical aspects of the dissertation. Line spacing was changed to 1.5. 

Chapter 5: Summary, conclusions, shortcomings and recommendations. 
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CHAPTER 2  
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FITNESS CAPABILITIES OF MID-ADOLESCENT BOYS 
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2.9  SUMMARY 
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The purpose of this study is to analyse the growth changes in physical (muscle strength) and 

motor fitness (speed, agility and explosive power) of boys during mid-adolescence and to 

determine the effect of the growth spurt on training of these physical and motor fitness 

components during this period. With this literature review the current knowledge and results on 

growth, physical and motor fitness and training of these capabilities in boys during mid-

adolescence will therefore be the main focus of the chapter. 

2.1 INTRODUCTION 

With increasing age, progress through puberty and the growth spurt in males, samples of 

athletes in several sport codes include proportionally more players who are advanced (early) in 

biological maturation and proportionally fewer players who are delayed (late) in maturation 

(Malina et al., 2004:351). Variations in size and performance associated with inter individual 

differences in biological maturation are especially important for sports performance during the 

transition into and during male adolescence (Malina et al., 2004:351; Malina & Geithner, 

2011:267). However, this period of rapid growth is also associated with a higher risk of injuries 

and temporary awkwardness which should also be taken into consideration (Bompa, 2000:71). 

Therefore the importance of this study is to discover to what degree physical and motor fitness 
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is influenced by the growth spurt and whether negative influences of the growth spurt such as 

injuries and delayed development can be overcome by sound training of these capabilities 

during this period.  

The developing characteristics of boys aged 12- to 15-years and their readiness for sport 

performance will firstly be discussed, with the focus on developmental trends of anthropometric 

characteristics and motor and physical fitness performance capabilities in the adolescent boy. 

The trainability of motor and physical fitness performance capabilities, the effects of training on 

growth during mid-adolescence and the risk of injury for adolescent boys participating in training 

programmes will also be discussed. 

In order for sport participants to excel in any sport, four essential components including muscle 

strength, speed, agility and power need to be developed optimally, whether it is naturally 

developed due to maturation (Amstrong et al., 2011:25) or through special training programmes 

(Bompa, 2000:1). This literature review will additionally focus on the interrelationship between 

changes in anthropometrical components with the changes in these motor and physical fitness 

capabilities of boys during mid-adolescence.  

2.2 READINESS FOR SPORTS PERFORMANCE IN BOYS AT TWELVE TO FIFTEEN 

YEARS 

Sport (and exercise) is a vast enterprise involving major social institutions and large numbers of 

participants, workers and consumers (Vilhjalmsson & Kristjansdottir, 2003:363). According to a 

report by the Department of Sport and Recreation South Africa, the most popular sports codes 

among boys age 13- to 18-years in South Africa are soccer, cricket, athletics, rugby, basketball, 

swimming and tennis (Department of Sport and Recreation, South Africa, 2009:44). In 2007 

there were nearly 5.9 million (12% of the total population) children between the ages of 13 and 

18 years in South Africa. An estimated 63% of juniors (13- to 18-years) participate in sport. 

Soccer, athletics, rugby, tennis, volleyball and hockey, in that order have the highest number of 

participants within a school context (Department of Sport and Recreation, South Africa, 

2009:39). The wide ranging implications of participation in sport have resulted in numerous 

studies suggesting that active involvement in sport and exercise has beneficial effects relating 

to psychological well-being (Biddle, 1993:215; Vilhjalmsson & Thorlindsson, 1992:673), self-

esteem and sense of control (Gilroy, 1989:166; Gill, 1988:145), physical fitness (Dotson & Ross, 

1985:88; Tell & Vellar, 1988:14) and lowered risk of negative health behaviour, such as smoking 

and alcohol use (Escobedo et al., 1993:1394). Bompa (2000:1) is of the opinion that all 

successful sport participants are trained individuals who excel in a particular physical activity 

and usually have followed a well-designed, long-term training programme over several years. In 
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the field of sport, training is the process of repetitive, progressive exercise or work that improves 

the potential to achieve optimum performance. For sport participants, this means adhering to 

long-term training programmes that condition the body and mind to the specifics of competition 

that can lead to excellence in performance (Bompa, 2000:1). 

The development of motor and physical fitness capabilities during childhood and adolescence 

will be strongly influenced by growth in size, increasing complexity of the nervous system and 

also by rates of maturational change and sexual dimorphism (Cameron, 2014:5). Participation in 

sports is customary in South Africa and there is a well-developed school sports system in place. 

The South African school sports system for secondary school leaners includes team sports 

codes like rugby and field hockey (winter sports) and sports like cricket and athletics (summer 

sports) for boys to train and compete in (Department of Sport and Recreation, South Africa, 

2009:44). The competition season, which is based on chronological age, stretches from January 

through to August, starting with athletics and cricket, followed by rugby and field hockey. The 

last four months of the year are used as preparation for general conditioning of motor and 

fitness skills for the next competition season (www.nelliesh.co.za/sport.html). Motor and 

physical fitness needed for a variety of school sports are strength, power, speed and agility 

(Docherty et al., 1988:269; Gabbett et al., 2008:175; Keogh et al., 2003:397). 

In 1989 Sanderson introduced an athlete development model called Long-term structure of 

training (Balyi et al., 2013:7). This training model took into consideration among others, the 

growth and maturation processes of young developing sports participants (Balyi et al., 2013:7). 

Sanderson’s work was important because it considered developmental age as a crucial factor in 

sports participants’ development (Sanderson, 1989:5). In 1995 Balyi and Way developed a four-

stage model called the long-term athlete development (LTAD) model that, by 2005, had evolved 

into seven stages (Balyi et al., 2013:7). LTAD was developed to be a practical pathway 

incorporating empirical coaching observations and experiences, coaching science and human 

growth, development and maturation principles (Balyi et al., 2013:7). Stages 4 (Train to Train), 5 

(Train to Compete) and 6 (Train to Win) of the LTAD model provide guidelines for elite training 

and preparation of those who want to specialize in sport and compete at the highest level, 

maximizing the physical, mental and emotional development of each athlete. The ages that fall 

within the scope of this study, that define the Train-to-Train stage (stage 4) are based on the 

approximate onset and end of the adolescent growth spurt, which is generally defined as ages 

12- to 16-years for males (Balyi et al., 2013:229). At this stage, sport participants are ready to 

consolidate their basic sport-specific skills and tactics that were developed in previous stages 

(stages 1-3) and this is also a major fitness development stage (Balyi et al., 2013:231). 

Although sports participants may exhibit special talent during stage 4, they still need to allocate 
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more time to training skills and improve physical capacities such as strength, power, speed and 

agility rather than competing in formal settings during this period (Balyi et al., 2013:232; Beunen 

& Malina, 1988:523). 

This phase of anthropometrical change during adolescence that co-exists with the train-to-train 

phase in boys also provides a window of opportunity to use the effect of growth during mid-

adolescence to further improve the needed motor and fitness capabilities of boys aged 12- to 

15-years. Studies report a spurt for speed development from age 13- to 16-years and a spurt of 

strength training after Peak Height Velocity (PHV) (ages 14- to 15-years) (Balyi et al., 2013:86). 

However, this period of rapid growth is also associated with a higher risk of injuries and 

temporary awkwardness which should also be taken into consideration in training programmes 

(Bompa, 2000:71). 

2.3 CHARACTERISTICS OF THE DEVELOPING BOY AGED TWELVE- TO FIFTEEN 

YEARS 

The age period between 12- to 15-years is a time of change in all aspects of life including 

physical, emotional and cognitive development for children, especially boys (Cameron, 2014:9; 

Blakemore & Choudhury, 2006:296). Malina (2014:156) states that growth, maturation, and 

development dominate the daily lives of children and adolescents for approximately the first two 

decades of their lives. Growth and maturation are biological processes, while development is 

largely a behavioural process (Malina, 2014:156). The term growth refers to an increase in body 

size or a particular body part, while development describes the natural progression from pre-

natal life to adulthood and maturation to the process of becoming mature and fully functional 

(Baechle & Earle, 2008:142). These three processes occur simultaneously and are in constant 

interaction with each other (Malina et al., 2004:4). All these processes can be influenced by 

physical activity and also can influence physical activity, performance, and fitness (Cameron, 

2014:10; Malina, 2014:157). These entire processes take place during the adolescent period, 

and this period is seen as the changeover from boyhood to manhood. Characteristics of 

adolescence and aspects such as puberty, chronological and maturational age and growth that 

influence the motor- and physical fitness capabilities of boys, will be described in more detail in 

the next section. 

2.3.1 Adolescence 

According to Bitar et al. (2000:158), mid-adolescence starts between the ages of 10- to 14-

years and continues up to 17-years, when boys enter the late adolescent (17–20 years) period. 

During adolescence patterns and systems are established that lead to mature functioning of the 
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body as a unit (Spano, 2004:1). Several models (biological, psychological, psychosocial and 

cognitive) have been established in the past to outline and describe the period of adolescence 

(Spano, 2004:2). In this regard, Sigmund Freud focused on psycho-sexual development, and 

describes adolescence as a developmental period of sexual awareness (Deborah & Russel, 

2005:301; Spano, 2004:2). Piaget described adolescence as a cognitive development phase 

during which abstract thinking is used to make the transition from childhood to adulthood 

possible and Erikson defines adolescence as a period during which personal identity develops 

(Deborah & Russel, 2005:301). 

During adolescence boys develop larger hearts, larger skeletal muscles and lungs, higher 

systolic blood pressure, lower resting heart-rate, a greater capacity for carrying oxygen in the 

blood, and a greater power of neutralizing the chemical products of muscular exercise (Tanner, 

1981:48). The number of red blood cells and the amount of haemoglobin also increase during 

adolescence in boys (Tanner 1981:49). Tanner (1981:49) further stated that it is, as a direct 

result of these changes that athletic ability increases so much in boys at adolescence. Although 

the brain experiences no growth spurt during adolescence, the neural networks continue to 

increase in complexity throughout childhood and adolescence (Cameron, 2014:5). 

2.3.2 Puberty 

The onset of puberty is generally termed pubescence. Pubescence is the earliest period of 

adolescence, generally about two-years in advance of sexual maturity (Gallahue & Ozmun, 

2006:304). During pubescence secondary sex characteristics (body hair, deepening of voice) 

begin to appear, sex organs mature, changes in the endocrine system begin to occur and the 

adolescent growth spurt begins (Gallahue & Ozmun, 2006:304). Boys begin their pubertal 

development prior to the initiation of the adolescent growth spurt and appear to experience most 

secondary sexual changes relatively early in adolescence, thus being sexually mature prior to 

the end of the adolescent growth spurt (Cameron, 2014:10). The onset of puberty marks the 

transition from childhood to sexual adulthood. Time of onset is highly variable and may begin as 

early as age 9 years or as late as age 15 years in boys (Gallahue & Ozmun, 2006:304). 

According to Cameron (2014:5) the development of athletic performance during childhood and 

adolescence will be strongly influenced, not only by growth in size and increasing complexity of 

the nervous system, but also by rates of maturational change and sexual dimorphism. 

2.3.2.1 Chronological and maturational age 

Growth, maturation and development operate in a time framework, and are measured or 

observed over time (Davids & Baker, 2007:7). The point of reference is the child’s chronological 
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age, and most sporting codes use chronological age to group teams and manage participation 

(Davids & Baker, 2007:7). However, biological processes have their own timetables. Children of 

the same chronological age can therefore differ by several years, up to six years according to 

Woodman (1985:51), in their levels of biological maturity (Malina et al., 2004:7; Cameron, 

2014:10). A group of 14-year old boys can have a height difference as great as 23cm and a 

weight difference of up to 18kg (Beachle & Earle, 2008:143), which leads to the fact that late 

maturing boys are typically outperformed by early maturing boys (Till et al., 2014:572). This may 

result in the over-representation of early maturing and relative older sports participants in the 

youth sports context. Due to anthropometrical and motor performance developmental trends 

that cause early and late maturers, there will consequently always be a difference in the skills 

development of children with the same chronological age (Davis et al., 1997:253). Growth 

measurements are thus needed for monitoring and identifying the maturity level of athletes, so 

that training, competition and recovery programmes can be based on maturational age rather 

than chronological age (Balyi et al., 2013:69). 

2.3.2.2 Early vs late maturers 

Due to anthropometrical and motor performance developmental trends caused by the onset of 

puberty, the phenomenon of early and late maturers exists (Davis et al., 1997:253). This 

phenomenon will always be the cause of differences in the skills and fitness development of 

children with the same chronological age (Davis et al., 1997:253). Identifying early and late 

maturers and educating them about the advantages and disadvantages of their developmental 

status therefore is a key priority (Balyi et al., 2013:69). Maturation indicators such as PHV 

(indicator of somatic maturity) are used to classify children as average maturers (within +/- 1 

year of the average value), early maturers (advanced with more than one year) and late 

maturers (delayed by more than one year) (Malina et al., 2004:340). Researchers noted the 

following: Early maturing boys tend to be heavier and taller (at all ages) when compared to late 

maturers (Baxter-Jones, 2008:167; Bompa & Carrera, 2015:136). Early maturers tend to have 

broader hips and relatively narrow shoulders when compared to late maturers, and late 

maturers tend to have relatively greater leg length and shorter trunks compared to early 

maturers (Malina et al., 2004:341). In terms of body shape (somatotype), late maturers tend to 

be more ectomorphic, and early maturers more endomorphic and mesomorphic (Malina et al., 

2004:342). As would be expected, early maturing boys tend to have greater muscle mass, but 

also more fat tissue at all ages (Malina, 2004:342). Lefevre et al. (1990:424) did a longitudinal 

study on Belgian boys from age 12- to 17-years, and classified the boys as early (13.1 years), 

average (14.1 years) and late (15.4 years) maturing. The motor performances (static strength, 

power and running speed) of early-maturing boys were, on average, better than those of 
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average-maturing and late-maturing boys (Lefevre et al., 1990:432). Correlating results were 

also found in an earlier study by Beunen et al., (1981) as quoted by Malina (2004:356) where 

skeletal age was used as the maturity indicator and after height and weight had been 

statistically controlled for, early-maturing boys performed better in most tasks after the age of 13 

years, than late-maturing boys.  

Advanced biological maturity status, with its concomitant size and strength advantages, 

constitutes an asset positively associated with success in several sports codes in early 

adolescence (Malina, 2004:445). Young male sports participants in baseball, football, swimming 

and track tend to be, on the average, advanced in skeletal and sexual maturation (Malina et al., 

2004:446). Performance in these sports relies to a large extent on strength and power, and a 

larger body size and muscle mass associated with advanced maturity status would therefore be 

an advantage. In contrast, boys who are average or delayed in skeletal maturity are often 

successful in distance running in pre- and early adolescence. Young figure skaters and 

gymnasts tend to be delayed in maturity status (Malina, 2004:446). According to Balyi et al. 

(2013:43) late developing males have an advantage over early developers in the sense that late 

developers spend more time in stage three (Learn to Train) of the LTAD model. All fundamental 

movement skills and overall sports skills must be developed and refined before the onset of the 

adolescent growth spurt (Balyi et al., 2013:43). Thus, the longer a child remains in this stage, 

the more time he has to develop speed and skill (Balyi et al., 2013:43). Early maturers, who 

have always relied on their advanced developmental age, lose this advantage as average and 

late maturers catch up. Because of their reliance on their early physical development, some do 

not develop the necessary skills or fitness (Balyi et al., 2013:68). 

2.3.3 Growth 

Growth is an increase in the size of the body as a whole or the size attained by specific parts of 

the body (Malina et al., 2004:4). For the first two decades of human life, growth is the dominant 

biological activity (Cole, 2003:162; Malina et al., 2004:4). Pienaar (2010:137) defines growth as 

structural (anatomical) and physiological changes (changes that occur as a result of the 

proliferation of cells and intracellular compounds) that take place during maturation. Growth 

occurs mainly in three areas, namely neural growth, structural growth and genital growth (Balyi 

& Way, 2010:4). Neural growth entails the growth of the brain and the nervous system, and 

reaches 95% of maturity by age seven (Malina et al., 2004:13). Structural growth refers to 

increases in height and weight, while genital growth refers to the development of primary and 

secondary sexual characteristics (Balyi & Way, 2010:4). All these different areas of growth 

influence motor fitness and performance development in boys (Balyi & Way, 2010:4). 
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Post-natal growth is divided into three periods namely infancy (first year of life), childhood (first 

birthday to the start of adolescence) that can be divided into, early childhood (preschool years) 

and middle childhood (primary school years). Adolescence, the third period is difficult to define 

in terms of chronological age because of variation in the time of its onset or the start of puberty 

(Cameron, 2014:5: Malina et al., 2004:7). The World Health Organization defines the age of 

adolescence as between 10- and 18-years (World Health Organization, 2014). Growth is rather 

rapid in infancy and early childhood, slows down somewhat to a steadier pace during middle 

childhood, increases sharply during the adolescent spurt, and slows down and eventually 

terminates as adult dimensions are attained (Malina et al., 2004:67). Specific body dimensions 

differ in the magnitude and timing of their respective adolescent growth spurts (Malina et al., 

2004:68). It should be noted, however, that late maturing children of both sexes tend to grow 

over a longer period of time and eventually catch up with and often surpass early maturing 

youth in height during late adolescence (Malina et al., 2004:67). 

The second dynamic purposive and directional process that goes hand in hand with growth is 

maturation. Maturation refers to the progress toward the biologically mature state or biological 

maturity (Malina et al., 2004:277). Maturation is a process, while maturity is a state. Maturation 

occurs in all bodily organs and systems, but maturity varies with the biological system 

considered (Malina, 2014:158). Sexual maturity is fully functional reproductive capability (Malina 

et al., 2004:284). Skeletal maturity is a fully ossified adult skeleton (Malina et al., 2004:4). 

Maturation of the nervous and endocrine systems is a major factor underlying sexual, skeletal, 

somatic growth and maturation (Malina, 2014:158). Maturation refers to the timing and tempo of 

progress toward the mature biological state (sexual, skeletal and neuroendocrine) (Malina et al., 

2004:4). Timing and tempo of growth vary considerably among individuals, and are the cause of 

big differences in body size and composition of children of the same chronological age 

(Cameron, 2014:7; Malina et al., 2004:7).  

2.3.3.1 Growth spurt 

The pattern of linear growth experienced by all children is characterized by rapid growth during 

infancy, relatively constant growth during childhood, and then accelerated growth during the 

adolescent growth spurt prior to reaching adult maturity and the cessation of growth in length 

(Cameron, 2014:5). The adolescent growth spurt is a dynamic growth period (Bitar et al., 

2000:158; Rogol et al., 2002:196) during which boys experience physical and physiological 

changes in a relatively short time span. This period stretches over two to three years and 

usually falls within adolescence (Tanner, 1981:43). The adolescent growth period and more 

specifically the mid-adolescent period, age 13- to 15-years is associated with major growth 

changes known as the growth spurt, which also include PHV and the development of mature 
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gender characteristics (puberty) over a short period (Cameron, 2014:7). This period is known as 

the transitional phase from childhood to adulthood due to various physical and physiological 

changes occurring during this phase (Bitar et al., 2000:157; Dahl, 2004:3). In this regard, 

literature indicates that the major changes in size, physical body composition and motor skills 

occur among boys between the ages of 9 and 16 years old (Bloomfield et al., 1994:59; Malina et 

al., 2004:12), due to increases in hormonal secretion. The commencement of this rapid growth 

period is, however, not rigid (Adair, 2001:e59; Towne et al., 2005:213). Gradients in the growth 

of different body segments contribute to variations in body proportions (Cameron, 2014:9) which 

are especially apparent during adolescence. During the adolescent growth spurt the peak 

velocity of growth in height averages about 10cm a year (Tanner, 1981:43). PHV that represent 

maximal growth in one year, that takes place around age 14 in boys (Malina et al., 2004:293), is 

especially important as it is also a reference for comparison of changes in body dimensions, 

proportions, and composition and physical performance during the adolescent growth spurt 

(Cameron, 2014:6; Malina et al., 2004:307). Differential timing of the growth spurts in segment 

lengths and skeletal breadths relative to PHV is also apparent (Cameron, 2014:9). Peak velocity 

for estimated leg length occurs earlier than that for height, whereas peak velocity for sitting 

height or trunk length occurs after that for height. Rapid growth of the lower extremities is 

characteristic of the early part of the adolescent growth spurt (Malina et al., 2004:320). Boys will 

experience a change in the centre of gravity as a result of these growth gradients of different 

body segments that will cause temporary loss of coordination and speed during this phase of 

rapid growth, according to Balyi et al. (2013:71).  

2.4 DEVELOPMENTAL TRENDS OF ANTHROPOMETRIC CHARACTERISTICS AND 

THEIR INTERRELATIONSHIP WITH MOTOR FITNESS 

This section will discuss developmental trends of growth and changes in anthropometric 

characteristics of boys during mid-adolescence and the interrelationship between 

anthropometrics like height and body mass and physical capacities like speed, agility, strength 

and power. Anthropometry involves measurement techniques to determine and evaluate size, 

proportions and aging of the human body or segments thereof (Balyi & Way, 2010:3; Jenkins, 

2005:55). Jenkins (2005:55) sub divides these measurements into skinfolds and weight (body 

weight), girths (circumferences) lengths (including stature) and diameters. This information can 

provide an objective view of an individual sports participant when compared to other sports 

participants (Balyi & Way, 2010:3). These techniques contribute to proper evaluation of the 

structural status of an athlete at any given time or more importantly it allows for quantification of 

differential growth (Balyi & Way, 2010:3). According to the LTAD model, boys between the ages 

of 12- to 16-years fall in the Train-to-Train stage during which they become practice-ready in 
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respect of the demands that will be made upon them in a competitive sport (Balyi & Way, 

2005:8). Knowledge in regard to the nature and extend of growth during this phase can 

contribute to the optimal utilization of this development period. A discussion of the following 

anthropometrical measurements and their developmental trends during the adolescent years of 

boys will follow. 

2.4.1 Height 

Human height, also known as stature is the distance from the bottom of the feet to the top of the 

head in a human body, and is measured using a stadiometer (Malina et al., 2004:49). Growth in 

height occurs as a result of the proliferation of cells in bones and muscles from birth, and growth 

ends when growth plates in the spine close (Malina et al., 2004:62; Pienaar, 2010:137). Human 

height starts with a period of accelerated growth during infancy (0-3years) (Malina et al., 

2004:49), with a second, but smaller growth spurt that is experienced from 7 or 8 years (Gasser 

et al., 1985:129). From 8 years until puberty / adolescence growth is constant and linear (Malina 

et al., 2004:7). During adolescence a third period of accelerated growth is experienced, lasting 

up to three years between the ages of 13- to 15-years. After the accelerated growth period, the 

growth curve gradually slows down and eventually terminates as adult dimensions are attained 

(Malina et al., 2004:49). Growth in height is a continuous process with short velocity spurts. 

During infancy, children grow about 10cm during the first year and 12-13cm in the second year, 

after which growth slows down and reaches a plateau at age four (Rogol et al., 2000:523). From 

age four children grow about 5-6cm per year until the onset of puberty, after which a final phase 

of accelerated growth occurs (Rogol et al., 2000:523). Boys have accelerated growth as a result 

of an increased hormonal secretion that includes testosterone and human growth hormone 

(Baechle & Earle, 2008:56). Testosterone performs a variety of functions and is important for 

the development of a child (Baechle & Earle, 2008:56). Tanner and Whitehouse (1976:172) 

developed growth standards for boys that can be used in various populations and are still in use 

today. Tanner and Whitehouse (1976:172) stated that there is acceleration in growth at about 

age 13-15 years with peak acceleration at 14 years, after which a plateau is reached at age 17. 

In this regard the results of Armstrong and McManus (2000:20) show that the height of boys 

increased with 7-9-7cm per year during the accelerated growth phase (13- to 15-years). In a 

study of adolescent boys residing in the North West Province of South Africa by Gerber et al. 

(2015:24), mean height increments of 8.07cm, 3.35cm, and 2.15cm over the three years were 

found, with the first measurement at age 13.58 years, in the grade eight year of the boys. 

According to Wheeler (1991:10) boys can grow as much as 12cm within the year of PHV that on 

average occurs at age 14. A review study by Kim et al. (2008:232), that focused on 

anthropometrical changes in Korean children and adolescents over the past 40 years, showed 
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that boys grew 6.8cm (11-12 years), 7.7cm (12-13 years), 5.2cm (13-14 years), 3.4cm (14-15 

years) and 1.6cm (15-16 years) respectively. In a study of 1008 Czech Republic and Polish 

boys between the ages of 7- and 15-years, Kopecký et al. (2013:56) measured the largest 

additional growth in their adolescent phase with a peak height velocity reaching more than 8cm 

per year during ages 12 and 13 years. Results by Gerber et al. (2015:24) suggested that PHV 

occurred between ages 13.58 – 14.58 years in boys of the North West Province, with height 

increases of 8.07cm and only 3.35cm in the following year. 

2.4.1.1 Sitting height 

Sitting height is defined as the distance between the transverse area (surface) of the vertex and 

the lower part of the thigh area (ischium) when in a seated position (Marfell-Jones et al., 

2006:60). Sitting height shows a linear increase from birth to about ten years, with a slight 

decline in growth around 13.5 years of age, after which acceleration is observed again (Malina 

et al., 2004:68). The final increase in sitting height occurs after the final increase in standing 

height or stature (Malina et al., 2004:68). Lee et al. (2005:17) found in their study of 570 boys in 

Taipei that the acceleration phase of sitting height takes place between the ages of 12 and 14 

years. These increases were respectively 4.6cm (12-13 years) and 3.7cm (13-14 years) during 

this period. Lee et al. (2005:17) also found that the growth curve of boys increases in a linear 

pattern with a mean value of 1.4cm/year until late adolescence (17-18 years). In a South African 

study by Gerber (2013:83) it was found that sitting height increased by 3.83cm in boys from age 

13.58- to 14.58-years and 3.02cm from age 14.58- to 15.57-years. 

2.4.1.2 Sitting Height Ratio 

Sitting Height Ratio is defined as a percentage of total body stature (Malina et al., 2004:48). 

This ratio is calculated in order to determine the length of the torso and lower limbs separately 

(Malina et al., 2004:48). In the study by Gerber et al. (2014:617) height showed a statistically 

significant increase of 8.07cm, while sitting height ratio showed a volatile development curve 

over the three years of the study. During the first year a decrease in sitting height ratio of 0.15% 

was observed, which showed the magnitude of the contribution that increasing leg length during 

this period has on total body length. During this period total body length increased by 8.07cm 

and sitting height increased by 3.83cm (42%), which leaves 58% of growth to the lower 

extremities (Gerber et al., 2014:617). The results from Pienaar and Viljoen’s (2010:88) cross-

sectional study on 10-15 year old boys confirm the trend that sitting height is about 51% of total 

body height at age 10 years, and 50% at age 12 after which a plateau is reached. 
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2.4.2 Weight 

Weight can be defined as the total mass of the body (Marfell-Jones et al., 2006:57). Body 

weight is a composite of bodily tissues, but it is often viewed in terms of its lean (fat-free) and fat 

components (Malina, 2014:159). Thus, body weight equals fat-free mass (FFM) plus fat mass 

(FM). Major components of FFM are skeletal muscle and bone mineral. FFM has a growth 

pattern similar to that of height with a clear adolescent spurt (Malina, 2014:159). FM increases 

more gradually during childhood and adolescence (Malina, 2014:159). Weight follows the same 

development curve as height but keeps on increasing till the mid-twenties while height reaches 

a plateau at age 18 years (Armstrong & McManus, 1996:22). The growth spurt in body weight 

begins slightly later than that of height (Malina. 2014:159). According to Santrock (2010:293) 

boys experience an accelerated increase in weight and reach up to 50% of their adult weight 

during adolescence. Rogol et al. (2002:195) stated that a peak in weight increase coincides with 

PHV in boys at age 14 years and shows a systematic slow down during late adolescence. 

Rogol et al. (2002:195) also noted that boys on average gain 9.5 kg/year during the accelerated 

growth phase. A study by Lee et al. (2005:17) in Taipei, a study on boys (N=570) which focused 

on longitudinal growth patterns, expressed weight as kg/cm, and indicate that from age 8-11 

years, weight of boys increased in a linear pattern with 0.1- 0.2 kg/cm/year, with a sudden 

increase of 0.4 kg/cm that was noted at the age of 12-13 years. During the two-years that 

followed (13-15 years) an increase of 0.3 kg/cm was noted. After this weight velocity phase a 

levelling off and plateau were reached where mass/cm showed a mean increase of 0.1 kg/cm 

up till age 18 years. In a cross-sectional study by Pienaar and Viljoen (2010:75) they found that 

the weights of boys show a statistically significant annual increase that stayed unchanged 

throughout their adolescent years (12-15 years). Their results correlate with the standard 

secular peak weight acceleration as reported by Tanner and Whitehouse (1976:173). Kopecky 

et al. (2013:56) reported increases in body weight of up to 6 kg in the Czech boys during ages 

13- to 14-years. In Polish boys, a Peak Weight Velocity (PWV) of 7.76kg was observed between 

12- to 13-years of age (Kopecky et al., 2013:56). Gerber (2013:83) reported an increase of 

8.55kg in South African boys of the North West Province during the first year of the study 

(13.58–14.58 years) and only a 4.47 kg increase during the second year (14.58 – 15.57 years). 

2.5 DEVELOPMENTAL TRENDS OF MOTOR AND PHYSICAL FITNESS CAPABILITIES IN 

THE ADOLESCENT BOY 

Motor performance can generally be described as factors or components that influence a 

person’s current performance levels and allow a person to execute a certain level of movement 

skill (Gallahue & Ozman, 1995:73; Gallahue & Ozman, 2006:16). Capabilities such as speed, 

agility, balance, coordination and power will, therefore, fall under the category of motor 
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performance capabilities (Gallahue & Ozman, 1995:73) while strength can be classified as a 

physical fitness component. Motor and physical fitness capabilities change as a function of 

growth, maturation, development and interactions among the three processes (Malina, 

2014:165). As a child grow up his capacity for physical exertion increases. Some of this is due 

to the simple fact that the child becomes bigger, i.e. grows longer legs and arms, larger heart 

and muscle mass (Asmussen & Heeboll-Nielsen, 1955:603). Performances on standardized 

tests of motor performance, including several fitness items improve with age during childhood 

and with the onset of adolescence, performances of boys show acceleration in improvement 

(Malina, 2014:60). Clark and Metcalfe (2002:185) describe an unstable growth period during 

early childhood, referred to as the compensation period which represents that time in the motor 

development journey when the child must compensate for rapid biological changes. The growth 

spurt during the early adolescent years in boys aged between 12- and 14-years is another 

period of such rapid growth (Anthanasios & Hackfort, 2014:6). When the physical features of the 

body change in such drastic leaps, the CNS must make big adaptations to accommodate such 

changes and adapt to the new segmental forces which in return will impact on the execution of 

motor skills (Clark & Metcalfe, 2002:178). Changes in body proportions during this period could 

furthermore contribute to awkwardness in motor skill execution (Pienaar, 2010:420). A 

discussion of the literature on developmental trends of motor performance capabilities like 

speed, agility, strength and power in the adolescent boy will follow.  

2.5.1 Speed 

Running speed is defined as the skill and ability to achieve rapid movement (Baechle & Earle, 

2008:458). Speed implies acceleration from a starting position whereas acceleration implies 

power, while maintenance of speed requires muscular endurance (Sharkey & Gaskill, 

2006:110). Athletes thus require power to accelerate to the speeds necessary for success, 

whether the speed is that of a ball being released, vertical velocity during the high jump or 

running speed during a sprint (Sharkey & Gaskill, 2006:110). Sprinting and running are key 

fundamental movement skills that are considered to be the building blocks for many sporting 

activities (Rimmer & Sleivert, 2000:298; Taylor, 2003:670) and are common forms of locomotion 

performed by children during playground games and activities (Faigenbaum et al., 2009:75). 

Furthermore, sprinting performance appears to be an important determinant of success in many 

adult and youth sports (Young et al., 2002:283; Gabbett et al., 2008:175; Mendez-Villanueva et 

al., 2010:480), and assessments of maximal speed are commonly included in batteries of talent 

identification tests (Reilly et al., 2000:676). 

Speed can be divided into the following components, namely maximal speed, stride length (SL), 

stride frequency (SF), flight time (FT) and contact time (CT) (Meyers et al., 2015:85). While it is 
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accepted that running speed is the product of stride length and stride frequency (Hunter et al., 

2004:270), it is also known that other mechanical stride characteristics may influence stride 

length and stride frequency (Hay, 1994:400). In adults it has been reported that faster runners 

achieve longer strides through greater application of ground reaction forces during a reduced 

ground contact period (Weyand et al., 2000:1993; Weyand et al., 2010:953). In adults, 

improvements in strength and power have been associated with improved stride length and 

speed (Weyand et al., 2000:1993; Wisloff et al., 2004:286). It has been suggested that a similar 

relationship may be evident in children, especially around the period of PHV when physiological 

characteristics linked to improved neuromuscular function (Malina et al., 2004:26) and greater 

limb length (Ecker, 2015:60) have been reported.  

Phillippaerts et al. (2006:225) found that speed has a phase of negative development (speed 

reduction) during the 12 month period before the start of the PHV. Malina (2014:160) stated that 

the earlier adolescent spurts for running speed and lower back flexibility may be related to 

growth of the lower extremities which experience maximum growth before the upper extremities. 

Thus, boys have relatively longer legs for their heights early in the adolescent spurt, and this 

may influence running speed and lower trunk flexibility. Gerber et al. (2014:623) confirmed that 

improvements in speed, correlated with changes in stature and sitting height, before and after 

adjustment for anthropometric growth, and these relationships had medium level practical 

significance. They also reported a relationship with body mass although these relationships had 

small significance (Gerber et al., 2014:623). Meyers et al. (2015:92) stated that SF has been 

shown to decrease during the pre-PHV period. Furthermore, while reduced CT is often reported 

as desirable for sprint performance, it appears that as a result of natural development, CT 

actually increases during childhood. SL increases with maturation, and this is likely due to 

increased limb length and improved relative force production (Meyers et al., 2015:92). 

According to Phillippaerts et al. (2006:228) speed develops systematically during the 12 months 

before PHV and reaches a peak that coincides with the peak of PHV, after which speed reaches 

a plateau about 12-18 months after PHV. In a study by Spencer et al. (2011:503) speed of boys 

between the ages of 11-13 years increased with 0.1m/s. Followed by two-years (13-14 years) of 

acceleration in speed development of 0.5m/s and between ages 14-15 years an increase of 

only 0.3m/s is noted after which speed development reached a plateau of 0.1m/s until the age 

of 18 years (Spencer et al., 2011:503). In this regard Pienaar and Viljoen (2010:85) found in a 

cross-sectional study of boys in the North West Province, that speed remains stable over 40m 

for boys age 10-12 years (7.7s; 7.8s; 7.7s) after which a steady improvement occurs for boys 

age 13-15 years (7.4s; 7.2s; 7.0s) respectively. In a longitudinal study by Gerber et al. 

(2014:621) a small but significant increment of 0.47s and 0.24s between 13.58-14.58 years and 

14.58-15.57 years respectively were reported over a distance of 40m.  
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2.5.1 Agility 

At present, there is no consensus among the sports science community for a clear definition of 

agility. Traditional definitions of agility have simply identified speed in directional changes as the 

defining component (Young et al., 2001:318). Some authors have defined agility as including 

whole-body change of direction as well as rapid movement and directional change of the limbs 

(Draper & Lancaster, 1985:16). Young et al. (2002:282) identified agility as comprising two key 

sub-components; speed in changing direction, and cognitive factors. More recently, agility has 

been identified as ‘‘a rapid whole body movement with change of velocity or direction in 

response to a stimulus’’ (Sheppard & Young, 2006:915), which can also be described as an 

athlete’s collective coordinative abilities (Tittel, 1991:209). These are the basic elements of 

technical skills used to perform motor tasks spanning the power spectrum from dynamic gross 

motor activities to fine motor control tasks and include adaptive ability, balance, combinatory 

ability, differentiation, orientation, reactiveness, and rhythm (Plisk, 2008:458). Thus agility refers 

to the use of abilities such as muscle strength, rapid muscle contractions, speed and 

coordination to achieve sudden change of direction and maintain speed during a movement 

(Baechle & Earle, 2008:458).  

Phillippaerts et al. (2006:228) state that agility starts to develop 12 months before peak height 

growth and reaches its peak at the start of peak height growth, after which a plateau is reached. 

According to Pearson et al. (2006:282) agility can increase by up to 20% during puberty. 

Pienaar and Viljoen (2010:87) found a plateau in agility of boys 10-11 years with a systematic 

increase up to 14 years of age. A possible explanation could be that agility is influenced by 

dynamic strength, power / explosive strength and the speed of muscle contractions, which all 

only develops at a later stage than agility (Badenhorst & Pienaar, 2000:6). Sheppard and Young 

(2006:920) also report that agility is affected by body composition (lower body fat vs. higher 

muscle mass) as well as by stature, relative limb length and height of the centre of gravity. 

Gerber et al. (2014:263) used the shuttle run test to measure agility of boys aged 13.58 to 15.57 

years. The results from Gerber’s study on agility indicate a similar developmental curve as 

speed over the first year (boys aged 13.58 to 14.58 years) during which significant improvement 

was seen (p<0.05). Changes in agility also showed moderately significant relationships with 

changes in stature, mass and sitting height, over the two-year period of the study of Gerber et 

al. (2014:264).  

2.5.2 Strength 

Strength is an expression of muscular force, or the individual's capacity to develop tension 

against an external resistance (Kent, 2006:366; Malina et al., 2004:216). Strength is defined as 
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the maximum power output during a single muscle contraction (Faigenbaum & Westcott, 

2009:6; Pienaar, 2010:167). Male strength increases with advancing chronological age with 

peak strength gains that occur approximately 14 months after the occurrence of PHV and 

approximately nine months after peak weight gains (Beunen & Malina, 1988:523; Carron & 

Bailey, 1974:19; Malina et al., 2004:555). Folland and Williams (2007:146) are of the opinion 

that gains in strength are undoubtedly due to a wide combination of neurological and 

morphological factors. 

Strength increases in a linear pattern in boys from early childhood until the onset of puberty (13-

14 years) (Malina et al., 2004:218). A strength acceleration phase is reported during puberty, for 

about two-years, after which strength continues to increase linearly into late adolescence (De 

Ste Croix, 2007:296). Research by De Ste Croix (2007:300) showed a strength increase of 

314% in knee extension and 285% in knee flexion in boys between the ages of nine and 21 

years. In a cross-sectional study of boys 10-15 years by Pienaar and Viljoen (2010:80) a 

significant increase was found in the grip strength of boys from the age of 12 and upper-body 

strength in boys 14- and 15-years, which was tested through the pullup test. These researchers 

also noted that the increase of upper-body strength coincided with the period of increase in 

weight. 

Although physical stature, age, weight and gender play a role in the potential strength of a 

person, it has been proven that only 40-70% of strength development is influenced by these 

factors (Rowe et al., 2004:549). One of the main factors responsible for the increase in strength 

with the onset of puberty is testosterone levels. Testosterone secretion increases fourfold during 

early puberty with a further twentyfold increase during mid-puberty (Rowe et al., 2004:549). 

Several researchers also indicate that neurological factors play an important role in strength 

development (De Ste Croix, 2007:297; Paus et al., 1999:1908).  

Strength of the upper and lower extremities does not show the same developmental trends. In a 

study by Carron and Bailey (1974:30), a clear difference in terms of strength development 

between the two body segments was noted. According to the results of the study by Carron and 

Bailey (1974) the lower extremities show acceleration in development about one year before the 

upper-body. Furthermore these researchers stated that upper-body strength increases 3.9 times 

between the ages of 10-16 years, while leg strength increases only 2.5 times in boys (Carron & 

Bailey, 1974:33). The strength development acceleration of the legs happens about two-years 

before PHV and the acceleration of the upper-body strength development only one year before 

PHV (Malina et al., 2004:328). In this regard Gerber et al. (2014:263) found that upper body 

strength (measured by cricket ball throw) showed a larger increase during the second year 

(14.58-15.57 years) of their study, which was after PHV of the group. This higher increase 
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during the second year is ascribed by Gerber et al. (2014) in part to increased muscle strength, 

which develops later in the upper limbs than in the lower limbs (De Ste Croix, 2007:297).  

Round et al. (1999:54) found two periods of strength development acceleration in the legs 

(measured by quadriceps strength), the first about three years before PHV and the second only 

one year before PHV. They also confirmed that upper-body strength accelerated only one year 

before PHV. 

Malina et al. (2004:710) report that it is during the later stages of puberty that muscular strength 

and power showed major gains in adolescent boys. Another possible explanation might be 

improved upper arm and body coordination during this period as a result of a rapid increase in 

stature, arm span and sitting height during the previous year, which is then tied in with 

increased strength during this period (Gerber et al., 2014:623). Gerber et al. (2014:617) also 

confirm small to moderate interrelationships between changes in anthropometrical growth and 

physical and motor fitness development in boys during mid-adolescence. Increases in cricket 

ball throwing distance showed small relationships with anthropometric growth changes after 

adjustment for maturational age.  

2.5.3 Power 

Explosive strength/power refers to the ability to exert a maximal amount of force in the shortest 

possible time interval (Syatt, 2012). Therefore power is the product of force times velocity 

(Power = Force x Velocity), where force represents strength and velocity speed (Syatt, 2012). 

Kent (2006:197) defined explosive power as “the ability to expend energy in one explosive act 

or in a series of strong sudden movements as in jumping, or projecting some object (e.g. a 

javelin) as far as possible”. Baechle and Earl (2008:250) define explosive power as the ability of 

muscles to maintain high power output whilst contracting at high speed. Almost all sports 

require increases in power to increase performance (Sharkey & Gaskill, 2006:100). 

The jumping capability of boys improved with age up to 19 years (Branta et al.,1984:498). Data 

for the general population of adolescent boys suggest that strength and power attain maximal 

growth after PHV (Beunen & Malina, 1988:523; Malina et al., 2004:555). In an overview study 

based on research evidence by Viru et al. (1999:91) it was found that the vertical jump height of 

adolescents increased between the ages of 12-14 years. In two separate studies that they 

reviewed increases of 7-9-7% and 5-12-5% were shown over the three year period. Gerber et 

al. (2014:622) also noted that explosive leg power (as measured by the vertical jump) showed a 

significant mean improvement of 3.17cm (p<0.05, d>0.5) between the ages of 13.58- and 

14.58-years and a larger mean improvement of 5.65cm during year two of their study (age 

14.58 -15.57 years). Gerber et al. (2014:264) however, found no significant interrelationships 
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between explosive leg power and any of the changes in anthropometric growth during the same 

period. Phillippaerts et al. (2006:224) found in their study that explosive strength as measured 

with the vertical jump test showed a similar estimated velocity curve to that of height with a 

velocity of 1.5cm/year, 12 months before peak height velocity and reaching a peak coincident 

with PHV (Philippaerts et al., 2006:224).  

A constant but insignificant improvement of explosive upper-body strength in boys 10-12 years 

was also reported by Pienaar and Viljoen (2010:83). The basketball throw test done with boys 

13- and 15-years of age showed a significant improvement of explosive upper-body strength 

which correlates with maximal stature increase and body mass acceleration in the study 

(Pienaar & Viljoen, 2010:83). Kopecky et al. (2013:58) also found that the values for upper-body 

power measured by medicine ball throw increased gradually between the ages of seven and 15 

years, with the biggest increase in boys 15 years old. Gerber et al. (2014:263) found that 

explosive upper body power (measured by basketball throw) showed a more significant 

improvement between 13.58- to 14.58-years (1.08 m) compared to boys aged 14.58- to 15.57-

years (0.29 m; p<0.05). They also stated that changes in basketball throwing distance, showed 

interrelationships with all anthropometric growth changes that were measured in their study 

except sitting height ratio, which indicate that increases in stature, mass, sitting height and arm 

span are related to increases in performance of this ability (Gerber et al., 2014:264).  

The following section of this literature chapter will focus on literature that report on the training of 

motor fitness capabilities of mid-adolescent boys. 

2.6 TRAINABILITY OF MOTOR FITNESS CAPABILITIES IN MID-ADOLESCENT BOYS 

Boys aged 12- to 15-years (mid-adolescence) have a sensitive period of accelerated adaptation 

to training of motor fitness capabilities - speed, agility, strength and power (Balyi et al., 

2013:90). 

Trainability refers to the responsiveness of developing individuals to the training stimulus, at 

various stages of growth and maturation (Balyi et al., 2013:80). Monitoring growth helps to 

identify the sensitive periods of accelerated adaptation to training (Balyi et al., 2013:69). Boys 

aged 12- to 15-years (mid-adolescence) are in the train-to-train stage of the LTAD model as 

described by Balyi et al. (2013:81). This phase poses the opportunity to develop certain motor 

performance capabilities. Windows of optimal trainability for strength and speed are reported by 

Balyi et al. (2013:81) and shown in fig 2.1. These windows are fully open during the sensitive 

periods of accelerated adaptation to training and partially open outside these periods (Balyi et 
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al., 2013:83). Following is a discussion of the different motor fitness components (strength, 

power, speed, agility) and the likelihood of improvement, this being subject to training. 

 

Figure 2.1: Windows of accelerated adaptation to training  

(www.orienteering.co.za) 

2.6.1 Strength training 

Taking into consideration that boys during mid-adolescence have increased testosterone levels, 

increased body weight and muscle mass as well as increasing limb length, the period after PHV 

is seen as an opportune time to train and improve strength in boys (Malina, 2006:485). 

Resistance training in the pre-pubescent child may also effectively increase strength, without a 

concomitant increase in muscle mass (Naughton et al., 2000:316). Without the anabolic effects 

of testosterone in boys, strength gains at this age (12-13 years) are mainly attributed to more 

efficient recruitment of motor units (Reilly & Stratton, 1995:210).  

The term “resistance training” is defined as a type of exercise that requires the musculature to 

contract against an opposing force generated by some type of resistance (e.g. body weight, 

barbells, dumbbells and weight machines) (Behringer et al., 2010:e1200). If free weights or 

specific machines were applied to generate resistance, the term “weight training” is used 

synonymously. By contrast, the term “strength training” is used in a broader sense (e.g. to 

describe any type of conditioning that is used to increase physical strength) (Behringer et al., 

2010:e1200). Numerous studies have shown resistance training to be an effective and safe way 
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for enhancing muscle strength in children and adolescents, if appropriately prescribed and 

supervised (Behringer et al., 2010:e1200; Falk & Tennebaum, 1996:182; Payne et al., 1997:83). 

Furthermore, resistance training has been shown to be associated with several health-related 

benefits such as increased bone mineral density, improved body composition and enhanced 

mental health and well-being (Faigenbaum, 2007:196). Accurate knowledge of an individual’s 

present level of muscular strength is, however, important for both occupational functional 

capacity evaluation and appropriate athletic and rehabilitation exercise prescription (Brown & 

Weir, 2001:2). Absolute strength is probably less trainable in pre-pubertal than in pubertal 

and/or post-pubertal youth (Blimkie & Sale, 1998:193). Responses to resistance training stimuli 

in pre- and early-pubertal youth are largely neural and may include a learning component 

(Blimkie & Sale, 1998:193). Enhanced motor unit recruitment and/or frequency of motor unit 

firing, alterations in pattern of motor unit recruitment, and changes in muscle activation and 

contractile characteristics with strength training are possible contributing factors (Ozmun et al., 

1994:510; Ramsay et al., 1990:605).  Whatever the sport, strength training lays the foundation 

for power, a necessity in all sports codes (Sharkey & Gaskill, 2006:100). 

2.6.2 Power training 

Higher power could be attributed to the fact that a larger lean body mass and muscle mass 

produce greater anaerobic power as found among male adolescents (Mikulic, 2011:147). 

Research has shown that power training, using light to moderate loads at high velocities, most 

effectively increases sport specific power and the maximal rate of power development (Sharkey 

& Gaskill, 2006:101). It is important to understand that power is the result of applying force 

(strength) quickly. It is also necessary to have adequate strength before one can develop power 

(Sharkey & Gaskill, 2006:101) 

If anthropometric composition and the development of acceleration of speed and strength are 

taken into consideration, one would be advised to start training and developing power before 

PHV. Researchers also claim that greater height-to-weight ratios, as displayed by leaner and 

taller adolescents, would benefit these subjects during the execution of tests such as the 

vertical jump (Nevill et al., 2009:230). Takai et al. (2013:60) found in their study of 94 Japanese 

boys aged 13.7 years that the experimental group (36 boys) showed improvement of 3.4% in 

the vertical jump test after eight weeks of body mass-based squats of 100 reps/day, compared 

to the 1.8% improvement of the control group (58 boys) who were not subjected to extra training 

except their normal daily sports training (Takai et al., 2013:62). In a study by Santos and 

Janeira (2008:903) of 25 boys aged 14- to 15-years where the experimental group was 

subjected to a ten week weight and plyometric training programme, the experimental group 

showed an improvement of 13% in explosive leg power (measured by the standing long jump 
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test) compared to a loss of 8.6% in the control group who only adhered to their normal sports 

practice (Santos & Janeira, 2008:904). In a South African study by Duvenhage (2012:59) on 

153 Grade 10 boys of the North West Province competing in sport and 48 boys who did not 

compete in sport, a difference of 11.6cm in vertical jump height was found between the two-

groups. According to Duvenhage (2012:65) these differences are attributable to participation in 

sport, and Duvenhage (2012:65) argues that participation in sports codes such as athletics, 

rugby and hockey requires participants to be able to deliver sudden bursts of power when 

rapidly changing direction or when a high velocity must be generated (Duvenhage, 2012:65).  

2.6.3 Speed training 

The time around PHV is a key point in the improvement of speed in boys (Meyers et al., 

2015:92). In a study by Mendez-Villanueva et al. (2010:502), 61 male soccer players were 

divided into three groups, pre-age at peak height velocity (APHV) players (12.3 ± 0.7 years), 

circum-APHV players (14.3 ± 0.9 year) and post-APHV players (16.9 ± 0.7 years). Mendez-

Villanueva et al. (2010:502) found that maximal sprinting speeds were higher in the post-APHV 

players than the other two-groups. This difference can be due to the disproportion of body 

segments during the mid-adolescent period (Malina et al., 2004:320) and the increase in 

complexity of neural networks during adolescence (Cameron 2014:5). Meyers et al. (2015:85) 

found in another study of 336 boys aged 11 to 15 years that speed stayed the same during the 

years pre-PHV because of decreases in SF and increase of SL, while speed improved when 

PHV is reached (Meyers et al., 2015:88). A potential explanation for their results was that boys 

who are pre-PHV may lack the necessary motor coordination and strength to effectively 

orientate, stabilize and apply force through their lower limbs. SL increases with maturation and 

this is likely due to increased limb length and improved relative force production (Meyers et al., 

2015:92). Therefore boys at- or post-PHV seem to be able to use the additional leg and stride 

length more effectively as both CT and SF stabilize around this time (Meyers et al., 2015:91). 

Philippaerts et al. (2006:228) reported on a similar phenomenon whereby decrements in speed 

in boys approaching PHV were speculated upon to be caused by temporary disruption in motor 

coordination, termed adolescent awkwardness. Findings from the study of Meyers et al. 

(2015:85) would suggest that pre-PHV boys should focus on the development of neural 

parameters to facilitate improved SF and CT. Improved neural factors may result in increased 

technical competency and assist in coping with the growth-related anthropometric changes 

observed at this time. While neural training should continue for boys around and post-PHV, the 

focus of training should shift toward improved SL with the development of strength and rate-of-

force development to make optimal use of the maturity-related changes in circulating androgens 

and increased muscle mass (Meyers et al., 2015:92).  
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Duvenhage (2012:59) found in her study of 153 sporting boys in the North West Province in 

South Africa versus 48 non-sporting boys a difference of 0.28s over 10m and 0.89s over 40m. 

Duvenhage (2012:67) attributes the differences in speed over 10m and 40m to anthropometric 

differences such as greater muscle mass and a lower fat percentage in sports participants 

compared to non-sporting participants. Wong et al. (2010:650) did a study on 62 u/14 soccer 

players, and subjected 28 boys to a 12 week combined strength and power training programme. 

The speed over 10m of the experimental group improved from 2.05s pre-test to 1.95s post-test 

compared to 2.07 pre-test to 2.04 post-test of the control group who did no extra training except 

their daily soccer training. Takai et al. (2013:62) found in their study a 5% improvement of speed 

of 36 boys aged 13.7 years compared to a 2.9% improvement in the speed of the control group. 

Participants in the experimental group did an extra 100 body weight squats per day, 4-6 days 

per week, for eight weeks.  

2.6.4 Agility training 

Recognizing the close relationship between strength, speed, and endurance as well as 

coordination and agility allows both instructor and sports participants to understand the 

multilateral process. The higher the levels of strength and speed the easier the development of 

coordination and agility (Bompa, 2000:44). Agility requires strength, power and endurance, 

therefore as sports participants develop speed and power they will become more agile (Sharkey 

& Gaskill, 2006:117). Pearson et al. (2006:282) argue that agility can improve up to 20% during 

adolescence. In a study by Pittoli et al. (2010:284) on 42 Brazilian soccer players compared to 

45 non-players a small but linear improvement of agility was seen from ages 11- to 15-years in 

the non-players. The improvement of agility was substantial bigger in the players between the 

ages of 11- to 12-years and 13- to 14-years, with only a small negative improvement between 

ages 14- to 15-years (Pittoli et al., 2010:284). The 42 soccer players only did speed and agility 

specific exercises. This can be explained by the fact that boys at age pre-PHV (11- to 12-years) 

who do specific training show better improvement because of neural adaptation to specific 

training (Meyers et al., 2015:92). Duvenhage (2012:60) found that agility (as tested with the 505 

Agility test) of 153 boys who competed in sport were 0.3s better than that of 48 boys who did 

not compete in sports.  

2.7 TRAINING AND ITS POTENTIAL EFFECTS ON GROWTH DURING MID-

ADOLESCENCE 

Scientific reports of training that affected pubertal growth negatively are scarce (Naughton et al., 

2000:320). A recent position statement paper from the National Strength and Conditioning 

Association (Faigenbaum et al., 2009:66) documented that children and adolescents can gain 
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real benefits from participating in well-designed and carefully supervised strength programmes. 

A wide variety of resistance training programmes from single set sessions on weight machines 

to progressive, multi-set training protocols on different types of equipment have proven to be 

efficacious (Santos & Janeira, 2008:904; Takai et al., 2013:61; Wong et al., 2010:647). Training 

modalities have included weight machines and child size free weights hydraulic machines, 

medicine balls elastic bands, isometric contractions and body weight exercises (Faigenbaum et 

al., 2009:4).  

Naughton et al. (2000:320) describe the results of a study by Baxter-Jones and Helms 

(1996:320) on elite junior athletes with the aim to determine the effect of strength training on 

growth from different sporting codes profiled over three years, where the ages of the 

participants ranged from eight- to 16-years. The young participants remained on the same 

growth percentile for height and weight over the three year period. The absence of a downward 

shift in percentile rankings suggested that sports specific intensive training was not delaying 

growth during the years of measurement (Naughton et al., 2000:320). The preceding 

comparisons of the growth status of sports participants to reference data for non-sports 

participants clearly indicate that young sports participants grow in a manner similar to non-

sports participants and that much of the variation in body size is associated with variation in rate 

of biological maturation (Malina et al., 2004:461). On the other hand, training is a significant 

factor affecting body composition, performance, and physiological parameters, implying that 

some of the variation between sports participants and non-sports participants represents an 

interaction between innate and acquired individual differences and various selective 

considerations for sport participation (Malina et al., 2004:461).  

Parizkova and Carter (1976:338) did a longitudinal study of eight years on 39 boys from age 11 

until 18 years to examine the stability of somatotypes of boys with different activity levels. 

Parizkova and Carter (1976:338) divided the boys into three groups according to their level of 

activity during the week. Group one participated for more than four hours of moderate to 

vigorous physical activity or exercises, group two participates in exercised two to four hours per 

week and group three did less than two hours of physical exercises per week. Although 

somatotypes of boys changed during the eight years of growth, no significant differences could 

be found among the three groups with different activity levels (Parizkova & Carter, 1976:338). In 

a review study of the effect of resistance training programmes for boys during early-puberty and 

the potential influence on growth (Malina, 2006:484), nine studies (each had an experimental 

and control group) found that resistance training of eight to 20 weeks did not influence growth in 

height, weight and estimates of body compositions of the experimental groups (Malina, 

2006:484). In another review study by Malina et al. (2013:789) on the role of training on the 
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growth and maturation of artistic gymnasts, the available evidence does not support the 

suggestion that adult height of male gymnasts is compromised by intensive gymnastic training 

at young ages (Malina et al., 2013:484). 

A phenomenon of a temporary decline in performance or a disruption of motor coordination 

called the ‘‘adolescent awkwardness’’ is, however, documented in the literature. Because of its 

temporary character, the awkwardness tends to depend more on individual patterns and 

changes in growth and performance (Beunen & Malina, 1988:511; Butterfield et al., 2004:227). 

There is a brief period during which trunk length increases relative to the legs, and this 

contributes to new problems of balance, while the muscles have yet to reach their full size and 

strength (Tanner, 1981:49). This period seldom lasts more than six-months, but may bring about 

temporary problems in young male athletes (Tanner, 1981:49). During mid-adolescence, a 

period of rapid growth, boys experience a temporary loss of coordination and speed caused by 

the change in their centre of gravity and a variation in body proportions caused by growth 

gradients of different body segments (Balyi et al., 2013:71; Cameron, 2014:9; Malina et al., 

2004:322). Although research shows that training during adolescence does not have a 

significant effect on growth, but rather temporary disruptions, another concern is the risk of 

injuries during this sensitive growth period of participants subjected to training. Literature 

findings in this regard will now be explored. 

2.8 INJURIES AND RISKS DURING ADOLESCENCE FOR BOYS COMPETING IN SPORT 

AND IN TRAINING PROGRAMMES 

Maffulli and Pintore (1990:239) report that the greatest incidence of injury in any sporting group 

occurred in 11-16 year old sports participants. A drop-off in sit-and-reach scores for males 

around age 12 are reported by researchers (Gallahue & Ozmun, 2006:340). This may be 

associated with the growth spurt during which the long bones are growing faster than the 

muscles and tendons (Gallahue & Ozmun, 2006:340). Boys are also very prone to overuse 

injuries during mid-adolescence because of muscle imbalances and improper alignment (Micheli 

& Natsis, 2013:511).  The relative weakening of the bone during this stage of growth, muscle 

imbalances between the flexor and extensor groups around a joint, and the relative tightening of 

the muscle-tendon units spanning rapidly growing bones are risk factors for overuse injuries 

(Beachle & Earle, 2008:143). The zones of ossification are sensitive and liable to injury and 

damage (Reilly & Stratton, 1995:210). Heavy loads, unilateral burdens or faulty techniques 

should therefore be avoided in order to take care of the cartilage of the epiphysis (Reilly & 

Stratton, 1995:210). Attention has to also be paid to arthromuscular dysbalances and to a 

possible onset of osteochondritis (Israel, 1991:321). The undisturbed rapid growth during 
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puberty does not call for physical restrictions but certain precautions in carrying out strength 

exercises are warranted (Israel, 1991:321).  

Muscle imbalances between adjoining muscle groups are also common in sports participants 

(Micheli & Natsis, 2013:511). It may be caused by asymmetric muscle use that reflects the 

special demands of the sport for example excessive strength and tightness of the hip abductors 

in relation to weak and overstretched adductors in dancers (Micheli & Natsis, 2013:511). Muscle 

imbalances can also be induced by the growth process during adolescence, for example the 

iliotibialband (ITB) has a tendency to become stronger and tighter than the vastusmedialis 

(VMO) (Micheli & Natsis, 2013:511). Other muscle imbalances are seen in the lower back and 

the legs. Micheli and Natsis (2013:511) further report that the consequences of muscle 

imbalances are threefold. First, imbalances can cause stresses to the underlying tissues. For 

example, excessive tightness of ITB cause trochanteric bursitis and ITB friction syndrome. 

Tightness of gastrocnemeus, soleus and Achilles tendon can cause Achilles tendinopathy and 

plantar fasciitis; second, they can pull certain parts of the anatomy out of alignment; 

patellofemoral pain is caused due to the imbalance between vastus medialis and vastus 

lateralis which results in lateral tracking of the patella (Micheli & Natsis, 2013:511). Weak spinal 

postural stabilizing muscles can cause lordosis (Micheli & Natsis, 2013:511). This posture 

problem in turn predisposes the sports participants to overuse injuries of the lower back, such 

as herniated disk and spondylolysis, and thirdly, they may interfere with proper foot strike, for 

example, a loss of flexibility as a result of growth causes tightness in muscles like the psoas, 

hamstrings and gastroc-soleus-Achilles tendon unit. This, in turn, affects the biomechanics of 

running in athletes, where they may develop a much briefer than normal foot strike which 

interferes with an optimally relaxed heel-to-toe foot strike. This causes increased stress 

absorption and leads to stress fractures (Micheli & Natsis, 2013:511). 

In contact sports like rugby the risk of injury may increase when boys of the same chronological 

age but different maturational ages compete against each other, because of the difference in 

size or stature and strength (Reilly & Stratton, 1995:208). 

Knowledge of these risk factors that are the result of rapid growth can contribute to better 

management of these risk factors in young athletes during the early training years, as acute and 

overuse injuries can be reduced by 15-50% according to Micheli and Natsis (2013:505). 

The application of well-designed, age-appropriate training programmes conducted by 

knowledgeable coaches who understand the effect of rapid growth during the mid-adolescence 

period is also clear from this background. 
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2.9 SUMMARY 

This literature overview aimed to provide an overview of the changes in physical (muscle 

strength) and motor fitness (speed, agility, and explosive power) capabilities of boys during mid-

adolescence and the interrelationships of these changes with rapid growth. The literature review 

also investigated literature findings regarding the role of the growth spurt on training of these 

physical and motor fitness capabilities during this period. It also focused on possible negative 

effects of the growth spurt, such as on performance and the risk of increased injuries during 

mid-adolescence. The LTAD model of Balyi and Way has long been used as a guide for 

coaches and scientists to incorporate age-appropriate training of specific motor fitness 

capabilities taken into consideration human growth, development and maturation of boys. This 

model is described in the review.  

This review established that much research has been done on the describing characteristics of 

the developing boy aged 12- to 15-years to define adolescence and the influence of puberty and 

the growth spurt during these years. Individual variability in anthropometrical and motor 

performance developmental trends contributes to early and late maturers which will always be a 

cause of differences in the skill and fitness development of children with the same chronological 

age. This review also studied literature regarding the developmental trends of motor fitness 

capabilities and their interrelationship with anthropometric characteristics. This review found that 

there is a significant relationship between anthropometric and physical capabilities during mid-

adolescence. Although this review highlights that intense training during mid-adolescence poses 

a threat in terms of overuse injuries because of muscle imbalances, improper alignment and 

temporary loss of coordination due to a change in center of gravity and variation in body 

proportions, it also reports research that indicated that knowledge about these risk factors can 

contribute to better management and programing of training programmes for young sports 

participants.  

Although scientific reports were found that stated the effect of training on growth and a good 

description of the windows of accelerated adaptation to training is done by Balyi et al. (2013:69), 

very little scientific evidence could be found on the effect of growth during mid-adolescence on 

training of strength, power, speed and agility with this findings as a background, chapters three 

and four will report the findings of this study. 

The following chapters three and four will discuss the results of the study. 
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ROLE OF THE GROWTH SPURT IN SPEED AND AGILITY TRAINING 

OF 13- TO 15-YEAR OLD MID-ADOLESCENT BOYS 

3.1 ABSTRACT 

Objectives: To determine whether a speed and agility training programme can counter the 

possible negative effects of growth on boys aged 13- to 15-years.  

Methods: A two-group pre-test post-test design was used. A convenience sample (N=86) of 

boys, aged 13.6 ± 0.26SD years at baseline was divided into a group of sports participating 

boys (n=47), EG who were subjected to a strength, speed, power and agility training 

programme for the first six months of every year, two times per week for 45 minutes, and 

compared to a control group (CG) (n=39) of non-sports participating boys who were not 

exposed to any training programme. Both the experimental group (EG) and CG were sub-

divided further into growth groups, late developers (LD), early developers (ED) and typical 

developers (TD). Speed, agility and anthropometric measurements (stature, body mass, fat 

percentage, sitting height) were taken every six months. Correlations were determined between 

anthropometric, physical and motor fitness changes while hierarchical linear modelling was 

used to analyse differences among the three measuring points over the two year period. 

Practical significance of differences was determined by using the cut-off values of Cohen. 

Results: Speed and agility increased nonlinearly in both groups. The biggest increase in the 

first six months was in speed while agility increased most in the following six months. Moderate 

correlations were found between changes in speed and agility and anthropometric 

measurements confirming an interrelationship during mid-adolescence between these variables. 

Both the EG and CG showed negative effects of growth on the development of speed and 

agility. ED benefited most from the speed and agility training programme 

Conclusion: Although segmental growth could have influenced the development of speed and 

agility, participation in sport and a generalised strength, power, speed and agility training 

programme can counter this negative effect on the further development of speed and agility in 

boys during mid-adolescence. 

Keywords: Speed; agility; boys; mid-adolescence 
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3.2 INTRODUCTION 

Motor fitness capabilities like running, sprinting and agility are key fundamental abilities (Rimmer 

& Sleivert, 2000; Sheppard & Young, 2006) to excel in most sports such as athletics, rugby, 

soccer, field hockey and cricket (Chiwaridzo, Ferguson & Smits, 2016). These abilities are 

known to develop in a nonlinear fashion throughout childhood and adolescence (Malina, 

Bouchard & Bar-Or, 2004) with accelerated development of speed during both pre-adolescence 

(age seven to nine years) and adolescence (age 12 to 15 years) (Balyi & Way, 2005).  

Adolescence is characterised by immense hormonal and physical changes (Blakemore & 

Choudhury, 2006). This transition from childhood to adulthood is also characterised by 

noteworthy changes in identity, self-consciousness and cognitive flexibility, while the most 

dominant and influential change is biological growth (Blakemore & Choudhury, 2006; Malina et 

al., 2004). The adolescent growth spurt, which is a result of biological growth, is a period of 

accelerated growth of the body that lasts about four years. During this period of accelerated 

growth, sports participation in boys is positively associated with development and changes in 

various physical and motor performance and anthropometric components (Bergeron, 2007; 

Gerber, Pienaar, Kruger & Ellis, 2014). Due to body composition and hormonal changes which 

result in increasing muscle mass and the maturation of the nervous system (Faigenbaum, 2000; 

Jenkins, 2005), the mid-adolescent phase poses the opportunity to develop, additionally to 

natural growth and development, certain motor capabilities and fitness components like speed 

and agility (Balyi, Way & Higgs, 2013). 

Research confirms maturity-related development of speed and agility capabilities during the 

mid-adolescent years (Gerber et al., 2014; Malina, 2014). These changes associated with the 

transition into puberty, influence motor coordination during adolescence in boys with the largest 

variances at ages 13- to 14-years, the same age as the occurrence of Peak Height Velocity 

(PHV) (Freitas, Thomis, Lausen & Leferve, 2016). Upon the time of reaching PHV speed 

improvement is likely due to increased limb length and improved relative force production that 

contribute to increased stride length (SL) (Meyers, Oliver, Hughes, Cronin & Lloyd, 2015). The 

time around PHV (11- to 14-years) (Jenkins, 2005; Malina et al., 2004) is important in the 

improvement of speed in boys (Meyers et al., 2015)  as speed is likely to be influenced by peak 

gains in strength and power, once again as a result of increases in muscle mass and 

testosterone concentrations (Lloyds, Oliver, Hughes & Williams, 2011). Studies (Beunen, Ostyn, 

Simons, Renson & Gerven, 1981; Beunen et al., 1997) showed that individual differences in 

maturity status which are most marked during adolescence in boys influence motor performance 

which contributes to the phenomenon of earlier and later maturity (Beunen et al., 1981; 1997). 

They furthermore report that stature and body mass accounted for a 17% of variance in the 
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motor fitness in boys (Beunen et al., 1981; 1997). Freitas et al. (2016) also report that skeletal 

maturity status explained a small but noticeable variance of 8.1% in motor coordination of boys 

aged 12- to 14-years. 

Peak gains in shuttle run performance which is a test for agility are reported before the age of 

PHV (Beunen & Malina, 1988; Malina et al., 2004). Phillippaerts et al. (2006) report a negative 

influence of the growth spurt on the development of speed and agility of sports participants 

during the 12 months period before age at PHV. In this matter Jenkins (2005) describes this 

occurrence as adolescent awkwardness, a period of time during the growth spurt that is 

accompanied by a temporary disruption in motor performance that is primarily found in boys 

aged 13 to 14 years.  Muscle imbalances, poor core muscle control and temporary loss of 

coordination due to differential rates of growth in different body segments that contribute to 

variation in body proportions are indicated as possible reasons for this period of adolescent 

awkwardness (Balyi et al., 2013; Cameron, 2014; Faigenbaum et al., 2009; Freitas et al., 2016; 

Malina, 2014). Clark and Metcalfe (2002) additionally report that when the physical features of 

the body change in such drastic measures, the Central Nervous System (CNS) has to make big 

adaptations to accommodate such changes and adapt to the new segmental forces which in 

turn will impact on the execution of motor skills. Positive and negative gains in speed and agility 

can therefore be a result of rapid growth, while these abilities can also be developed through 

training (Roozen & Suprak, 2012). 

As children grow and develop there are times that are described as sensitive periods when 

practice and training will have the greatest effect on physical capabilities like strength, speed 

and endurance (Balyi et al., 2013). These “sensitive periods” provide a special opportunity to 

train and develop important skills and physical capabilities that will impact sport performance 

through the life span (Balyi et al., 2013). Balyi et al. (2013) highlight two windows of accelerated 

adaptation to speed training, including the age period between ages seven to nine, where 

increases in speed can be attributed to neural adaptation or neuromuscular maturation (Balyi et 

al., 2013). The second window falls within the adolescent years of boys (age 13- to 16-years) 

and provides the opportunity to improve the anaerobic lactic power and capacity within an 

individual through training (Balyi et al., 2013). Speed development incorporates linear and 

lateral speed, change of direction, agility and deceleration (Balyi et al. 2013; Lockie, Schultz, 

Callaghan & Jeffries,  2014) and consists of the following components: stride length (SL), stride 

frequency (SF), flight time (FT) and contact time (CT) (Meyers et al., 2015). 

To accommodate the changes and awkwardness of body proportions and muscle imbalances 

caused by the adolescent growth spurt and make most of the window of opportunity of 

trainability that becomes available during this period, it would be best to subject boys 13- to 15-
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years to conditioning programmes (Balyi and Way, 2005). These researchers argue that the 

conditioning programme will improve capabilities such as speed and agility in order to improve 

sporting abilities that will be needed in the later stages of the Long-term athlete development 

(LTAD) model, of the Training to Win stage (Balyi & Way, 2005). Researchers report improved 

speeds in boys aged 13 to 14 years after they had been subjected to training programmes that 

focused on the development of strength and the rate-of-force development to make optimal use 

of the maturity-related changes in circulating androgens and increased muscle mass 

(Duvenhage, 2012; Meyers et al., 2015; Takai et al., 2013; Wong, Chamari & Wisloff, 2010). 

However, this period of rapid growth is also associated with a higher risk of injuries which 

highlight the importance of sound training programmes during a development programme 

(Bompa, 2000; Adirim & Cheng, 2003; LaBella, 2007). 

The development of speed and agility during adolescence (Baechle & Earle, 2008; Gerber et al. 

2014; Meyers et al., 2015; Pearson, Naughton & Torode, 2006; Pienaar & Viljoen, 2010; 

Pillippaerts et al., 2006; Spencer, Pyne, Santisteban & Mujika, 2011), and also trainability of 

speed and agility (Duvenhage, 2012; Takai et al., 2013; Wong et al., 2010) during the sensitive 

periods of accelerated adaptation as identified by Balyi et al. (2013), is well researched. 

Researchers have also studied the interaction and correlation between anthropometric changes 

and the development of speed and agility (Baechle & Earle, 2008; Gerber et al., 2014; 

Phillippaerts et al., 2006; Sheppard & Young, 2006). None of these studies had as a primary 

aim the effect of the growth spurt on the training of speed and agility. This study therefore aims 

to address the short commings in the literature regarding how the growth spurt will affect 

training and improvement of speed and agility during the mid-adolescent period in boys. The 

findings of this study will provide scientists with a better understanding of how the growth spurt 

will affect the training of motor and physical capabilities such as speed and agility in mid-

adolescent boys. 

3.3 METHODS 

3.3.1 Research group 

The Health Research Ethics Committee of the Faculty of Health Sciences of the North-West 

University approved the study (NWU-00330-15-A1). The parents of all grade eight boys (N=145) 

received a parental permission consent form containing all the information explaining the 

purpose and objectives of the study as well as the procedure of all the tests. Parents had the 

opportunity to ask questions at an information meeting held at the school or to contact the 

researcher via e-mail or telephone. All parents or legal guardians and participants themselves 

voluntarily signed consent and child assent. The participants were all healthy boys from one 
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school in their grade eight year who were able to participate in physical activities (N=145), which 

was determined by a self-compiled pre-test health screening questionnaire. The boys 

represented all levels of physical capability, from boys who did not participate in any sports to 

boys who competed in sport up to national level. The boys were all recruited from one state 

governed high school in the Mpumalanga Province within the Mbombela Local Municipality area 

of South Africa, namely Nelspruit. Nelspruit is classified as a city with a high socio-economic 

status, which is surrounded by small towns such as Komatipoort, Sabie and Malelane that are 

classified as rural areas with farming communities. KaNyamazane a Township area near 

Nelspruit is considered a low socio-economic area. Children attending Nelspruit high school are 

enrolled from all over these Lowveld areas and can attend this school because of boarding 

facilities. The leaners enrolling into the school therefore came from different primary schools 

and areas and represent different socio-economic backgrounds. However, the group of learners 

cannot be considered to be representative of the adolescents' population, either of the 

Mbombela Local Municipality area or of South African adolescents in general. All 145 grade 

eight boys who enrolled in the school were recruited and invited to participate in the study. 

Forty-seven of these boys were categorised into the experimental group (EG) because they 

took part in school sports, namely rugby, field hockey, cricket and athletics. They were also, 

apart from training in their different sporting codes, subjected to a sports training programme 

two times per week for 45 minutes. A control group (CG) of thirty-nine boys was also selected 

from the initial sample who did not compete or train in any sports and who can be described as 

non-sports participants. They were used as a reference group for biological growth that took 

place during this period, without a training effect. The remaining 59 boys were excluded from 

the study because they participated in other sports that are not part of the school’s sporting 

codes, like swimming, mountain biking, gymnastics and tennis. Both main groups (EG & CG) 

were divided further but only for statistical purposes, in three sub-growth groups based on the 

age at PHV. The age at PHV was also used as an indication to separate the late and early 

developers. This division in each of the EG and CG was done to determine the co-founding 

influences of early, late and average or typical development during this period on the effect of 

the training programme. 

3.3.2 Research procedure 

The research design is based on a convenience sample consisting of a two-group pre-test post-

test design, where one group was subjected to a strength, speed, power and agility sport 

training programme for the first six months of every year twice a week in the afternoon after 

school for 45 minutes. The control group of non-participating boys was not exposed to any 

training programme. The study spanned a period of two-years, with the baseline measurements 
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in the beginning of the Grade eight year of the boys (February 2015), when they had a mean 

age of 13.68 ± 0.26 SD years. The final measurements were done during their Grade nine year 

in August 2016 when they had a mean age of 15.2 ± 0.31 SD years. Both the EG and CG 

underwent a complete fitness evaluation twice per year during February and August (Feb 2015, 

Aug 2015, Feb 2016, Aug 2016), representing a baseline and three additional time point 

measurements over the two-year period.  

3.4 MEASUREMENTS 

Anthropometric, motor and fitness measurements were taken at each measuring point. The 

anthropometric variables were measured firstly in an enclosed area after which the physical and 

motor fitness measurements were completed in the gymnasium and on the sports field. The 

participants had to rotate in small groups between the stations. Sufficient rest periods were 

allowed between the tests to prevent exhaustion from having an influence on optimal 

performance of the participants. The testing protocol for anthropometric growth and physical 

and motor capabilities consisted of eight tests, which included four anthropometric tests 

(stature, body mass, sitting height and fat percentage) and four motor fitness tests (10m and 

40m speed, agility T-test and shuttle runs). A combination of protocols from The Australian 

Sport Search Program (Australian Sports Commission, 1996), the U.S Navy Physical Readiness 

test (Bartlett, Phillips & Galarneau, 2015) were used and combined with a few additional field 

tests such as the 5-m multiple shuttle test (Boddington et al. 2001), the seven-stage abdominal 

strength test (Kuro, 2008) and relative load test (Brown & Weir, 2001).  

3.4.1 Anthropometric measurements 

The anthropometric measurements were made by a qualified Exercise scientist, who was 

trained according to the international standards for anthropometric assessment (ISAK) protocol 

(Marfell-Jones, Olds, Stewards & Carter, 2006). Body stature and sitting height were determined 

with a Harpenden stadiometer. Stature was measured while standing with the back against the 

stadiometer (Seca 206, Germany) and the feet together. The heels, buttocks and upper back 

had to be in contact with the stadiometer and the head held in the Frankfort position. While the 

subject inhaled deeply in this position, the measurement was taken to the nearest 0.1 cm. 

Sitting height was measured while sitting flat on the stadiometer with the back against the 

stadiometer and the knees bent slightly. The head of the subject was held in the Frankfort 

position by the administrator and the measurement was taken to the nearest 0.1 cm after 

lowering the arm of the stadiometer onto the subject’s head (Marfell-Jones et al., 2006). Sitting 

height ratio was calculated by using a formula: sitting height/stature x 100. Mass was taken with 

a calibrated electronic scale (SOEHNLE, Germany) with the subject standing upright with his 
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weight evenly distributed on the scale and his arms next to his sides. The measurement was 

taken to the nearest 0.1 kg, while the subject had to look straight ahead. The six skin folds, 

triceps, subscapular, iliac, abdominal, front thigh and calf thicknesses were measured by one 

researcher using a Harpenden calliper (Gima, Modena, Italy) according to standard (ISAK) 

protocol procedures (Marfell-Jones et al,. 2006). Two measurements were taken at each site, 

and the average of the two readings was calculated as the score. Fat percentage was 

calculated by using a formula: (sum of six skinfolds x 0.1051) + 2.585 (Topendsport). 

3.4.2 Motor fitness measurements 

Speed was measured over a distance of 40m with the Fusion Sport Smart Speed-System 

(Fusion Sport Pty Ltd, 2009). The test is executed from a stationary position from where the 

participant has to accelerate and run through a series of infrared photoelectric gates that record 

horizontal velocity through each gate. The procedure involves sprinting 40m in total, running 

through the first pair of gates (10m) and the last pair of gates (40m). The better of two attempts 

for both 10m and 40m is taken in seconds to the nearest 0.01sec, with two minutes rest 

between attempts. For agility the T-test requires of the participant to touch a series of cones set 

out in “T” shape whilst side stepping and running as fast as possible. Place three cones five 

metres apart on a straight line (A, B, C) and a fourth cone (D) is placed ten metres from the 

middle cone (B) so that the four cones form a 'T' (Fig 1). The participant stands at the cone (D) 

at the base of the “T” facing the “T”.  The participant runs to and touches the middle cone (B), 

side-steps five metres to the left cone (A) and touches it, side-steps ten metres to the far cone 

(C) and touches it, side-steps five metres back to the middle cone (B) and touches it and then 

runs ten metres backwards to the base of the 'T' and touches that cone (D). Time from start to 

finish is recorded. The better of two attempts is taken in seconds (Pauole, 2000). 

Figure 1: Agility T-Test 
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The 5-m Multiple Shuttle test (5-m MST) required the subjects to sprint between a series of six 

beacons spaced five meters apart in a straight line to cover a total distance of 25m. Subjects 

were instructed to perform maximally throughout the whole test. Each subject started the test in 

line with the first beacon (A), and upon an auditory signal sprinted five meters to beacon B, 

touched the ground adjacent to the beacon with their hand, and returned to beacon A, touching 

down on the ground adjacent to the beacon with the hand again. The subject then sprinted ten 

meters to the third beacon C, and back to beacon A, etc., until an exercise period of 30 seconds 

had elapsed. The distance covered by each subject was recorded to the nearest 2.5m during 

each 30-second shuttle. Thereafter there was a 35-second recovery, during which the subjects 

walked back to beacon A, the participant did a total of six shuttle runs of 30s each. The totals of 

all six runs were recorded (Boddington, Lambert, Gibson & Noakes, 2001) 

3.4.3 Sports participation frequency 

Participants completed a health screening questionnaire during their first evaluation to report on 

their current health and fitness and family medical history. The sports participation frequency of 

each participant was determined by means of a self-compiled questionnaire where the 

participant had to indicate his sports participation and training frequency by ticking the different 

sports that he participated in and the number of days and hours per day (frequency and 

duration) he spent at training for a particular sport. Injuries during the two-years, time of the 

programme and treatment of injuries were monitored by the Exercise scientist. 

3.4.4 Training protocol and implementation 

The boys in the EG took part in one or more school sports that included athletics, rugby, field 

hockey and cricket. The boys practised sport specific skills three days per week with a school 

sports coach. These sessions consisted of 60min of drills and techniques that applied to the 

relevant sport of each participant. Additionally they took part in one session of speed and agility 

training and one session of strength and power training for two additional days per week in the 

afternoon for 45min per session. This programme was compiled by a registered Sports Scientist 

who was also responsible for the adjustment and progression of the programme throughout the 

six-months. One session was a combined session for resistance training (own body weight 

exercise, elastic resistance bands, gym apparatus and free weights) and plyometrics (skipping 

ropes, plyometric jumping box). Each session consisted of 12 exercises that were made up of 

five strength exercises (leg extensions, leg curls, squats, sit-ups and bench presses), four 

plyometric exercises (skipping, box jumps, front and sideways and depth jumps) and three 

combinations of strength and plyometric exercise (lunge jumps, squat jump with high pull, 

burpee to pull up). At the start of the six-months each exercise was done with light to medium 
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weights for 15 to 20 repetitions, and every exercise was repeated three times, with emphasis on 

technique. As the participants improved their conditioning and skill in the proper technique the 

weight increased and repetitions decreased to ten repetitions. The second session was made 

up of 45min of speed and agility training (speed ladders and hurdles, weighted sleds and 

parachutes) with the focus on improvement of foot speed, acceleration balance and 

proprioception. At the start of the six-months in February of each year, the session focused on 

proper sprinting mechanics, short distances of 10 to 20 metres were used and no more than 

four hurdles and speed ladders with four blocks were used. As participants mastered the skills, 

techniques and exercises during the six-months the distances were increased up to 80m and 

the numbers of hurdles and length of the speed ladders were also increased. 

3.4.5 Statistical analysis 

The data were analysed with “Statistica for Windows” (StatSoft, 2015) and with SAS 9.3 Level 

TS L1MO (2000–2010). Data were analysed for descriptive purposes using means (M), 

standard deviations (SD), minimum and maximum values and lower and upper quartiles 

(Statsoft, 2015). Spearman correlations analysis was done to determine relationships between 

changes in anthropometric and physical and motor fitness measurements. A hierarchical linear 

model was used to analyse differences between the three measuring points over a period of 

two-years within the group for all variables. Practical significance of differences between means 

was determined according to Cohen’s d-value 0.25 (small), 0.55 (medium), and 0.85 (large) 

(Cohen, 1992). 

3.5 RESULTS 

Table 1 reports the baseline and follow-up descriptive characteristics of the research group 

divided into an experimental (EG, N=47) and a control group (CG, N=39) with a mean total 

group age of 13.68 ± 0.264 SD years at baseline. During the study’s two year timeframe no loss 

of participants was recorded. Table 1 further reports the distribution of the participants as 

classified as early (ED), late (LD) and typical developers (TD) in both the EG and CG groups. 

The biggest sub-group in both the EG and CG groups was the TD’s (n=32 and n=33), while 

early and LD were more evenly distributed in numbers with fewer participants in these 

subgroups in both the EG and the CG groups. The mean chronological age of each group and 

the sub-groups consisting of early, late and typical developers at the beginning of the study in 

their Grade eight year indicate that the LD group (n=8) was the youngest with a mean age of 

13.5 years and the ED (n=7) the oldest, 13.85 years with the TD who fell in the middle 13.66 

years.  
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Table 1:  DESCRIPTIVE INFORMATION FOR THE GROUP OVER TWO-YEARS 

 N n Sport participation Mean Age SD 

 
 

Year 1 
Feb 2015 

(GR8) 

EG LD. 47 7 5=1 Sport 
2=2 Sports 

13.52 0.28 

ED  8 1=1 Sport 
7=2 Sports 

13.85 0.23 

TD  32 15=1 Sport 
13=2 Sports 
4=3 Sports 

13.66 0.28 

CG LD 39 4  13.38 0.21 

ED  2  14.05 0.01 

TD  33  13.62 0.26 

 
 

Year 2 
Feb 2016 

(GR9) 

EG LD 47 7 5=1 Sport 
2=2 Sports 

14.56 0.28 

ED  8 1=1 Sport 
7=2 Sports 

14.89 0.23 

TD  32 15=1 Sport 
13=2 Sports 
4=3 Sports 

14.70 0.28 

CG LD 39 4  14.42 0.21 

ED  2  15.09 0.01 

TD  33  14.66 0.28 

EG=Experimental Group, CG=Control Group; LD=Late developers, ED=Early developers, 
TD=Typical developers; N= amount of participants for EG & CG; n= amount of participants for 
each sub-group; Sport participation = number of participants per development group that 
participated in either one, two or three school sports; SD= standard deviation 

 

The descriptive characteristics of the different developing groups in the EG also reveal that the 

sport participation frequency of boys is most probably influenced by their developmental stage. 

The sports participation frequency of the TD, who was also the biggest group, showed 

participation in at least two sports with a more even distribution, between participating in one 

sport (n=15) and two sports (n=13) while participation in three sports (n=4) was also recorded. 

LD tend to participate in mostly one sport where as the ED mostly participated in two school 

sports. 

Tables 2 and 3 show the results of the correlation analysis between the changes in body 

composition characteristics, including height, weight, fat% and sitting height and 10m and 40m 

motor fitness measurements for the group over the study period of two-years (T1-T4), divided 

into six month periods and the total period (T1-T4). Only small significant correlations were 

found between 10m speed and height during T3–T4 and over the entire study (T1-T4). In mass 

and especially fat percentage changes were significantly associated with changes in 40m sprint 

performance, although mostly in the T2-T3 period (Table 2). Height increase and 40m sprint 

performance correlated over the total period T1–T4.  
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With regard to agility (Table 3), the T-test showed a small significant relationship between 

changing height and fat mass in the T2-T3 and overall (T1-T4) periods. The shuttle run was the 

only performance ability that showed a small significant relationship in T1-T2 with changes in fat 

mass and this relationship was still evident in T2-T3. These relationships confirmed an 

interrelationship between body composition and motor fitness changes in speed and agility 

which subsequently motivate further analysis of the results displayed in tables 4 and 5. 

Table 2: CORRELATIONS BETWEEN CHANGES IN BODY COMPOSITION 

CHARACTERISTICS AND CHANGES IN SPEED 

Variable 

10m 40m 

T1 - T2 
 

T2-T3 
 

T3-T4 
 

T1-T4 T1 - T2 
 

T2-T3 
 

T3-T4 
 

T1-T4 
Height 
T1-T2 

 

0.02 -0.02 -0.08 -0.03 -0.02 -0.09 -0.05 -0.05 
T2-T3 

 

-0.11 0.04 -0.10 -0.20 -0.16 -0.07 -0.14 -0.28* 
T3-T4 

 

0.09 0.18 -0.29* -0.03 0.15 0.03 -0.11 0.10 
T1-T4 -0.04 0.11 -0.23* -0.18 -0.05 -0.02 -0.18 -0.16 
Mass 
T1-T2 

 

0.02 -0.13 0.11 0.02 -0.03 -0.19 0.14 -0.04 
T2-T3 

 

-0.02 0.15 -0.06 0.02 -0.02 0.21* -0.13 -0.03 
T3-T4 

 

0.01 -0.01 -0.01 -0.04 0.06 -0.15 0.05 -0.02 
T1-T4 -0.01 0.07 -0.02 -0.01 0.01 0.02 -0.03 -0.04 
Fat % 
T1-T2 

 

-0.17 0.05 0.06 -0.12 -0.26* 0.23* 0.02 -0.14 
T2-T3 

 

0.11 0.07 -0.07 0.15 0.18 0.07 -0.05 0.23* 
T3-T4 

 

0.07 -0.20 0.07 -0.01 0.01 -0.19 0.13 -0.05 
T1-T4 0.04 -0.05 0.10 0.08 0.01 0.10 0.12 0.10 
Sitting 
Height  
T3-T4   0.09    -0.05  
Marked correlations are significant at p<0.05; r = 0.1 = small*; r = 0.3 = medium**; r = 0.5 = large***;  

T1-T2=Difference between measurement one and two (six-months); T2-T3=Difference between 
measurements two and three (six-months); T3-T4=Difference between measurement three and four (six-
months); T1-T4=Difference between first and last measurements (two-year period) 
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Table 3:  CORRELATIONS BETWEEN CHANGES IN BODY COMPOSITION 

CHARACTERISTICS AND CHANGES IN AGILITY 

Variable 

T-Test Shuttle run 

T1 - T2 
 

T2-T3 
 

T3-T4 
 

T1-T4 
 

T1 - T2 
 

T2-T3 
 

T3-T4 
 

T1-T4 
Height 
T1-T2 

 

0.12 -0.07 -0.17 -0.04 0.03 0.09 -0.08 0.06 
T2-T3 

 

-0.12 -0.25** 0.05 -0.14 0.05 0.01 -0.04 0.08 
T3-T4 

 

0.14 0.09 0.21 0.22** -0.03 -0.03 0.05 -0.06 
T1-T4 0.01 -0.15 0.06 -0.02 0.06 0.00 -0.02 0.07 
Mass 
T1-T2 

 

-0.08 -0.18 -0.09 -0.16 -0.04 0.11 0.03 0.10 
T2-T3 

 

-0.02 0.10 0.13 0.10 0.16 -0.27** -0.03 -0.13 
T3-T4 

 

0.01 -0.16 0.04 -0.06 -0.10 0.09 -0.12 -0.04 
T1-T4 -0.05 -0.08 0.06 -0.03 0.07 -0.09 -0.10 -0.07 
Fat % 
T1-T2 

 

-0.04 -0.07 -0.08 -0.07 0.23* 0.00 0.04 0.28* 
T2-T3 

 

-0.01 0.35** 0.16 0.23* -0.23* -0.03 0.05 -0.35* 
T3-T4 

 

0.11 -0.16 0.01 -0.04 0.05 -0.08 -0.09 -0.00 
T1-T4 0.04 0.17 0.15 0.16 0.00 -0.10 -0.02 -0.13 
Sitting 
Height  
T3-T4   0.06    -0.04  
Marked correlations are significant at p<0.05; r = 0.1 = small*; r = 0.3 = medium**; r = 0.5 = large***;  

T1-T2=Difference between measurements one and two (six-months); T2-T3=Difference between 
measurements two and three (six-months); T3-T4=Difference between measurements three and four (six-
months); T1-T4=Difference between first and last measurement (two-year period) 

 

A hierarchical linear model was used to analyse the differences between the three measuring 

points over a period of two-years within the group for all the variables. Table 4 contains the 

descriptive means for each assessment period, significant differences between assessment 

periods as well over the total period (T1-T4). The analyses include results of the anthropometric 

measurements (stature, mass, fat percentage, sitting height, sitting height ratio), of the EG and 

the CG divided into three sub-developing groups over the two-years of the study (ED, LD and 

TD). Results of sitting height and sitting height ratio are only reported in year 2 (T3 & T4). 

Statistical significant differences (p-values, p<0.05) are reported in the table to indicate 

significant group differences, although it should be taken into consideration that the groups were 

not randomly selected which makes the p-value mostly irrelevant. More emphasis is therefore 

placed on the practical significance of differences found based on effect sizes of which the 

strength was interpreted according to the guidelines of Cohen (1988). An effect size of d ≥ 0.55 

is considered as practically significant.  

Height of all three development groups of both the EG and CG increased significantly every six-

months (p<0.5), and these increases also had a small practical significance. Both TD groups 

showed the highest increases followed by the LD and the ED groups respectively. TD of both 
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groups showed significant increases of 3–5 cm every six-months with a total increase recorded 

of 10.57cm in the EG (d=>0.85) and 11.47cm in the CG (d=>0.85) (p≤0.05). Total height 

increase for LD was 5.11cm (EG) (d=>0.55) and 6.20cm (CG) (d=>0.55), while ED only showed 

height increases of 3.97cm (EG) (d=>0.25) and 3.05cm (CG) (d=>0.25) over the two-years of 

the study (Table 4). 

Increases in weight differ from the pattern that was seen in height especially in the different 

developmental groups over the two-year period. All three the subgroups of both EG and CG 

showed a statistical significant increase in weight over the two-years. Weight increased by 

8.72kg (TD of EG) and 7.47kg (TD of CG) in the first year, from a mean age of 13.66 to 14.66 

years (EG) and 13.62 – 14.62 years (CG). Fat percentages changed minimally in all three sub-

groups of the EG over the two-years. The fat percentage of the ED in the CG showed a large (d 

= >0.85) practically significant increase over the two-years (3.93%) which differed significantly 

from what was seen in the ED group of the EG (0.18%). The ED of the EG also displayed the 

largest increase in body mass over the two-years (13.35 kg). 

Table 5 describes the results of the four motor fitness tests, measuring speed (10m; 40m) and 

agility (T-test; shuttle runs), of both main groups, as well as for each of the sub-groups. 

Practically significant speed and agility changes are evident from the table in both the EG and 

CG groups. The biggest increases in speed in both groups were found during the first year 

within the first six-month assessment period while the biggest increases in agility were found 

during the second six-month period (T2-T3). Over the two-year period (T1-T4) the smallest 

changes are seen in the ED of both the EG and the CG. Increases were also evident in the EG 

compared to decreases in the EG in both speed tests.  
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Table 4: DESCRIPTIVE CHARACTERISTICS AND SIGNIFICANCE OF CHANGES IN FOLLOW-UP ANTHROPOMETRIC MEASURES OF 

THE EXPERIMENTAL (EG) AND CONTROL GROUP (CG) 

Means for 4 measurements Difference Between Measurements Difference over 2 
years 

 T1 
M 

T2 
M 

T3 
M 

T4 
M 

T1-T2 T2-T3 T3-T4 T1-T4 

EG CG EG CG EG CG EG CG EG CG EG CG EG CG EG CG 

         Height                       (MSE = 1.24 ; Variance participants = 53.82) (Sub group2* Test p-value = 0.00 Sub group2* Test) 

LD 168.02 162.92 171.02 164.70 172.84 166.47 173.85 168.65 3.00# 1.78 0.44 1.77 1.67 2.65 5.11## 6.2## 
ED 175.91 175.11 177.38 176.26 178.58 177.02 179.80 177.92 1.47 1.15 0.87 0.30 1.62 1.60 3.97# 3.05# 
TD 162.93 161.51 166.19 164.79 169.98 168.94 173.69 173.12 3.26# 3.28# 4.40# 5.16## 2.91# 3.03### 10.57### 11.47### 

        Weight                       (MSE = 6.57 ; Variance participants = 109.39) (EGCG* Sub-group2* Test p-value = 0.017) 

LD 60.78 56.89 64.97 59.54 66.53 64.74 68.78 67.44 4.18# 2.65 0.9 5.20# 2.57 2.92 7.65## 10.77### 
ED 71.08 71.25 73.78 72.80 77.11 79.67 78.78 84.48 2.70 1.55 3.17 6.65## 1.86 5.15# 7.73## 13.35### 
TD 52.15 55.99 55.38 59.63 60.58 62.98 64.28 66.80 3.22 3.63 5.49# 3.83 3.31 3.27## 12.04### 10.75### 

         Fat %                          (MSE = 7.054 ; Variance participants = 10.87) (EGCG* Sub-group2* Test p-value = 0.217)          (p-value = 0.128 EGCG) 
LD 11.48 12.38 10.74 13.11 10.46 13.09 11.06 12.80 -0.74 0.73 -0.13 -0.02 0.53 -0.34 -0.33 0.36 

ED 9.88 9.09 9.15 9.29 9.54 14.08 10.06 13.05 -0.73 0.20 0.43 4.83### 0.47 -1.10 0.18 3.93### 
TD 10.08 12.95 9.69 12.58 9.50 11.79 10.99 11.13 -0.39 -0.37 -0.25 -0.89 1.57# -0.53 0.93 -1.81 

        Sitting Height           (MSE = 1.41 ; Variance participants = 14.10) (Sub-group 2 p-value = 0.002) 

LD     84.20 80.25 85.84 81.80     0.42# 0.39   
ED     89.75 87.35 91.08 90.00     0.34 0.67##   
TD     82.96 82.57 85.06 84.81     0.60## 0.57##   

       Sitting Height Ratio (MSE = 4.58; Variance Participants = 0.00) (Sub group 2 p-value = 0.019) 
LD     0.49 0.48 0.49 0.48     0.26 0.07   
ED     0.50 0.49 0.50 0.50     0.20 0.72##   
TD     0.48 0.48 0.49 0.49     0.26 0.33   

T1=Measurement one; T2=Measurement two; T3=Measurement three; T4=Measurement four; M=Mean value of group at measurement date; T1-T2=Difference 
between measurements one and two (six-months); T2-T3=Difference between measurements two and three (six-months); T3-T4=Difference between 
measurements three and four (six-months); T1-T4=Difference between first and last measurement (two-year period); EG= experimental group, CG=Control 
group; MSE = Mean Square Error; LD = Late Developers; ED = Early Developers; TD = Typical Developers 
Only statistical significant p-values are reported 
Practically significant effect (#=Small; ##=Medium; ###=Large) 
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Table 5: DESCRIPTIVE CHARACTERISTICS AND SIGNIFICANCE OF CHANGES IN FOLLOW-UP MOTOR FITNESS MEASURES (SPEED 

AND AGILITY) OF THE EXPERIMENTAL GROUP (EG) AND CONTROL GROUP (CG) 

Means for four measurement Difference between measurements Difference  

over two-years 

 T1 

M 

T2 

M 

T3 

M 

T4 

M 
T1-T2 T2-T3 T3-T4 T1-T4 

EG CG EG CG EG CG EG CG EG CG EG CG EG CG EG CG 

          10m                        (MSE = 0.0112 ; Variance participants = 0.0104) (p-value = 0.00 Test) 

LD 1.97 2.12 1.87 1.89 1.80 2.03 1.86 2.02 -0.10## -0.23### -0.07# 0.14### 0.06# -0.01 -0.11## -0.10## 

ED 1.95 1.87 1.79 1.85 1.81 1.91 1.89 1.99 -0.16### -0.02 0.02 0.06# 0.08## 0.08# -0.06# 0.11## 

TD 2.03 2.12 1.88 1.92 1.91 2.00 1.89 1.97 -0.15### -0.2### 0.03 0.08# -0.02 -0.02 -0.14### -0.15### 

         40m                        (MSE = 0.116 ; Variance participants = 0.162) (p-value = 0.00 Test) 

LD 6.07 6.81 6.07 6.28 5.61 6.44 5.67 6.44 0.00 -0.53### -0.44### 0.16 0.06 -0.01 -0.40## -0.37## 

ED 6.07 5.88 5.68 5.86 5.72 5.91 5.81 5.92 -0.39## -0.02 0.04 0.05 0.09 -0.01 -0.26# 0.04 

TD 6.50 6.91 6.20 6.44 6.03 6.35 5.94 6.29 -0.30## -0.47### -0.17 -0.09 -0.09 -0.04 -0.56### -0.62### 

         T-test                      (MSE = 0.493 ; Variance Participants = 0.608) (p-value = 0.00 Test ) 

LD 12.89 13.94 12.75 13.65 12.07 13.02 11.46 12.39 -0.14 -0.29 -0.64## -0.63## -0.63## -0.63## -1.40### -1.55### 

ED 11.97 11.72 11.8 11.84 11.64 11.99 11.37 11.87 -0.17 0.12 -0.15 0.16 -0.27 -0.14 -0.6## 0.15 

TD 12.59 13.30 12.46 13.20 11.58 12.72 11.47 12.26 -0.13 -0.1 -0.89## -0.51# -0.08 -0.42### -1.12### -1.04### 

         Shuttle run             (MSE = 2025.48 ; Variance Participants = 1543.13) (p-value = 0.00 Test ) 

LD 642.86 622.31 612.43 592.56 588.40 533.81 656.49 650.02 -30.43# -29.75# -24.14# -58.75### 68.14### 116.21### 13.57 27.75# 

ED 662.69 643.08 612.82 445.08 644.1 503.12 659.44 522.56 -49.87## -198### 31.25# 58.04### 15.37 19.44# -3.25 -120.5### 

TD 644.93 619.32 595.80 569.35 641.03 618.69 658.97 635.91 -49.13## -49.97## 45.28## 49.34## 17.87 17.12### 14.04 16.57 

T1=Measurement one; T2=Measurement two; T3=Measurement three; T4=Measurement four; M=Mean value of group at measurement date; T1-T2=Difference 
between measurements one and two (six-months); T2-T3=Difference between measurements two and three (six-months); T3-T4=Difference between 
measurements three and four (six-months); T1-T4=Difference between first and last measurement (two-year period); EG= experimental group, CG=Control 
group; MSE = Mean Square Error; LD = Late Developers; ED = Early Developers; TD = Typical Developers 
Practically significant effect (#=Small; ##=Medium; ###=Large) 
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3.6 DISCUSSION 

The aim of this study was to determine whether participation in sport, with additional training in 

speed and agility would counter the negative effect that might arise from changes in stature, 

body mass and body proportions during the growth spurt in mid-adolescent boys on speed and 

agility. This aim was studied by comparing boys who were participating in sports compared to 

those who were not, while also comparing the results of boys who were in different 

developmental stages of the growth spurt. 

Small but significant interrelationships were found between body composition characteristics 

and speed and agility where height, mass and fat percentage related significantly during 

different periods of the two-years with these motor fitness characteristics. Increasing height 

during the second six-month period (T2-T3) (age 14.17–14.68 years) of the study and over the 

overall period (T1-T4) (age 13.68–15.3 years) had a significant relationship with speed and 

agility performance. The ED of the EG improved in both speed tests compared to a decline in 

CG.  

Agility performance as measured by means of a T-test and a repeated shuttlerun test, and 

performance in both tests showed similar trends, where performance in both tests of the LD and 

TD of both EG and CG increased over the two-years. However, the results of the ED sub-group 

of EG showed an improvement (-0.6 s) while the agility of the ED of the CG showed a decline 

(0.15 s) over the period of the study. Similar trends were also found in the speed of ED groups. 

The TD of both groups showed significant increases over the two-years (EG = -1.12s; CG = -

1.04s). This improvement in agility took place from T2 to T3 (age 14.17–14.68 years), which is 

the six-months that followed after the biggest improvement in speed was seen in the TD sub-

group (table 4). The results of the shuttle run test showed the same developmental curve as 

what was found in the T-tests. The slight decrease in agility that was found during the first six-

months of the study can possibly be ascribed to changes in body dimensions, proportions and 

composition and differential timing of the growth spurts in segment lengths which take place 

during this period.  

Table 4 shows significant height increases during the T1-T4 period while body mass increased 

the most in the T2-T3 period (Cameron, 2014; Malina et al., 2004). Literature findings indicate 

that peak velocity in leg length occurs earlier than that of height where peak velocity for sitting 

height or trunk length occurs after that of height. Rapid growth of the lower extremities is 

characteristic of the early part of the adolescent growth spurt (Malina et al., 2004). Odd body 

proportions and height to weight ratio, muscle imbalances and problems with postural control 

can also influence balance and coordination (Anthanasios & Papaioannou, 2014; Pienaar, 

2010). Boys will also experience a change in the center of gravity as a result of the growth 
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gradients of different body segments that can also cause temporary loss of coordination and 

speed during this phase of rapid growth acording to Balyi et al. (2013). During T1-T2, the time 

during which the biggest increase in leg length and a subsequent loss of motor coordination and 

also assumed from the height increases in these groups is expected in the biggest number of 

participants (TD and LD), the agility of the experimental group showed a bigger increase than 

the control group. The CG only showed significant increases in performance in the T-test at T3-

T4, the time during which all growth related imbalances (muscle imbalances, problems with 

postural control and poor core and muscle control due to odd body proportions and height to 

weight ratios which will influence balance and coordination) (Anthanasios & Papaioannou, 

2014) are sorted out. The results of this study hereby confirm that the negative effects of growth 

on agility can be countered with a training programme that focuses on the development of 

strength, speed and agility. 

Height increased significantly in all three developmental groups with the biggest increase in the 

TD group. This increase is in line with the findings of Wheeler (1991) that found that boys can 

grow as much as 12cm within the year of PHV that usually occurs at age 14 (Tanner & 

Whitehouse, 1976). The total increase in height for the TD in this study was 10.76cm (EG) and 

11.61cm (CG) with the biggest increase in height during the first 12 months (7.05cm EG and 

7.43cm CG) between age 13.68 – 14.72 years. These findings also correlate with Gerber, 

Pienaar & Kruger (2015) who reported PHV between the age of 13.58 – 14.58 years in boys of 

the North West Province, South Africa, with height increases of 8.07cm during that year.The 

mean age of the TD sub group at the start of the study was 13.66 years (EG) and 13.62 years 

(CG) respectively while the mean age of the ED groups was 13.85 years (EG) and 14.05 years 

(CG). In the light of the small increases in height over the two-years in the ED sub-group 

(3.05cm) it can be concluded that the ED sub-group had already passed through their PHV, 

while the TD sub-groups were still in the late stages of the peak height velocity (PHV) phase, 

with increases of 10.57cm and 11.47cm of height in the two-groups over the two-years of this 

study. 

Increases in body mass followed the same developmental pattern as height. The biggest 

increases in body mass for both TD sub groups (EG = 5.49 kg; CG = 3.83 kg) were found at the 

same time as what the largest increase in height occurred (T2 – T3). These results correlates 

with the findings of Gerber et al. (2014) and are consistent with the findings of Rogol, Roemmich 

& Clark (2002) who stated that a peak in weight increase coincides with PHV in boys at age 14 

years. Early maturing boys tend to have greater muscle mass, but also more fat tissue at all 

ages (Malina et al., 2004) which agrees with the results of the ED in this study. The ED 

subgroup of the CG showed the largest increase in body mass over the two-years (13.35 kg) 

but also the largest increase in fat percentage (3.93%) over the two-years, compared to a total 
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increase of 0.18% for the ED of the EG over the two-years. These results might show that the 

training programme of the EG contributed to improved lean body mass (fat free mass) whereas 

the CG who did not participate in sport or training programmes put on fat mass of more than 5kg 

of their total weight gain over the two-years. Similar results were found in the LD of the control 

group who showed an increase compared to a decrease in fat mass in the EG. The bigger 

increase in body mass of the ED is due to the fact that they are further from their PHV and that 

an increase in weight continues throughout their adolescent years (12-15 years) (Pienaar & 

Viljoen 2010) as well as the fact that fat percentage starts to increase after 15 years of age in 

boys (Malina, 2011). Shang et al., (2010) found in their study that children with more lean 

muscle mass perform better in speed and agility than children with excess fat mass. 

The sitting height of boys in the study of Gerber et al. (2014) who studied similar aged boys in 

South Africa showed an increase of 3.83cm during year one (13.58-14.58 years of age) and 

another increase of 3.02cm during year two (14.58-15.57 years of age) while Lee, Chao, Tang, 

Hsieh, Chen and Ho (2005) reported a 4.6cm increase in boys aged 12–13 years and 3.7cm 

between ages 13–14 years. When we compared the increase of all the sub-groups of our study, 

especially the TD sub-group of both EG (2.1 cm) and CG (2.24 cm) the assumption can be 

made that the boys in this study had already passed through their maximum increase of sitting 

height and that the growth of the legs had caught up with the growth in the upper-body. This is 

supported by research findings of Malina et al. (2004) that showed that peak velocity in leg 

length occurs earlier than that of height and peak velocity for sitting height. Philippaerts et al. 

(2006) report a lack of motor coordination and strength to effectively orientate, stabilize and 

apply force through their lower limbs is what prevent boys to improve speed (Meyers et al., 

2015). This phenomenon is evident from the current study as the speed of LD of both groups 

showed an increase six months later (T2-T3) than that of ED and TD. One can argue in this 

regard that, once the growth of the upper body is in proportion with the trunk, speed will 

increase and a specialised programme will have an improved effect. Although the CG shows a 

better improvement in speed during the first (T1-T2) and last six-months (T3-T4), which is the 

months during which the intervention took place, the mean values of the EG at these test dates 

were still higher, which shows that sport participation and training have a positive effect on 

speed development.  

Changes in 10m sprint speed showed a small correlation (r=-0.29) with changing height at T3-

T4, while 40m speed showed no correlation with height changes but a small correlation (r=0.21) 

with changing body mass at T2-T3 and fat percentage (r = 0.261) at T1-T2 (Table 2). Ten meter 

sprint speed also referred to as acceleration speed, of all three sub-groups in this study showed 

the biggest improvement during the first six-months T1 to T2 (age 13.68 -14.17years) (p<0.05, 

d>0.5). Although the TD sub-groups of both the EG and CG showed the same overall 
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improvement over the course of the two-years, EG (-0.14s) and CG (-0.15s), the TD of the EG 

showed the biggest improvement between T1-T2 (EG = -0.15s; CG = -0.2s) (d=>0.5) which is 

also the time during which the EG group was subjected to the speed and agility training 

programme. The TD of EG also showed the smallest loss in acceleration speed from T2 to T3 

(EG = 0.03 ; CG = 0.08) a time during which the EG did not follow a training programme (Table 

5). This correlates with the findings of Duvenhage (2012) who found a difference (10m = 0.28s; 

40m = 0.89s) in speed between boys who participated in sport vs non-sporting boys. The 40m 

sprint speed showed the same development curve as that of 10m Sprint Speed. Both TD sub-

groups biggest improvement was seen between T1-T2 (EG = -0.30s; CG = -0.47s). Speed 

improvements of both 10m and 40m speed were found to be during the time before and after 

the most growth took place in this group. Although the 40m speed improvement of the CG was 

higher than that of the EG, the mean scores of the EG are better and the decrease in speed that 

is seen during T2-T3 (period of most growth) is also smaller in the EG than in the CG. One can 

therefore argue that this is due to the fact that the EG participated in sports and a strength, 

speed and agility focused programme that may have countered the effect of growth on speed.  

The true training effect of the strength and agility programme can be seen in the significant 

differences in changes in speed and agility between the ED of EG and CG over the two-year 

period (T1-T4). The ED sub-groups are the only groups in this study who have already passed 

through their growth spurt where a clear intervention effect can subsequently be concluded from 

the results. The ED who were subjected to the intervention programme showed significantly 

bigger improvements in both speed and agility compared to their counterparts in the CG.  

Based on these results it can be concluded that growth does have a negative influence on the 

development of speed and agility. Both TD sub-groups showed the biggest increase in height 

between T2 and T3. During this period the EG had a smaller loss over 10m and a significant 

bigger increase of 40m speed compared to the CG. The EG also had a significant (d=>0.55) 

bigger improvement than the CG in agility in the same time period. During the T1–T2 interval 

during which the TD sub-group of both EG and CG had the second biggest height increment, 

the EG had a larger increase in 10m acceleration speed as well as in the T-test for agility.  

During intervals of larger height increases the increases in speed, especially 10m (acceleration) 

and agility of the CG who were not subjected to a training programme were smaller than those 

of the EG who participated in a supervised strength, speed and agility training programme, 

although growth and motor performance development of both EG and CG showed a typical 

development curve as reported by other researchers. From the differences in the mean values 

at the different measurement intervals it can be deduced that growth does have an influence on 

the improvement of speed and agility (both positive and negative) but that the negative aspects 

can be countered by a training programme that focus on strength, power, speed and agility 



   CHAPTER 3 

73 

specific training. The true value of the training programme can be seen once participants have 

passed through their growth spurt. 

This study had shortcomings that need to be highlighted. The division of the group into 

subgroups based on participation in specific school sports and maturity levels, contributed to 

small groups of especially LD and ED participants, most probably because most boys in Grade 

eight are already in their growth spurt phase which made the ED and especially the LD groups 

small. Not all racial groups that represent South African children were represented in the study 

and results are hence mainly applicable to Caucasian boys. However, although the participants 

of the study were all from one high school in Mpumalanga Province in South Africa the 

participants enrol in the school from different primary schools in the Province which makes the 

results more generalizable. Environmental conditions (e.g. temperature, humidity, wind speed) 

could not be controlled for during the four measuring points and might have influenced the 

results. Data were only collected between the ages of 13- to 15-years and not over the full 

period of the growth spurt, which is more desirable. The age period between 11- to 16-years is 

the ideal time period for research of this nature to be conducted, although it is not practical in 

the context of the SA school system, where children move to different high schools after their 

Grade seven year which makes it impractical to follow them during this complete growth period. 

Shortcomings of the training programme should also be highlighted. The six-months’ 

programme was interrupted by a ten-day school holiday during which there was no control over 

the adherence of the boys to the training programme. A six-months training programme might 

also be too long for boys aged 14 to 15 years to adhere to, as they can lose motivation and 

subsequent comitment to adhering to the intensity and duration of the programme which might 

also have influenced the effects of the programme. A training program of only one session per 

week of speed and agility might also not have the desired effect as three sessions per week 

might have had. 

3.7 SUMMARY 

This study showed definite changes in height, body mass and fat percentage (lean and fat 

mass) between 13- and 15-years which had significant influences on the development of speed 

and agility of adolescent boys. No differences were found in the developmental curves between 

the EG and CG in any of the anthropometric or motor fitness characteristics, differences were 

evident between the sub-groups (LD, ED, TD) and these results are in agreement with results 

found in the literature. The results also confirmed that boys in Grade 8 between the ages 13.68-

14.72 years, experienced the biggest increase in height, while motor fitness capabilities also 

showed significant improvements during this period. According to other researchers the motor 

performances of early-maturing boys are, on average better than those of average-maturing 
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and late-maturing boys. This was true for the mean scores of the CG of this study, but the mean 

scores of the EG who participated in sport and a strength, speed and agility training programme 

were more closely distributed showing the influence of the training effect. Our findings confirm 

that changes in speed and agility can be attributed to the growth acceleration phase and 

maturation of the body. Increases in height showed a negative influence on speed of adolescent 

boys but our results showed that a specialized training programme and participation in sports 

can limit this negative influence as the EG suffered a smaller loss of speed at PHV than the CG. 

Few differences were seen in agility between TD of EG and CG over the two-years but clear 

differences were evident between the sub-groups that correlated with their maturity status. From 

this we can deduce that the influence of segmental growth during the growth spurt of boys has a 

negative influence on the agility of adolescent boys but it can be countered by a specialised 

training programme and participation in sport, which is confirmed by smaller decreases in agility 

scores which were evident during the first six-months, which was smaller in the EG.  

Findings of this study will enable sports coaches to obtain a better understanding of motor- and 

physical fitness capabilities of male athletes at different developmental stages (ED, LD, TD) 

during the mid-adolescence period. It is recommended that coaches of young athletes should 

prioritize training that improves athleticism opposed to focusing on the immediate desire to win. 

The ultimate goal during this period should therefore be to optimally structure the training 

programmes of boys to improve their development of motor and physical fitness capabilities. 

Participating in programmes similar to what was developed for this study during the mid-

adolescent period will also help to establish safer and more injuryfree training for boys during 

this period to improve their speed and agility. 

More research that includes bigger groups and a wider geographical area is needed, however, 

to confirm these findings. Longterm studies that span the full period of puberty, which includes 

ages between 11- and 16-years is also recommended. Improved and more specialised training 

programmes are also needed to further our understanding of this complex research area. 

Research that focuses more on the effect of body proportions and growth velocities of the 

different segments and how specialised training of different muscle groups can counter this 

effect should also be done to improve our understanding of these influences. 
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THE EFFECT OF THE GROWTH SPURT ON STRENGTH AND POWER 

DEVELOPMENT DURING MID-ADOLESCENCE IN BOYS 

4.1 ABSTRACT  

The aim of this study was to determine whether the growth spurt during mid-adolescence would 

have an influence on the development of strength and power in a group of boys (N= 86) with a 

mean age of 13.6 ± 0.26 at baseline. An experimental group (EG), who participated in different 

school sports were subjected to an additional strength and power training programme two times 

per week for 45min each for six-months in two consecutive years (n=47, mean age= 

13.67+0.26), and compared to thirty nine boys (mean age= 13.68+0.16) serving as a reference 

group for normal growth during this period who did not compete in any sports nor had been 

subjected to a training programme. The subjects were assessed every six months for changes 

in height, weight and their performance in the squat, vertical jump, horizontal jump, sit-ups and 

seven-stage abdominal strength tests. Both EG and control group (CG) were sub-divided into 

three growth groups namely late developers (LD), early developers (ED) and typical developers 

(TD) by means of age at peak height velocity (PHV). A hierarchical linear and covariate 

structure was used to analyse all variables within the three groups. The p-level for significance 

was set at p<0.05, followed by interpreting practical significance cut offs. Results indicated that 

the growth spurt had a positive effect on the training of strength and power of TD and ED, with 

little or no effect on LD who hasn’t reached their PHV yet. 

Keywords: Early developers, late developers, typical developers, boys, adolescents, strength, 

power. 
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4.2 INTRODUCTION 

Athletic performance during childhood and adolescence is strongly influenced by growth in size 

and increasing complexity of the nervous system (8). Several researchers report a period of 

accelerated growth between the ages of 13- to 15-years with a peak acceleration at 14 years in 

boys (1; 15; 44). This accelerated growth is attributed to an increase in testosterone and human 

growth hormone secretion (5). Young male sports participants in cricket, rugby, swimming and 

athletics, on average, are more advanced in skeletal and sexual maturation (24).  Performance 

in these sports relies to a large extent on strength and power, a larger body size and muscle 

mass that is associated with advanced maturity status which therefore can be an asset for 

better performance (25; 45). In this regard the results of a longitudinal study on Belgian boys 

aged 12- to 17-years showed that performances of early maturing boys in static strength, 

explosive strength/power and running speed were on average better compared to average-

maturing and late-maturing boys (22).  

Strength is essential for motor performance as a certain level of muscular strength is necessary 

to succeed in certain sport specific tasks (24). Strength is an expression of muscular force, or 

the individual’s capacity to develop tension against an external resistance and is defined as the 

maximum power output during a single muscle contraction (12; 18; 24; 34). Several types of 

strength need to be enhanced e.g. static strength: the force exerted against an external 

resistance without change in muscle length (24), explosive strength or power: which is the ability 

of muscles to release maximal force in the shortest possible time (24), and dynamic strength 

which refers to the force generated by repetitive contractions of muscles (24). Muscular 

endurance describes the ability to repeat or maintain muscular contractions over time (24).  

The growth curve of muscular strength is generally similar to that of body size and weight during 

childhood and adolescence (33). One of the main factors responsible for the increase in 

strength with the onset of puberty (age 9) is a fourfold increase in testosterone levels during 

early puberty with a further twentyfold increase during mid-puberty (age 15) (39). Balyi et al. (4) 

report in this regard that strength will increase by two thirds after Peak Height Velocity (PHV) as 

a result of growth. Strength of the upper and lower extremities does not show the same 

developmental trends where the lower extremities show accelerated strength development 

about one year before the upper body (10; 25; 38). Several researchers also indicate that 

neurological factors play an important role in strength development (10; 32). 

Changes in fibre composition of muscles, hormonal changes in the body as well as adaptability 

(trainability) of muscles due to neurological factors occur in different life stages including the 

pubertal phase (17). Puberty is considered a sensitive period for the development of strength 
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especially for males as an increase in testosterone production in boys results in a marked 

increase in muscle mass during this phase (5). Resistance training in the prepubescent child 

may also effectively increase strength, without a concomitant increase in muscle mass (29), 

which is due to the lack of the anabolic effects of testosterone in boys. Strength gains at this 

age (12-13 years) are mainly attributed to more efficient recruitment of motor units (36). 

Responses to resistance training stimuli in pre- and early-pubertal youth are reported to be 

largely neural and may include a learning component (31; 35). Taking into consideration that 

boys during mid-adolescence have increased testosterone levels, increased body weight and 

muscle mass as well as increasing limb length, one can argue that the period after PHV will be 

the most optimal time to train and improve strength in boys (23). 

The development of strength (5; 9; 10; 13; 14; 24; 38) and power (19; 24; 33) and also the 

trainability of strength (5; 7; 23; 24; 29; 31) and power (11; 27; 41; 43) is well researched. 

Researchers have also studied the relation between anthropometric changes and the 

development of strength and power and identified certain anthropometric and body composition 

parameters that will predict power in children (16; 24; 46). An obvious shortcoming in all of 

these studies is the direct investigation of the effect of the growth spurt on the training of 

strength and power in boys.  This study therefore aims to address this gap by investigating how 

the growth spurts of boys at different stages of development during mid-adolescence will affect 

the training of strength and power during this period. 

4.3 METHODS 

4.3.1 Experimental approach to the problem 

The research design is based on a two group pre-test post-test design within a two year follow- 

up period that included 4 time point measurements. A sample of convenience was used for the 

purpose of the study from which one group of boys who participated in 4 official school sports, 

were selected and subjected to an additional strength, speed, power and agility sports 

conditioning programme for the first six months of each of the two year follow up period, 2 days 

per week for 45 minutes. A control group who did not partake in any sports and who was not 

subjected to any training program, was also selected to serve as a reference group for growth 

that take place during this same period. The study spanned a period of two school years, with 

the first measurement at the beginning of the Grade eight year of the boys (in February), when 

they had a mean age of 13.68 years. This was followed, 6 months later, with a second testing in 

August of the same year. The last measurements were done during their Grade nine year in 

February and in August when they had a mean age of 15.3 years during the final testing date. 

Both the Experimental (CG) and control (CG) groups underwent a fitness evaluation that 
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includes measurements of body composition, three strength and two power tests, twice per year 

during February and August, representing four time-point measurements over the two-year 

period. Treatment effects could therefore be determined over three periods of six months by 

using 4 time point measurements. Both the EG and CG groups were divided further, but only for 

statistical analytical purposes, into sub-growth groups based on different levels of maturity that 

they represent. These three groups were labeled late developers (LD), early developers (ED) 

and typical developers (TD). The growth history of each subject over the 2 year period of the 

study were assessed individually by the researchers where after the subject were categorized.  

Based on scientific evidence (1) that indicates that more than 5 cm of growth in height per year 

is as sign of being in the growth spurt, was taken as a benchmark of being in the growth spurt 

phase and placed a subject in the typical development category (TD). The growth in height over 

the two years of all the boys who showed less than 6 cm growth per year, were once again 

studied and carefully considered to determine placement in the early or late development 

category. Those in this group who only showed small grow increments such as between 2-3 cm 

per year over the 2 year period were categorized as early maturerers (ED)(1), as this amount of 

growth is indicative of final growth that takes place after the growth spurt has been passed. The 

rest were categorized as late developers (LD). The co-founding influence of early and late 

development on the effect of the training program could be analysed in this manner.  

4.3.2 Subjects 

The Health Research Ethics Committee of the Faculty of Health Sciences of the North-West 

University approved the study (NWU-00330-15-A1). All 145 Grade eight boys and their parents 

received a parental and participation permission form containing all the information explaining 

the purpose and objective of the study as well as the procedure of all the tests and had the 

opportunity to ask questions at an information meeting or by contacting the researcher. All 

parents or legal guardians and participants voluntarily signed consent. The boys were all 

recruited from one state governed high school in Nelspruit in Mpumalanga Province within the 

Mbombela Local Municipality area of South Africa. Nelspruit is classified as a city with a high 

socio-economic status, which is surrounded by small towns such as Komatipoort, Sabie and 

Malelane that are classified as rural areas with farming communities. KaNyamazane, a 

Township area near Nelspruit is considered a low socio-economic area. Children attending 

Nelspruit High school enrolled from all over these Lowveld areas and can attend this school 

because of boarding facilities. The leaners enrolling into the school subsequently came from 

different primary schools and areas and represent different socio-economic backgrounds. 

However, the group of learners cannot be considered to be representative of the adolescents' 

population, either of the Mbombela Local Municipality area or of South African adolescents in 
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general. All 145 Grade eight boys were recruited to participated in the study of which 47 boys 

who took part in school sports, namely rugby, field hockey, cricket and athletics was categorized 

into the experimental group (EG). This group was subjected to a sport conditioning programme. 

A control group (CG) of 39 boys was also selected from the initial sample who do not compete 

or train in any sports and who can be described as non-sport participants. The remaining 59 

boys were excluded from the study because they participated in other sports that are not part of 

the school’s sporting codes, like swimming, mountain biking, gymnastics and tennis. Since this 

was an all-inclusive sample of all children in the school satisfying the inclusion criteria, power 

calculations were not relevant. The 47 boys in the EG were subdivided into three groups, late 

developers (LD)(n=7), early developers (ED)(n=8) and typical developers (TD)(n=32). The CG 

was divided into the same three groups LD(n=4), ED(n=2) and TD(n=33). 

4.3.3 Procedures 

For the determination of the anthropometric growth, and physical and motor capabilities the test 

protocol consists of nine tests, which included four anthropometric tests (stature, mass, sitting 

height, and fat percentage) (26) and five physical and motor fitness tests (two minute sit-ups, 

seven-stage abdominal strength, squats, vertical and horizontal Jump) (2; 6; 21). A combination 

of protocols from the Australian Sport Search Program, the U.S Navy Physical Readiness test 

and a few additional field tests were used (2; 6; 21). First, the anthropometric variables were 

measured in an enclosed area where, after the physical and motor fitness measurements were 

completed in the gymnasium and on the sports field. Where the participants had to rotate 

between the stations. Sufficient rest periods were allowed between the tests to prevent 

exhaustion from having an influence on the test results.  

4.3.3.1 Anthropometric measurements 

The anthropometric measurements which include stature, mass, sitting height, and fat 

percentage were done by qualified exercises scientist, according to the international standards 

for anthropometric assessment (ISAK) protocol (26). Body stature and sitting height were 

determined with a Harpenden stadiometer. Stature was measured while standing barefoot with 

the back against the stadiometer (seca 206, Germany) and the feet together. The heels, 

buttocks and upper back had to be in contact with the stadiometer and the head held in the 

Frankfort position. While the subject inhaled deeply in this position, the measurement was taken 

to the nearest 0.1cm. The intra class correlation for height was r=0.98. Sitting height was 

measured while sitting flat on the stadiometer with the back against the stadiometer and the 

knees bent slightly. The head of the subject was held in the Frankfort position by the 

administrator and the measurement taken to the nearest 0.1 cm after lowering the arm of the 
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stadiometer onto the subject’s head. Sitting height ratio was calculated by using a formula: 

sitting height/stature x 100. Mass was taken with a calibrated electronic scale (SOEHNLE, 

Germany) with the subject standing upright with his weight evenly distributed on the scale and 

his arms next to his sides, dressed in as little as possible clothing. The subject had to look 

straight ahead while the measurement was taken to the nearest 0.1kg. The intra-claas 

correlation for body mass was r=0.6. The triceps, subscapular, iliac, abdominal, front thigh and 

calf skinfold thicknesses were measured by one operator using a Harpenden calliper (Gima, 

Modena, Italy) according to standard ISAK protocol procedures (26). Two measurements were 

taken at each site, and the average of the two readings will be taken as the score. Fat 

percentage was calculated by using a formula: (sum of six skinfolds x 0.1051) + 2.585. 

4.3.3.2 Physical fitness measurements 

Five physical fitness tests were used to test maximal strength (seven-stage abdominal strength 

and squat test), strength endurance (two-minute sit-ups test) and explosive strength or power 

(vertical and horizontal jump). These five tests are a combination of protocols from the 

Australian Sport Search Program (2), the U.S Navy Physical Readiness test (6) and a few 

additional field tests (shuttle runs, squat test, seven-stage abdominal strength) (2; 6; 21).  

The seven-stage abdominal strength test begins with the participant lying on his back, with the 

knees at right angles and the feet flat on the floor. The participant then attempts to perform one 

complete sit-up for each level in the prescribed manner, starting with level 1. Each level is 

achieved if a single sit-up is performed in the prescribed manner, without the feet lifting off the 

floor. As many attempts as necessary can be made. The highest level correctly completed is 

recorded (21). A relative load test was done to determine leg strength (squat test): participants 

performed the most repetitions that they can at a load that is a percentage of their estimated 1-

RM. The equation (1-RM = 100 × rep mass/(52.2 + 41.9 × exponential [-0.055 × reps]) was 

used to determine the 1-RM of participants. One administrator with two helpers was assigned to 

minimize injury risk. For the two minute sit-up test the participant had to start on his back with 

bent knees and hands placed at the side of the head. An administrator was permitted to hold 

the feet or ankles of the participant to keep the feet on the floor. The upper body was then 

raised until the elbows touched the thighs while the hands remain at the sides of the head; after 

which the body is lowered back to the floor until the shoulder blades touches the ground. No 

bouncing or arching of the lower back is allowed, and the buttocks and feet must remain in 

constant contact with the floor throughout the test. The maximum number of correctly performed 

sit-ups in two minutes was recorded.  
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The participant’s vertical jumping height was measured using the Vertec (Questek) (47). This 

apparatus included a sliding vertical pole attached to two weights at the base, which stabilized 

the apparatus. Movable horizontal levers are attached at the top of the pole and are marked in 

1.27cm levers. The levers can be set to begin at 228.6, 243.84, 259.08, or 274.32 cm. The 

initial setting for the levers was dependent upon the participant’s reaching height which was 

measured by having the participant standing with his dominant side next to a wall. The 

participant then had to extend the arm closest to the wall and reach as high as possible without 

allowing any part of the feet to lose contact with the ground, while keeping the hip as close to 

the wall as possible. This measurement was then recorded to the closest 1.27cm. The 

participants’ vertical jump height was then measured after standing with the dominant side next 

to the apparatus, with feet shoulder-width apart and performing a vertical jump while touching 

the vanes on the Vertec (Questek). The participants were instructed to reach with their dominant 

hand while at the top of their jump and to move as many levers as possible. Two vertical jumps 

were allowed, and the average of the jumps was recorded. The height of the jump was the 

difference between the vertical reach and the vertical jump. For the Horizontal or Standing Long 

jump test, the participants were instructed to initially stand on a long jump mat and jump as far 

as possible taking off from two feet. The distance from the starting point to the landing point at 

heel contact was used as the jumping distance. The average of the three jumps was recorded 

(47). 

4.3.3.3 Sports participation frequency 

Participants completed a self-compiled health screening questionnaire during baseline 

measurements to report on their current health and fitness and family medical history. The 

sports participation frequency of each participant was also determined by means of a 

questionnaire where the participant had to indicate his sport participation and training frequency 

by ticking the different sports that he participates in and the number of days and hours per day 

he spends at training for a particular sport. Injuries during the two-years, time of the programme 

and treatment of injuries was monitored by the Exercise Scientist. 

4.3.4 Training protocol 

The participants who were included in the experimental group took part in one or more school 

sports that included athletics, rugby, field hockey and cricket. They practised sports specific 

skills in the afternoons, three days per week with their respective school sports coaches. These 

sessions consisted of 60min drills and techniques that applied to the relevant sport of each 

participant. Additionally they took part in a speed, agility, strength and power training 

programme for two additional days per week which was compiled and conducted by a 
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registered Exercise scientists who was also responsible for the adjustment and progression of 

each programme throughout the six-months. The content of the programme of two sessions per 

week was not sport specific, but rather generic as it had to accommodate the strength, power, 

speed and agility needs of all sports. These sessions consisted of one 45min combined session 

for resistance training (own body weight exercise, elastic resistance bands, gym apparatus and 

free weights) and plyometrics (skipping ropes, plyometric jumping box). Each of these sessions 

consisted of 12 exercises that included five strength exercises (leg extensions, leg curls, squats, 

sit-ups bench press), four plyometric exercises (skipping, box jumps, front and sideways and 

depth jumps) and a combination of three strength and plyometric exercises (lunge jumps, squat 

jump with high pull, burpee to pull up). At the start of the six-months each exercise was done 

with light to medium weights for 15 to 20 repetitions and repeated three times, with a great 

emphasis on technique. As the participants’ conditioning increased and they became more 

skilled in the proper technique the weight was increased and repetitions decreased to ten 

repetitions. The second session was made up of 45min of speed and agility training (speed 

ladders and hurdles, weighted sleds and parachutes) with the focus on improvement of foot 

speed, acceleration balance and proprioception. At the start of the six-months the speed and 

agility sessions focused on proper sprinting mechanics, where short distances of 10 to 20 

metres were used including no more than four hurdles and speed ladders with four blocks. As 

the participants mastered the skills, techniques and exercises during the six-months the 

distance was increased up to 80m and the number of hurdles and the length of the speed 

ladders increased. 

4.3.5 Statistical analyses 

The data were analysed by the “Statistica for Windows” (StatSoft, 2015) computer programme 

as well as with SAS 9.3 Level TS L1MO (2000–2010). Data were analysed for descriptive 

purposes using means (M), standard deviations (SD), minimum and maximum values and lower 

and upper quartiles (Statsoft, 2015). A hierarchical linear model was used to analyse 

differences between the three measuring points and over a period of two-years within the group 

for all variables. Practical significance of differences between means was determined according 

to Cohen’s d-value (0.25 small, 0.55 medium, and 0.85 large; Cohen, 1992). 

4.4 RESULTS 

Table 1 shows the demographics of the participants with a mean age of 13.68 ± 0.26 years at 

baseline. No loss of participants was recorded during the two-years of the study. The 68 

participants from both EG and CG were divided in to three sub-developing groups, late 

developers (LD), early developers (ED) and typical developers (TD). The table shows the mean 
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age of each group at the beginning of each year. From this it can be seen that the mean ages of 

boys in the different developing groups in both EG and CG differed natably which correlates 

with the relative age effect, which indicates that ED’s are born during the first half of the year 

and LDs during the second half of the year. The TD in the EG which was the biggest group, 

participated in at least two sports and showed an even distribution between participating in one 

sport (n=15), two sports (n=13) while also participating in a third sport (n=4). LDs tend to 

participate in only one sport while the EDs participate in two school sports. This sports 

participation frequency suggests an influence of their development stage. Very few growth 

related injuries were reported in the EG. From the 47 boys of the EG who competed in sports 

like athletics, field hockey and rugby only one scheuremans, two with sprained ankles, one 

minor shoulder injury and a hamstring strain was reported during the two-year period of the 

study. None of these injuries kept the boys from participating in the programme or their sport for 

more than two weeks.  
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Table 1: DESCRIPTIVE INFORMATION FOR THE GROUP OVER TWO-YEARS 

 N n Sport participation Mean Age SD 

 
 

Year 1 
Feb 2015 

(GR8) 

EG LD. 47 7 5=1 Sport 
2=2 Sports 

13.52 0.28 

ED  8 1=1 Sport 
7=2 Sports 

13.85 0.23 

TD  32 15=1 Sport 
13=2 Sports 
4=3 Sports 

13.66 0.28 

CG LD 39 4  13.38 0.21 

ED  2  14.05 0.01 

TD  33  13.62 0.26 

 
 

Year 2 
Feb 2016 

(GR9) 

EG LD  7 5=1 Sport 
2=2 Sports 

14.56 0.28 

ED  8 1=1 Sport 
7=2 Sports 

14.89 0.23 

TD  32 15=1 Sport 
13=2 Sports 
4=3 Sports 

14.70 0.28 

CG LD 39 4  14.42 0.21 

ED  2  15.09 0.01 

TD  33  14.66 0.28 

EG=Experimental Group, CG=Control Group; N= Number of participants for EG & CG; n= number of 
participants for each sub-group; SD= standard deviation Sports participation = number of participants per 
development group that participated in either one, two or three school sports 

 

Table 2 and 3 show the results of a correlation analysis between changes in the body 

composition characteristics (height, weight, fat% and sitting height) and changes in motor 

fitness measurements (vertical jump, horizontal jump, seven-stage abdominal strength, sit-ups 

and squats) of the group over the study period of two-years (T1-T4), and also divided into six 

month periods (T1, T2, T3, T4). Changes in horizontal jump distance which assesses power 

show a significant medium correlation with changing height at T3-T4 while changes in vertical 

jump height (power) show a medium negative correlation with changes in fat percentage, also at 

T3-T4. Changes in strength (Table 2) as measured by sit-ups showed a moderate relationship 

at T3-T4 with changes in body mass while performance in the squat test show a significant 

medium correlation with changes in fat percentage at T1-T2. Overall these relationships 

confirmed an interrelationship between body composition and motor fitness capabilities which 

subsequently motivate further analysis of the results which are displayed in Tables 4 and 5. 
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Table 2: CORRELATIONS BETWEEN CHANGES IN ANTHROPOMETRIC 

CHARACTERISTICS AND STRENGTH 

Variable 7Stage abdominal strength Sit-ups Squats 

T1-T2 T2-T3 T3-T4 T1-T4 T1-T2 T2-T3 T3-T4 T1-T4 T1-T2 T2-T3 T3-T4 T1-T4 
Height             
T1-T2 -0.11 -0.08 -0.02 -0.10 -0.09 -0.05 0.02 -0.03 -0.06 0.11 -0.10 0.04 
T2-T3 0.18 0.03 -0.04 0.15 0.03 0.14 -0.15 -0.04 -0.01 -0.03 -0.14 -0.07 
T3-T4 0.14 -0.01 0.06 0.18 -0.05 0.01 -0.01 -0.01 -0.01 0.01 0.06 0.07 
T1-T4 0.16 0.00 -0.02 0.15 -0.03 0.07 -0.09 -0.04 0.02 0.04 -0.13 0.00 
Mass             
T1-T2 -0.05 -0.03 -0.12 -0.11 0.01 0.09 -0.18 -0.14 0.10 0.07 -0.11 0.08 
T2-T3 0.26* -0.13 0.02 0.10 0.12 0.03 0.01 0.18 0.10 -0.03 -0.12 -0.03 
T3-T4 0.26* -0.06 0.02 0.15 0.18 -0.05 -0.22* -0.10 0.15 -0.11 0.01 0.01 
T1-T4 0.26* -0.17 0.00 0.10 0.14 0.05 -0.16 0.02 0.20 -0.02 -0.13 0.03 
Fat%             
T1-T2 -0.08 0.14 0.01 0.04 0.10 -0.03 0.13 0.22* 0.30** 0.27* 0.08 0.32** 
T2-T3 0.04 -0.13 -0.14 -0.13 -0.09 -0.00 0.07 -0.01 -0.17 -0.05 -0.20 -0.20 
T3-T4 -0.11 0.04 0.09 -0.03 -0.04 0.08 -0.21 -0.19 0.06 -0.02 0.09 0.01 
T1-T4 -0.06 -0.02 -0.03 -0.10 -0.02 0.05 -0.06 -0.02 0.08 0.13 -0.15 0.04 
Sitting Height            
T3-T4 0.02 -0.11 0.18 0.14 -0.01 0.19 -0.06 0.08 0.04 0.02 0.06 0.05 

Marked correlations are significant at p<0.05; r = 0.1 = small*; r = 0.3 = medium**; r = 0.5 = large***;  

T1-T2=Difference between measurements one and two (six-months); T2-T3=Difference between 
measurements two and three (six-months); T3-T4=Difference between measurements three and four (six-
months); T1-T4=Difference between first and last measurement (two-year period) 
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Table 3:  CORRELATIONS BETWEEN CHANGES IN ANTHROPOMETRIC 

CHARACTERISTICS AND POWER 

Variable Vertical jump Horizontal jump 

T1-T2 T2-T3 T3-T4 T1-T4 T1-T2 T2-T3 T3-T4 T1-T4 
Height         
T1-T2 -0.02 -0.13 0.13 -0.08 -0.08 -0.14 0.09 0.02 
T2-T3 0.07 0.15 -0.05 0.02 0.15 -0.09 0.12 0.15 
T3-T4 0.12 -0.08 0.08 0.12 0.08 -0.09 0.24* 0.09 
T1-T4 0.09 0.04 0.02 0.13 0.12 -0.07 0.22* 0.14 
Mass         
T1-T2 0.09 -0.05 0.09 0.05 0.16 -0.01 -0.0 0.12 
T2-T3 -0.05 -0.08 -0.06 -0.11 -0.09 -0.16 0.27* -0.11 
T3-T4 -0.14 0.11 -0.07 -0.04 -0.04 0.07 0.06 0.05 
T1-T4 -0.04 -0.08 0.01 -0.06 0.01 -0.10 0.29* 0.04 
Fat%         
T1-T2 0.04 -0.07 0.07 0.07 0.03 -0.08 0.11 0.01 
T2-T3 -0.09 0.02 0.06 -0.11 -0.06 -0.06 0.12 -0.09 
T3-T4 -0.200 0.13 -0.24* -0.24* 0.01 0.03 0.02 0.04 
T1-T4 -0.13 0.06 -0.11 -0.18 0.05 -0.03 0.16 0.07 
Sitting height        
T3-T4 0.01 -0.32** 0.100 -0.14 -0.01 -0.10 0.11 -0.10 

Marked correlations are significant at p<0.05; r = 0.1 = small*; r = 0.3 = medium**; r = 0.5 = large***;  

T1-T2=Difference between measurements one and two (six-months); T2-T3=Difference between 
measurements two and three (six-months); T3-T4=Difference between measurements three and four (six-
months); T1-T4=Difference between first and last measurement (two-year period) 

 
 
Table 4 contains the descriptive results of the anthropometric measurements (height, mass, fat 

percentage, sitting height, sitting height ratio), and the changes that were found in these 

measurements of both groups over the two-year period. Sitting height and sitting height ratio are 

only reported in year two (T3 & T4). The results include means but also mean differences 

between measurements between different testing opportunities and over the two-years. 

Although the p-values of differences that were found (p<0.05) are reported, it should be noted 

that the groups were not randomly selected which makes the p-value mostly irrelevant, 

therefore more emphasis was put on the practically significant effect sizes that were obtained of 

differences and which were interpreted according to the guidelines as set by Cohen (1992). The 

height of TD of both EG (10.76cm) and CG (11.61cm) increased statistically significantly in 

height over the two-years. Height of all three growth groups of both EG and CG also increased 

significantly every six-months (p<0.5), and these increases were also of small practical 

significance, ED >0.3). Typical developers showed the highest increases in height followed by 

the LD and the ED groups respectively. TD of both groups showed significant increases of 3 – 

5cm every six months with a total of 10.57cm for the EG (p<0.05, d≥0.85) and 11.47cm for the 

CG (d≥0.85). These height increases from T1-T4 were of large practical significance. The total 

height increase in the LD group was 5.11cm (EG) (d≥0.55) and 6.20cm (CG) (d≥0.55), while 

early developers in both groups only showed increases of 3.97cm (EG) (d≥0.25) and 3.05cm 

(CG) (d≥0.25) respectively over the two-year period.  
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Increases in weight differed from the pattern that was seen in height especially in the different 

developmental groups over the two-year period. The weight increase of the ED (7.73kg) and LD 

(7.65kg) of the EG is lower when compared to the weight increase of the TD (12.04kg) in the 

same group. The ED (13.35kg) and LD (10.77kg) of the CG showed an equivalent and larger 

increase in weight compared to that of the TD (10.75kg) in the CG. A statistically significant 

increase in weight over the two-years is seen in all the sub-developing groups of both EG and 

CG, however, little change in the fat percentage of all three sub-groups of the EG compared to 

that of the CG is evident from the results over the two-years.  

Table 5 reports the results that were obtained for the motor fitness measurements (vertical 

jump, horizontal jump, seven-stage abdominal strength, sit-ups, squats), of both groups over 

two-years. Both the EG and CG showed statistically as well as practically significant increases 

in strength and power over the two-years. Large (d≥0.85) practical significant increases were 

found in the TD of both groups in vertical and horizontal jumps performance (power) and in their 

seven-stage abdominal strength performance (maximal strength), while small (d≥0.25) and 

medium (d≥0.55) practically significant increases were found in the sit-ups (strength endurance) 

and squats (maximal strength) of the same developmental group. The TD sub-group of the CG 

showed bigger increases in all the tests over the two-year period. The biggest increases in 

strength and power in TD of both groups were found between T2 and T3 (age 14.17 – 14.68 

years). TD showed the biggest increase in stature and body mass. The ED of the intervention 

group showed large (d≥0.85) significant increases in strength (maximal strength; squats and 

seven-stage abdominal strength and strength endurance; sit-ups) over the two-years compared 

to the increases that were seen in the CG which were not significant. 

 



   CHAPTER 4 

97 

Table 4:  DESCRIPTIVE CHARACTERISTICS AND SIGNIFICANT DIFFERENCES BETWEEN FOLLOW-UP ANTHROPOMETRIC 

MEASUREMENTS OF BOTH GROUPS (EG) (CG), ALSO DIVIDED INTO SUBGROUPS 

Means for 4 measurement Difference between measurements Difference over two 
years 

 T1 
M 

T2 
M 

T3 
M 

T4 
M 

T1-T2 
Feb-Aug 2015 

T2-T3 
Aug 15 – Feb 16 

T3-T4 
Feb-Aug 2016 

T1-T4 
Feb 15 – Aug 16 

EG CG EG CG EG CG EG CG EG CG EG CG EG CG EG CG 
Height (cm) (MSE = 1.24 ; Variance participants = 53.82) (Sub-group2* Test p-value = 0.00) 
LD 168.02 162.92 171.02 164.70 172.84 166.47 173.85 168.65 3.00# 1.78 0.44 1.77 1.67 2.65 5.11## 6.2## 
ED 175.91 175.11 177.38 176.26 178.58 177.02 179.80 177.92 1.47 1.15 0.87 0.30 1.62 1.60 3.97# 3.05# 
TD 162.93 161.51 166.19 164.79 169.98 168.94 173.69 173.12 3.26# 3.28# 4.40# 5.16## 2.91# 3.03### 10.57### 11.47### 
 
Weight (kg) (MSE = 6.57 ; Variance participants = 109.39) (EGCG* Sub-group2* Test p-value = 0.017) 
LD 60.78 56.89 64.97 59.54 66.53 64.74 68.78 67.44 4.18# 2.65 0.9 5.20# 2.57 2.92 7.65## 10.77### 
ED 71.08 71.25 73.78 72.80 77.11 79.67 78.78 84.48 2.70 1.55 3.17 6.65## 1.86 5.15# 7.73## 13.35### 
TD 52.15 55.99 55.38 59.63 60.58 62.98 64.28 66.80 3.22 3.63 5.49# 3.83 3.31 3.27## 12.04### 10.75### 
 
Fat percentage (%) (MSE = 7.054 ; Variance participants = 10.87) (EGCG* Sub-group2* Test p-value = 0.217)          (p-value = 0.128 EGCG) 
LD 11.48 12.38 10.74 13.11 10.46 13.09 11.06 12.80 -0.74 0.73 -0.13 -0.02 0.53 -0.34 -0.33 0.36 
ED 9.88 9.09 9.15 9.29 9.54 14.08 10.06 13.05 -0.73 0.20 0.43 4.83### 0.47 -1.10 0.18 3.93### 
TD 10.08 12.95 9.69 12.58 9.50 11.79 9.93 11.13 -0.39 -0.37 -0.25 -0.89 0.43# -0.53 0.93 -1.81 
 
Sitting height (cm) (MSE = 1.41 ; Variance participants = 14.10) (Sub-group 2 p-value = 0.002) 
LD     84.20 80.25 85.84 81.80     0.42# 0.39   
ED     89.75 87.35 91.08 90.00     0.34 0.67##   
TD     82.96 82.57 85.06 84.81     0.60## 0.57##   
 
Sitting height ratio (MSE = 4.58; Variance participants = 0.00) (Sub-group 2 p-value = 0.019) 
LD     0.49 0.48 0.49 0.48     0.26 0.07   
ED     0.50 0.49 0.50 0.50     0.20 0.72##   
TD     0.48 0.48 0.49 0.49     0.26 0.33   

MSE = Mean Square Error; LD = Late Developers; ED = Early Developers; TD = Typical Developers 
Statistically significant p-values; p<0.05 considered statistically significant 
Practically significant effect (#=Small; ##=Medium; ###=Large) 
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Table 5:  DESCRIPTIVE CHARACTERISTICS AND SIGNIFICANCE OF DIFFERENCES BETWEEN FOLLOW-UP FITNESS MEASUREMENTS 

(STRENGTH & POWER) OF BOTH GROUPS (EG) (CG), ALSO DIVIDED INTO SUBGROUPS 

Means for four measurement Difference between measurements Difference  
over two-years 

 T1 
M±SE 

T2 
M±SE 

T3 
M±SE 

T4 
M±SE T1-T2 T2-T3 T3-T4 T1-T4 

EG CG EG CG EG CG EG CG EG CG EG CG EG CG EG CG 
Vertical jump (cm) (MSE = 18.4 ; Variance participants = 27.1) (Test p-value = 0.00) 
LD 36.73 27.48 36.52 33.86 43.47 37.61 41.18 32.33 -0.21 6.37### 6.5### 3.75## -2.07 -5.12## 4.21## 5.0## 
ED 39.41 41.34 37.72 40.09 42.20 46.99 42.88 40.26 -1.68 -1.25 4.37## 6.75### 0.81 -6.5### 3.5# -1.0 
TD 33.75 31.18 34.31 33.10 40.13 37.02 40.11 37.98 0.56 2.22 6.02### 3.95## -0.28 0.88## 6.29### 7.06### 
 
Horizontal jump (m) (MSE = 0.018 ; Variance participants = 0.033) (Test p-value = 0.00) 
LD 1.76 1.60 1.80 1.73 1.97 1.86 2.015 1.95 0.03 0.12## 0.16## 0.12## 0.04 0.09# 0.24### 0.34### 
ED 1.94 1.90 1.93 1.93 2.01 2.02 2.06 2.01 -0.01 0.02 0.07 0.09# 0.05 -0.007 0.12 0.11# 
TD 1.75 1.63 1.78 1.65 1.89 1.81 1.99 1.89 0.03 0.01 0.11# 0.17## 0.08# 0.06### 0.23### 0.25### 
 
7Stage abdominal strength (unit) (MSE = 1.27 ; Variance participants = 0.495) (Test p-value = 0.00) 
LD 3.57 2.48 3.42 3.73 5.11 3.48 4.26 4.74 -0.14 1.25### 1.71### -0.25 -0.85## 1.25### 0.71# 2.25### 
ED 2.98 3.47 3.60 3.97 4.34 4.96 5.35 5.48 0.62# 0.5# 0.75## 1.0## 1.00## 0.5# 2.37### 2.0### 
TD 3.03 2.94 3.40 3.57 4.85 4.99 5.09 5.27 0.37 0.63# 1.43### 1.39### 0.25 0.30### 2.06### 2.33### 
 
Sit-ups (unit) (MSE = 167.08 ; Variance participants = 31.96) (Test p-value = 0.00) 
LD 55.29 44.32 50.72 55.07 59.00 55.82 60.51 56.02 -4.57 10.75## 8.14## 0.75 1.57 0.25 5.14# 11.75## 
ED 57.59 56.11 54.21 53.61 69.37 44.66 69.71 60.08 -3.37 -2.5 15.12### -9.0## 0.37 15.5### 12.12### 4.0 
TD 55.55 49.9 61.83 53.35 69.11 61.18 60.69 56.09 6.28# 3.45 7.34# 7.93## -8.5## -5.21 5.12# 6.18# 
 
Squats (MSE = 0.029 ; Variance participants = 0.031) (Test p-value = 0.00) 
LD 1.45 1.18 1.42 1.31 1.53 1.39 1.54 1.47 -0.02 0.12## 0.12## 0.08 -0.001 0.07 0.09# 0.28## 
ED 1.43 1.48 1.37 1.45 1.46 1.34 1.63 1.39 -0.05 -0.03 0.09# -0.10 0.16## 0.04 0.2## -0.09 
TD 1.40 1.25 1.40 1.23 1.42 1.31 1.54 1.39 0.00 -0.01 0.18 0.06 0.13# 0.09## 0.14## 0.14 
MSE = Mean Square Error; LD = Late Developers; ED = Early Developers; TD = Typical Developers 
Statistical significant p-values; p<0.05 is considered statistically significant 
Practical significant effect (#=Small; ##=Medium; ###=Large) 
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4.5 DISCUSSION 

The aim of this study was to determine whether the growth spurt had an influence on the 

development of strength and power training on boys during mid-adolescence by comparing a 

group of boys who participated in a sport conditioning programme to a control group who did not 

participate in sports or such a training programme. In addition, each of these groups was also 

grouped into sub-groups that represented boys who were in different developing stages, as the 

timing of the growth spurt has differential effects on strength and power during different stages 

of development (early, late and typical developers). 

Results showed an average increase of 6.71cm in height and 10.38kg in weight in the group 

over the two-year period which agrees with other findings. A large practically significant 

difference between the increase in fat percentage of the EG and the CG is reported in this 

study.  Research indicates that motor performance and fitness, that includes strength and 

power, of boys are influenced by three areas of growth during the developing years, namely 

neural, structural and genital (3). Structural growth which refers to increases in height and 

weight shows a steep increase during the adolescent phase (3; 24). Body weight has a growth 

pattern similar to height with a peak in weight increase that coincides with Peak Height Velocity 

(PHV) in boys at age 14 (19; 37; 44). Santrock (40) reports that boys can reach up to 50% of 

their adult weight during adolescence and gain on average 9.5kg/year during this accelerated 

growth phase (37).  

Small but significant relationships were furthermore found between body composition 

characteristics and motor capabilities where changes in height, mass and fat percentage related 

significantly during different periods of the two-years of the study with these fitness 

characteristics. Increasing height during the second six months (T2-T3) and over the overall 

period (T1-T4) had a significant relationship with strength and power development. In the squat 

test that measure maximal leg / lower body strength it was found that the Experimental group 

who participated in school sports and in the additional training programme showed higher mean 

scores compared to the late and typical developer sub-groups at every test interval and at T3 

and T4 compared to the CG. At T1 the mean scores of all three developmental groups of the 

EG was already equal or higher than the scores at T4 of the CG. Increases in strength and 

power coincided in this study with the time of maximal growth (T2-T3; age 14.17-14.68yrs) of 

the group. In this matter De Ste Croix (10) reports a strength acceleration phase during puberty, 

for about two-years, after which strength continues to increase linearly into late adolescence. 

Rowe et al. (39) state that although physical stature, age, weight and gender play a significant 

role in the potential strength of a person, only 40-70% of strength development is influenced by 

these factors. Thus, even though the improvement of strength and power of the TD boys were 
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during the period of no intervention, the improvement can be due to testosterone secretion 

which increases fourfold during early puberty with a further twenty fold increase during mid-

puberty (39), since the biggest increase in strength for the CG was during the same time. In 

addition as indicated by several researchers, neurological adaptation also plays an important 

role in strength development (10; 32), and this neural adaptation could also be the result of the 

extra training programme that the EG was subjected to during the first six-months (time of 

intervention programme). The results obtained by the early developers of the experimental 

group strengthen this argument. These boys had already passed through their growth spurt, 

where their total increase in height over the two-years was only 3.97cm (EG) and 3.05cm (CG). 

During this period an increase in maximal strength (squat test) of 0.2 is found in the ED of the 

EG which showed medium practical significance compared to a decrease of -0.09 that was 

found in the ED of the CG. The same trend was also found in the power results of the early 

developers in the EG, where their vertical jump height improved with 3.5cm compared to a 

decrease of -1.0cm in the CG. It can thus be concluded that the training programme had an 

improving effect on power and strength of ED boys. 

During puberty, an increase in testosterone production of up to 20-fold, is reported for boys 

which results in a marked increase of muscle mass (5). In the development of strength the male 

sexual hormone is of significance because of its anabolic (protein incorporating) component 

(17). This effect facilitates the synthesis of muscle protein. Consequently early maturing boys 

are stronger than those who are slower to mature. However, according to Naughton et al. (29) 

this difference in strength is levelled out at the end of puberty. Again these findings are 

confirmed by our results, especially if we consider the results that were found in the CG who 

served as a reference group for growth without the effect of additional training during this period 

of two-years. At T1 the ED of the CG were already stronger than the TD and even more so 

when compared to the LD at the end of the study at T4 when the height of these three groups 

has evened out and the strength of the TD and LD caught up with that of the ED. From the 

results of the EG we can conclude that the training programme had a significant effect on all 

three development groups as all the groups showed a significant increase in strength from T1 to 

T4. 

Power is the result of applying force (strength) quickly (42). Muscle mass seems to have a great 

influence on the power of adolescents as reported by Kriemler et al. (20) who found that the 

significant difference (p<0.05) that they found between the vertical and the reaching height was 

dependent on the adolescents’ muscle mass. A significantly positive correlation (R²=0.78 –0.86, 

p<0.01) between muscle volume and muscle power is also reported by O’Brien et al. (30) in 

children and young adults. Higher power could therefore be attributed to the fact that a larger 
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lean body mass and muscle mass produces greater anaerobic power (27). This finding is 

confirmed by the results of our study where the TD of CG showed no increase in fat percentage 

(-1.81%) over the two-years, as well as the best improvement in vertical jump height (7.06cm) 

over the two-years. Compared to this the ED of CG showed an increase in fat percentage 

(+3.93%), with the smallest improvement in vertical jump height (-1.0cm) as well as in horizontal 

jump distance (0.11cm). 

Intervention effects of the strength programme were found although small in magnitude. The 

intervention programme had limitations which might have influenced these effects that should 

be acknowledged. As partaking in this conditioning programme was part of the school roster, 

the only time that was left for this additional strength training was two times per week after 

school, of which one session was used to improve speed and agility. The researcher was 

therefore left with only one session per week for strength training, while it is reported that at 

least three days of strength training are needed to improve strength optimally at this age. If this 

principle regarding the frequency and intensity of strength training could have been applied, it 

might have provided a different outcome on strength training during adolescence. The fact that 

the EG was also only subjected to an intervention programme for six-months at the beginning of 

the year during (Feb-Aug) the specific sporting season with six-months of rest that follows, 

might also have had a reductive effect on the improvement of strength and power that was 

generated by the programme during that period. The content of the intervention program can 

also be described as general, rather than sport specific, as it had to accommodate the fitness 

needs of the different school sports codes (athletics, cricket, field hockey, rugby) that it had to 

address. In this regard, athletes and cricketers need power, while rugby players need maximal 

strength. The limited time of the programme had to address these different needs which might 

have influenced the specificity of development of both strength and power. Although adherence 

to the programme was good, regular partaking in the programme needs to be fit in by the boys 

between all the other activities that they also have to participate in. In addition it should also be 

remembered that boys of this age are still quite active although they do not necessarily 

participate in school sports and this habitual physical activity could also have contributed to the 

improvement that was seen in the CG. 

Although the study was done over a longitudinal period of two-years, which is a strength of the 

study, the study design still had limitations, especially regarding the small groups that were 

compared with each other. In addition, the researchers were not able to monitor the complete 

developmental time period of pubertal changes in the study due to practical reasons such as the 

age when children move from primary school to high school where this study was conducted. 

More research, based on bigger groups, is therefore needed to confirm these findings, as well 
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as longitudinal studies that span the full pubertal period, which includes the ages between 11 

and 16 years. 

4.6 PRACTICAL APPLICATIONS 

From the results we can conclude that the participants in the EG obtained a positive effect of 

the programme, although to a limited extent on strength development. Although the strength 

training during the mid-adolescence period had a rather small effect on the improvement of 

strength and power in the boys before they reach PHV and peak gains is seen in fat free muscle 

mass, as it was in the case of the TD, it did show a positive effect on their neural adaptation to 

strength training. This might contribute to improved sport performance and functional strength, 

as well as with the prevention of injuries like back and neck injuries from scrumming in rugby or 

bicep impingement from repetitive bowling in cricket and hamstring ruptures from sprinting 

(athletics). This conditioning effect of the programme was clear, as limited injuries were reported 

in the group that participated in the programme during the pubertal growth period that is known 

for a number of growth related injuries to occur especially in contact sport (28).   

When the training guidelines as set in the LTAD model are taken into consideration it can be 

concluded that this programme was well designed for the majority of the group which included 

typical, early and late developers. Balyi et al. (4) states in this regard that although sports 

participants may exhibit special talent during the Train-to-Train stage which falls in the mid- 

adolescence period, they still need to allocate more time to training skills and improve physical 

capacities such as strength, power, speed and agility rather than competing in formal settings 

during this period. Lastly, research also confirmed an interaction between growth, maturation 

and training. Accordingly late developers benefit most from training associated with neural 

adaptation, whereas early developers benefit most from training that may be associated with 

both neural and morphological adaptations. It will therefore be better to train and develop all 

motor fitness skills of boys in their mid-adolescence rather than training sportspecific motor 

fitness capabilities, e.g. only maximal strength for a rugby player. Training of only sport specific 

motor fitness capabilities might also lead to overuse injuries and muscle imbalances that can 

once again cause posture related injuries during this vulnerable growth period. 
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CHAPTER 5 

SUMMARY, CONCLUSION, SHORTCOMINGS AND 

RECOMMENDATIONS 

 
5.1  SUMMARY 
5.2 CONCLUSIONS 
5.3 RECOMMENDATIONS 
5.4 SHORTCOMINGS AND FUTURE RESEARCH RECOMMENDATIONS 
 

5.1 SUMMARY 

This study investigated the effect of the growth spurt, a period that is characterised by 

acceleration in growth on the training of strength, power, speed and agility in boys during mid-

adolescence. Firstly it was intended to determine whether the growth spurt will have an effect on 

the development of speed and agility in mid-adolescent boys who were subjected to a training 

programme in comparison with a control group who did not participate in sports or the training 

programme. Secondly the study wanted to determine the effect of the growth spurt on the 

development of strength and power during mid-adolescence. Chapter 1 contains a full 

discussion of the problem statement, objectives and hypotheses. 

Chapter 2 provides a literature review regarding studies that have been done on the influences 

of the growth spurt during mid-adolescence in boys that includes the development of 

anthropometrical characteristics (height, body mass, fat percentage) and motor- and fitness 

capabilities during this period and the relationship among these variables. It also reviewed the 

findings of studies regarding the training of speed, agility, strength and power during the mid-

adolescence period. 

This literature review revealed that approximately the first two decades of human life are 

dominated by growth, maturation and development in all aspects of life. These include physical, 

emotional and cognitive development. Stature undergoes several periods of accelerated growth, 

with the biggest changes during adolescence. The literature review also revealed that the 

largest increase in length occurs between the ages of 13–15 years, with peak height velocity of 

up to 12cm per year around the age of 14 years in boys. Body mass has a similar growth curve 

to that of length with an increase of up to 9.5kg per year between the ages of 13- to 15-years 

and reach peak mass velocity at age 14 years. Sitting height shows a linear development with 

acceleration in growth around the age of 13.5 years. Between the ages of 12- to 15-years, 

sitting height is reported to be about 50% of the total height. 
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Literature findings regarding the development of motor- and fitness capabilities that includes 

speed, agility, strength and power was also investigated. The literature findings reveal that 

speed develops systematically during the 12 months before PHV and reaches a peak that 

coincides with the peak of PHV, after which speed reaches a plateau about 12-18 months after 

PHV. Improvements in speed are reported to correlate with changes in stature and sitting height 

and body mass. Agility shows a similar developmental curve as speed. Agility starts to develop 

12 months before peak height growth and reaches its peak at the start of peak height growth, 

after which a plateau is reached. It is reported that agility can increase with up to 20% during 

puberty and that it is affected by body composition (lower body fat vs. higher muscle mass) as 

well as by stature, relative limb length, and height of the centre of gravity. This literature review 

reveals that strength increases in a linear pattern in boys from early childhood until the onset of 

puberty (13-14 years). A strength acceleration phase is reported during puberty, of about two-

years, after which strength continues to increase linearly into late adolescence. One of the main 

factors responsible for the increase in strength with the onset of puberty is testosterone. 

Strength of the upper and lower extremities furthermore does not show the same developmental 

trends where the strength in the lower extremities shows accelerated increases about one year 

before the upper-body. It is reported that strength of the legs increases about two-years before 

PHV and in the upper-body only one year before PHV. Power shows a similar estimated velocity 

curve to that of height with a velocity increase of 1.5cm/year, 12 months before peak height 

velocity and reaching a peak coincident with peak height velocity in boys between the ages of 

12–14 years. Most of the research on the training of motor- and fitness capabilities is done on 

different types of strength training of adolescents and the effect it has on the improvement of the 

other capabilities. Research further more showed that there are a few windows of optimal 

trainability during adolescence for motor fitness capabilities. 

Trainability refers to the individual’s responsiveness to a training stimulus at various stages of 

growth and maturation. By monitoring growth one can identify the sensitive periods of 

accelerated adaptation to training of motor fitness capabilities in boys aged 12–15 years. Taking 

into consideration that boys during mid-adolescence have increased testosterone levels, 

increased body weight and muscle mass as well as increasing limb length, it is argued by 

researchers that the period after PHV is the perfect time to train and improve strength and 

power in boys. Due to the disproportion of body segments and the increase in complexity of 

neural networks during adolescence, especially during the years pre-PHV when boys lack the 

necessary motor coordination and strength to effectively orientate, stabilize, and apply force 

through their lower limbs to produce optimal speed. The years after PHV are identified as the 

sensitive period for training speed and agility. 
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Chapter 3 is presented in the form of an article and will be submitted to the American Journal of 

Human Biology. This article determined whether a speed and agility training programme can 

counter the possible negative effects of growth on boys aged 13- to 15-years. A convenience 

sampling method was used and 86 boys between the ages of 13.6 years (age at baseline 

during the first measurements) and 15.2 years (age at last measurements) were recruited to 

participate in the study. They were divided into an experimental group (n=47) who participated 

in structured school sports. A reference group (n=39) consisted of similar aged boys, selected 

based on the criteria that they did not participate in any structured sport or training programmes 

in order to be able to compare the EG with a unmitigated growth group. Both groups were 

subjected to standard anthropometric protocols measuring height, sitting height, weight and 

skinfolds to determine fat percentage and a combination of motor fitness protocols for speed (10 

m and 40 m speed) and agility (agility T-test, and  shuttle runs). Four measurements, one every 

six months from February 2015 to August 2016 were taken over a two-year period. During this 

period the EG was subjected to a training programme to improve strength, power speed and 

agility for the first six-months of every year two times per week for 45 minutes. Data were 

analysed for descriptive purposes using means (M), standard deviations (SD), minimum and 

maximum values and lower and upper quartiles (Statsoft, 2015). Spearman correlation analysis 

was done to determine changes in anthropometric and physical and motor fitness 

measurements. A hierarchical linear model was used with subject number as the primary unit of 

measurement, and AR(1) covariates structure to analyse the differences between the three 

measuring points over a period of two-years within each group for all the speed and agility 

variables. Practical significance of differences between means was determined according to 

Cohen’s d-value 0.25 (small), 0.55 (medium), and 0.85 (large) (Cohen, 1992). It gives the 

results that were found regarding developmental changes of anthropometric measurements 

(stature, body mass, fat percentage, sitting height, sitting height ratio) and motor fitness 

capabilities (speed, agility) of mid-adolescent boys during this period. Results of the correlation 

analysis between body composition changes and changes in speed and agility showed small 

but significant relationships mostly between T2-T3 which was between the ages of 13.68–14.18 

years. Increasing height during the same period had a significant relationship with speed and 

agility performance. For the hierarchical linear analysis each group (EG & CG), was sub-divided 

into three subgroups based on their age at PHV, classified as early (ED) (EG, n=8; CG, n=2), 

late (LD) (EG, n=7; CG, n=4) and typical (TD) developers (EG, n=32; CG, n=33). The TD of 

both groups showed the biggest increase in speed during the first six-months (T1-T2) followed 

by an increase in agility during the second six-months. During T1-T2, the time during which the 

biggest increase in leg length and a subsequent loss of motor coordination had been expected 

in a number of participants (TD and LD), the agility of the EG showed a bigger increase than the 

CG. The ED of CG only started to show a significant increase at T3-T4, the time during which all 
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growth-related imbalances were sorted out based on their growth history in the study. Both 

groups showed improvement in speed and agility over the two-year period of growth. Over the 

time period of two-years the results of the CG showed a statistically significant higher 

improvement in both speed and agility for the full period compared to the EG who were 

subjected to an intervention programme but the results showed that the EG had better values in 

the beginning of the study implicating more skill and conditioning at the start of the study which 

is most probably the result of competing in sport from an early age. The strength and agility 

programme that they participated in contributed to maintaining of these higher scores from the 

beginning in the EG group throughout the two-years compared to the control group (CG) who 

did not participate in sport or the intervention programme. The improvements that were found in 

the CG are therefore considered to be the result of natural development of speed and agility as 

also confirmed by other research studies. Unstructured play and other habitual physical 

activities of the CG were however, out of the control of the researchers and could also have 

contributed to the improvement in this group as boys of this age are still considered to be quite 

active in their daily lives. It is concluded that the strength, speed and agility training had a 

conditioning effect on the boys in the EG which is a favourable finding in the sense that it can 

contribute to prevention of especially overuse injuries like ankle sprains, muscle strains, shin 

splints and stress fractures and other growth-related injuries and pains like mechanical lower 

back pain and chondromalicia patella and cruciate ligament ruptures during their sports 

participation. These injuries are usually high in the growth spurt phase and are mainly caused 

by a lack of agility and poor muscle recruitment. Very few of these injuries were reported in the 

EG who only reported two ankle and one hamstring strain among the 47 boys over the two-year 

period. 

Chapter 4, presented in the form of an article and submitted to the Journal of Strength and 

Conditioning Research, aimed to determine whether a strength and power training programme 

will counter the possible negative effects of the growth spurt on these fitness capabilities during 

mid-adolescence in boys. A convenience sampling method was used and eighty six boys 

between the ages of 13.6-15.2 years were divided into an experimental group (n=47), subjected 

to a training programme for the first six-months of every year, and a reference group (n=39), of 

similar aged boys who did not participate in any structured sport. Both groups were sub-divided 

further into sub-groups based on their age at PHV, classified as ED, LD, TD. Both groups were 

subjected to standard anthropometric protocols measuring height, sitting height, weight and 

skinfolds to determine fat percentage and a combination of motor fitness protocols for strength 

(squat, sit-ups, seven-stage abdominal strength) and power (vertical jump, horizontal jump) over 

two-years, these include four measurements, one every six-months from February 2015 to 

August 2016. During this period the EG was subjected to a training programme two times per 
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week for 45 minutes to improve strength, power, speed and agility for the first six-months of 

every year. The results from the four measurements, regarding developmental changes of 

anthropometric measurements (Height, body mass, fat percentage, sitting height, sitting height 

ratio) and motor fitness capabilities (strength, power) of mid-adolescent boys during this period 

were analysed for descriptive purposes using means (M), standard deviations (SD), minimum 

and maximum values and lower and upper quartiles (Statsoft, 2015). Spearman correlations 

analysis was done to determine changes in anthropometric and in physical and motor fitness 

measurements. A hierarchical linear model was used with subject number as the primary unit of 

measurement, and an AR(1) covariates structure to analyse the differences between the three 

measuring points over a period of two-years within the group for all variables. Practical 

significance of differences between means was determined according to Cohen’s d-value 0.25 

(small), 0.55 (medium), and 0.85 (large) (Cohen, 1992).  

Small but significant interrelationships were found between body composition characteristics 

and motor capabilities (strength, power) where changes in height, mass and fat percentage 

related significantly during different periods of the two-years with these characteristics. The ED 

of the EG of boys who had already passed through their growth spurt showed an increase in 

strength compared to a decrease that was found in the ED group of the control group (CG). The 

LD and TD of EG benefit from the neural adaptation caused by the extra training programme, 

while the ED, who had already passed through their growth spurt, benefited from muscle 

hypertrophy as a result of the extra strength training that the EG was subjected to. From this it 

can be concluded that a strength and power training programme will have a positive 

conditioning effect on neural adaptation in boys before they reach PHV and a positive 

improvement in strength and power after PHV due to an increase in lean muscle mass. 

5.2 CONCLUSIONS 

The results of the study as summarised were used to test the hypothesis of the study. 

5.2.1 Hypothesis 1 

Hypothesis 1 states that when boys aged 13- to 15-years participate in a speed and 

agility training programme, possible negative effects of growth on these fitness 

capabilities during mid-adolescence can be countered. 

This hypothesis was tested in mid-adolescent boys, by comparing a group of boys who 

participated in a strength, power, speed and agility training programme to a CG who did not 

participate in such a training programme. In addition, each of these groups was also grouped in 

three different subgroups that represented different developing stages of growth, as the timing 
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of growth spurt has differential effects on children’s development of speed and agility during 

different stages of development (early, late and typical developers), and these groups were also 

compared. This hypothesis is therefore also tested based on the results obtained for each of 

these developing groups as their growth spurts were at different time periods of the study. The 

effect of the training programme was mainly determined from the results that were obtained 

over the full period (T1-T4) of the study, for speed and agility, while taking into consideration the 

influences during the time of the growth spurt in each of these sub-groups. 

Speed 

The early developers (ED) who participated in the training programme and who were already 

beyond their growth spurt showed an overall practically significant improvement (d=>0.25 ) for 

speed of -0.06s (10m) and -0.26s (40m), compared to a decline in speed in the control group 

over this same period (T1-T4) of 0.11s (10m) and 0.4s (40m). Compared to the results obtained 

in the control group, the training programme also had a positive effect on the fat percentage of 

the EG, as their weight (body mass) gradually increased every six-months with a total increase 

of 7.73kg with only 0.18% increase in fat percentage. The CG showed big increases over the 

last two six-months (T2-T3 & T3-T4) with a total increase of 13.35kg (T1-T4) and a total 

increase of 3.93% in fat percentage. From these results it can be concluded that the training 

programme had a positive influence on the speed of the early developing boys who had already 

passed through their growth spurt and who were now in a phase where they would gain less 

from biological development of speed and more from training. The programme also contributed 

to a more appropriate weight gain and fat percentage compared to boys that did not participate 

in any training programme that is also conducive for speed performance. 

The typical developing (TD) boys of both the EG and CG had their biggest growth spurt in 

height (EG = 4.40cm; CG = 5.16cm) during the second six-months (T2-T3), age 14.17 – 14.68 

years. During this time a small significant (d= >0.25) decline in 10m speed development was 

seen in both groups. During this period (T2-T3) growth in height was 4.40cm for EG and 5.16cm 

for CG and increase in weight (body mass) of 5.49kg for EG and 3.83kg for CG is seen during 

the same period. This decline in speed can thus be the result of odd body proportions caused 

by differential rates of growth in different body segments. Although similar trends of an 

improvement before PHV (T1-T2) and a deterioration at PHV (T2-T3) is seen in both EG and 

CG, the improvement during the first six-months during which the EG was subjected to the 

additional strength and agility programme was statistical significantly bigger than that was seen 

in the CG while the deterioration during the second six-months was less in the EG compared to 

the CG. A conditioning effect rather than a training effect can therefore be seen in the EG during 
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the period of accelerated growth (T2-T3), leading to the conclusion that the negative effect of 

the growth spurt can be countered to a degree by a speed training programmes in TD boys. 

As for the late developers, where the effects of the growth spurt hasn’t realised yet and the 

increases in height was less than 3.0cm during any given six-months periods, speed (10m) 

showed improvement during T1-T2 in both EG and CG and in their total improvement, which 

had medium statistical significance for both groups. A positive training effect was therefore 

found in the Late developers of the EG, were speed continues to improve while a drop in speed 

was found in the CG after T2-T3. 

These results confirm that the hypothesis as stated above, can be accepted for speed. 

Agility 

When analysing the results of the ED groups, who had passed through their PHV, and who had 

already experienced the benefit of early maturing on agility, a training effect of the programme 

was found. The EG showed an overall improvement of -0.6s (T-test) and a small deterioration -

3.25m (Shuttle runs), compared to a deterioration of 0.15s (T-test) and -120.5m (Shuttle runs) of 

the CG over the same period (T1-T4). The biggest improvement for both groups was during T3-

T4. This may be due to the fact that speed (evident from the results in this study) and strength, 

which are the building blocks of agility, had already increased in these groups, since their 

segmental growth had even out and their secretion of testosterone has started.  

The agility of the TD boys of EG and CG showed consistent increase every six-months with the 

biggest increase showing moderate significance, during the second six-months (T2-T3; when 

they were aged between 14.17-14.68) which is the same time of maximal growth in this group. 

The increase in agility for the boys in the EG was however better than that of the CG during 

both the first and the second six-months which can be the result of the extra strength and agility 

training that the EG received. 

The agility of the LD group showed the same development trends as for speed, with little 

differences in the development or improvement of the two-groups over the two-years. However, 

the EG had better scores during each testing opportunity which can be attributed to the training 

programme that they participated in. 

These results confirm that the hypothesis as stated above needs to be partially rejected for 

agility. 

The overall results indicated that although the growth spurt had an influence on the speed of TD 

it doesn’t seem to affect their agility. The speed and agility of the TD in the EG showed a better 
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development during the same time of the intervention (T1-T2), the overall speed and agility 

improvement of the ED in the EG compared to the deterioration of the CG and the small 

difference between the results of the EG and CG of the LD shows that the growth spurt does 

have an influence on the development of speed and agility in boys during adolescence but this 

negative effect can be countered by a well-designed training programme. 

Based on these overall results for speed and agility, hypothesis 1 is only partially 

accepted for speed and agility. 

5.2.2 Hypothesis 2 

Hypothesis 2 states that a strength and power training programme will counter the 

possible negative effects of growth on these fitness capabilities during mid-adolescence 

in boys. 

This hypothesis was tested in mid-adolescent boys, by comparing a group of boys who 

participated in a sport conditioning programme to a reference group who did not participate in 

such a training programme. In addition, each of these groups was also grouped in three 

different sub-groups that represented different developing stages of development, as the timing 

of growth spurt has differential effects on children’s development of strength and power during 

different stages of development (early, late and typical developers), and these groups were also 

compared. This hypothesis is therefore also tested based on the results obtained for each of 

these developing groups as their growth spurts were at different time periods of the study. The 

countering effect of the training programme will mainly be determined from the results that were 

obtained over the full period (T1-T4), for strength and power, while taking into consideration the 

influences during the time of the growth spurt in each of these sub-groups. 

Strength 

The biggest statistically significant change was found in the ED of EG over the full period (T1-

T4) of the study. The squat test, maximal strength, of the EG improved by 0.16, a medium 

significance and the CG deteriorate with -0.09 over the two-years (T1-T4). Although both the EG 

and the CG showed a large statistically significant increase in the seven-stage abdominal 

strength test the improvement of the EG was bigger. Sit-ups (strength endurance test) of the EG 

improved with 12.12 sit-ups during the full period (T1-T4), compared to the mean improvement 

of four sit-ups as found in the CG during the same time. This increase in strength can be 

attributed to morphological (height and weight increases) and hormonal changes (increase in 

testosterone secretion) that took place during an earlier chronological age of this group and 

which contributed to the bigger improvement of the motor fitness abilities (strength) of the EG 
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that was subjected to a training programme. The results of the ED showed that the training 

programme had a significant improvement on the development of power and strength of the EG. 

As for the TD it was found that their biggest growth spurt was between T2 – T3 (age 14.17-

14.68 years). During this time period a big increase in weight and a decrease in fat percentage 

were found in the TD boys of both EG and CG. It was also during this period (T2-T3) that the 

biggest improvement in all three strength tests was seen in the TD of both groups. However, the 

effect of the training programme is seen in the fact that the increases in the squat and seven-

stage abdominal strength (maximal strength) were better in the EG than the CG. This can be 

due to the neural adaptation that took place during the intervention that took place during the 

first six-months. 

In the late developing group, where the effects of the growth spurt had not made an impact yet, 

a statistically significant better improvement in strength was found in the CG over the full period 

(T1-T4). However, the EG showed better results with each test opportunity compared to the CG, 

leading to the conclusion that the training programme had a conditioning effect on the motor 

fitness capabilities (strength) of the EG from which they will capitalize once morphological 

(height and weight increases) and hormonal changes (increase in testosterone secretion) 

started to take place. 

These results indicate that hypothesis 2 regarding strength can only be partly accepted as 

growth had a positive effect on the development of strength in ED and TD of both groups and 

the training effect of the programme was only evident in the ED of the EG who had already 

passed through their PHV. 

Power 

The early developers in the EG who participated in the training programme and who were 

already beyond their growth spurt, showed an overall practically significant improvement of 

3.5cm in vertical jumping, compared to the deterioration of -1.0cm that was found in the CG. 

The training programme also had a positive effect on the lean muscle mass of the EG during 

this time, as their weight increased by 7.73kg with only a small increase of 0.18% in fat 

percentage. The CG showed big increases of 13.35kg in weight and 3.93% in fat percentage 

over the same period. 

During the same time (T2-T3) in which the typical developers experienced their biggest growth 

spurt, the biggest increase in vertical jump performance was found in the EG group, an increase 

of 6.02cm (EG) compared to 3.95cm for the CG. This can be due to the increase of lean muscle 
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mass in conjunction with the improvement of strength during the same time period (T2-T3) for 

the EG which is a direct effect of the training programme of the first six-months. 

As for the late developers no development trends were evident for power but from the study 

results it’s evident that strength and power training have a positive effect on the power of boys, 

as the EG scored higher at each test opportunity. 

These results indicate that hypothesis 2 regarding power can only be partly accepted as growth 

had a positive effect on the development of power in ED and TD of both groups and the training 

effect of the programme is only evident in the ED of the EG who has already passed through 

their PHV. 

Based on these results, Hypothesis 2 can only be partially accepted as results indicated 

that the growth spurt had a positive effect on the training of strength and power of TD 

and ED, with little or no effect on LD who hadn’t reached their PHV yet. 

5.3 RECOMMENDATIONS 

It is concluded from the findings of this study that the growth spurt during the mid-adolescent 

period of boys has an influence on the development of motor fitness capabilities such as speed, 

agility, strength and power. This influence can be both positive and negative, positive in the 

sense that biological maturity during this period will contribute to improved speed and agility, 

strength and power, while in a negative sense, a heightened incidence of stress-related injuries 

can be found during this unstable period of accelerated growth.  

The findings of the study revealed positive effects of the training programme, although modest 

in effect, and also differential in effect among boys who were in different growth stages for 

speed, agility, strength and power capabilities during this period of accelerated growth and 

development. It was, however, also found that the improvement of the specific motor fitness 

capabilities was not the only effect, but a general conditioning effect was also established in the 

intervention group. Both these effects can contribute to improved sports skill performance and 

prevention of overuse injuries at this vulnerable maturational age. 

The results of this study can be helpful in providing guidelines for training but also for long-term 

planning of training of adolescent boys especially during the mid-adolescent period and the 

period following that. The following important guidelines can be given.  

 Coaches should firstly be knowledgeable regarding the developmental stage of a boy as it is 

important to use this knowledge to plan the most optimal training or conditioning programme 
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around his growth strengths and limitations. Our results confirmed an interaction between 

growth, maturation and training. It is concluded from the results that late developers will 

benefit most during this period of training associated with neural adaptation, whereas early 

developers will benefit most from training that may be associated with both neural and 

morphological adaptations.  

 It should be emphasized that programming for adolescent boys should always take an 

individualized approach and the needs of each athlete should be taken into consideration 

along with his stage of development (late, typical or early developer) to maximize the 

likelihood of continued progress through a long-term programme. 

 It is thus recommended that school sport coaches and teachers of boys should receive 

training on how to determine growth stages among them and how to plan training 

programmes accordingly. 

 Long-term planning for training of the mid-adolescent boys should include sprint-specific 

training as well as strength and plyometric training to develop a range of interrelated 

physical abilities that will contribute to the holistic development and conditioning of the 

young athlete for later stages. It is recommended that mid-adolescent boys can be exposed 

to similar generic training programmes as those developed for this study to assist them in 

providing the generic engine of all motor fitness capabilities rather participating in a sport-

specific fitness programme. Participating in a more general conditioning programme at this 

age will help with the prevention of growth-related injuries as well as overuse injuries that 

can be caused by repeated stresses from a specific sport and it is secondly better to 

develop a diversity of motor fitness capabilities before the age of sixteen when growth 

differences between early, late and typical developers are equalled out and a better idea of 

sports specialization per individual can be formed. 

 It would, however, be more beneficial for adolescent boys to train these motor and physical 

fitness capabilities (strength, power, speed, agility) more frequently than has been the case 

in this study. It would therefore be recommended that the frequency of this generic 

programme be increased to four sessions per week instead of two. Increased frequency can 

increase the training effect of the programme, not only in the development of the specific 

motor fitness capability but also the improvement of neural adaptation and muscle memory 

of boys during this period. 

 All of the above should be viewed as evolving guidelines as more research in this field is still 

needed. The coach can however, use these guidelines and knowledge of sensitive periods 
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for accelerated adaptation to training of motor fitness capabilities and age at PHV, to assist 

them in producing a long-term plan for developing strength, power, speed and agility and to 

inform the type of exercises that are most appropriately aligned to different stages of growth 

and maturation.  

5.4 SHORTCOMINGS AND FUTURE RESEARCH RECOMMENDATIONS 

During the planning and execution of this study, all possible planning and precautions have 

been made to complete the study in a valid and reliable manner but shortcomings were 

identified that need to be outlined. In order to make the results more generalizable and increase 

the outcome of future similar studies, the following shortcomings are highlighted with possible 

recommendations in this regard. 

5.4.1 This was a cross-sectional study that involved participants from only one high school in 

South Africa, which limits the generalizability of the findings. The positive results of the 

study, but also the limitations that were identified, urge more research on this topic. 

Similar research studies are thus recommended but should be designed and conducted 

on boys representing the diversity of the South African population and all provinces across 

South Africa. 

5.4.2 The study was based on a sample of availability that included mainly white learners which 

limits the generalization of the results to other racial groups who are also part of the South 

African society. It is recommended that the selection of subjects for future studies be of 

such a nature as to result in greater generalization and representation of the racial 

diversity of the South African population. 

5.4.3 Environmental conditions were not always identical throughout the course of the study and 

could possibly have affected the outcome of the results. It is recommended that tests be 

conducted as far as possible within a controlled environment by the same administrators 

and in similar circumstances for every test opportunity. 

5.4.4 The intervention programme stretched over a six-month period with a school holiday of 14 

days in between at three months. During this holiday period the researcher had no control 

over the boys motivation to continue with the programme on their own, and consequently 

also the frequency and intensity of performing the exercises, or whether they did it at all. 

This may have affected the effects of the training programme. It is recommended that the 

effects of similar intervention programmes should rather be tested over shorter periods of 

six weeks. 
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5.4.5 Due to a busy school activity schedule it could have happened that participants in the EG 

group skipped two consecutive training sessions which might have influenced the 

improvement of certain motor fitness capabilities. The importance of keeping record of 

attendance by the researcher to determine the influence of attrition is highlighted, but also 

the importance of attendance of every session should be communicated with participants 

and they should also be encouraged to give their best during each session. 

5.4.6 The group sizes of LD and ED were small and this made the analysing of their results 

difficult. It is recommended that future studies make use of a bigger sample in order to 

include more participants that represent all developmental stages. 

5.4.7 As for the CG it should be noted that the study had no control over their habitual or 

unstructured physical activities like for instance bike riding, swimming or walking to school 

and informal play activities that boys of this age usually engage in. It is recommended that 

information of this nature should be made available to researchers of similar studies in 

order to be able to control for these effects. 

5.4.8 It might be that another reference group could have added value to the comparisons and 

could have contributed to cleaner results. It is recommended in this regard that the 

research design of this study can be improved, by adding another reference group where 

one group represents participants who participate in no sports, one group who participate 

in sports and a third group who participates in sports and are subjected to a training 

programme. 

This chapter then concludes the study by linking the specific research objectives to what 

has been achieved. 
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APPENDIX A:  AUTHOR GUIDELINES: AMERICAN JOURNAL OF 

HUMAN BIOLOGY 

ONLINE SUBMISSION 

Manuscripts 

Research reports should be prepared as one of two types: Short Reports or Original Research 

Articles.  

Original Research Articles: Original articles include presentation of results from more complex 

research designs and those with more important theoretical or methodological content or 

implications. While there are no standard limitations on the length of original articles, authors 

are cautioned to be concise in their presentations and to employ figures and tables only as 

necessary. 

Manuscript Format 

A manuscript should consist of the following subdivisions.  

 Title page 

 Abstract and key words 

 Text 

 Acknowledgments 

 Author contributions 

 Literature cited 

 Footnotes (if any) 

The spelling of nontechnical terms should be as recommended in the current Webster's 

International Dictionary. Always spell out numbers when they stand as the first word in a 

sentence; do not follow such numbers with abbreviations. Numbers indicating time, weight, and 

measurements are to be in Arabic numerals when followed by abbreviations (e.g., 2 mm; 1 sec; 

3 ml). 

Article Structure 

Title page. The title page must contain the following elements: 

 Title 

 Author's name (or names) 

 Institution from which the paper emanated, with city, state, and postal code 
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 Number of text pages, plus bibliography, number of tables, figures, graphs, and charts 

 Abbreviated title (running headline) not to exceed 48 characters and spaces 

 Name, address, telephone number, fax number, and email address of the person to whom 

the proof is to be sent. If you plan to be away while your article is in press, please inform 

the Production Editor. 

 Grant sponsorship 

Abstract. The abstract should consist of 250 words or fewer. When published, it will precede the 

introductory section of the text. The abstract should be written in complete sentences and 

should include the following sections with section heads in bold followed by a colon: 

 Objectives: A succinct statement of the goal(s) of the research. 

 Methods: A brief description of the study design, materials, subjects, data collection, and 

statistical or other analysis methods used. 

 Results: A brief description of the principal findings. 

 Conclusions: A brief statement of the conclusions drawn relative to the objectives of the 

study. 

This structure can be waived for Feature Articles and certain other articles at the discretion of 

the Editor. 

Key Words. Authors should supply 3 to 5 key words, terms, or brief phrases that will aid in 

identifying the article to electronic search engines and in indexing the content of the article. 

Text. Research articles should be concise and follow a standard organization with the following 

major sections: Introduction, Methods, Results, and Discussion. Subheadings within sections 

should be used to clarify the organization as needed. 

Metric system: 

The metric system should be used for all measurements, weights, etc. Temperatures should be 

expressed in degrees Celsius (centigrade). Metric abbreviations should be expressed in 

lowercase without periods. 

 

Symbols: 

When preceded by a digit, the following symbols are to be used: % for percent; ° for degree. 

Author Contributions. Authors should include a brief statement to specify the contributions of 

each co-author, to appear immediately before the Literature Cited section. The statement 

should not be more than several sentences long, describing the task of individual authors. 

Sample Author Contribution: 

GB, KB, and AK analysed the data and drafted the manuscript. GB, SM, and LS designed the 

study, and directed implementation and data collection. KB, LM, LS, and TS collected the data, 
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and OC provided necessary logistical support. SM, LS, OC, LM, and TS edited the manuscript 

for intellectual content and provided critical comments on the manuscript. 

References 

List all sources in the reference list alphabetically by name. In text citations should follow the 

author-date method. This means that the author's last name and the year of publication for the 

source should appear in the text, for example, (Jones, 1998), and a complete reference should 

appear in the reference list at the end of the paper. If there are multiple citations, present them 

alphabetically separated by semicolons. For works by the same author, list chronologically 

(earliest source first) or by the letters a, b, and so on for works published in the same year. 

Use of et al. is determined by the number of authors and whether it is the first time a reference 

has been cited in the paper. Specifically, articles with one or two authors include all names in 

every in-text citation; articles with three, four, or five authors include all names in the first in-text 

citation but are abbreviated to the first author name plus et al. upon subsequent citations; and 

articles with six or more authors are abbreviated to the first author name plus et al. for all in-text 

citations. 

References are styled according to the sixth edition of the Publication Manual of the American 

Psychological Association. A sample of the most common entries in reference lists appears 

below. Please note that for journal articles, issue numbers are not included unless each issue in 

the volume begins with page one. 

Journal article: 

Phelps, L. (1996). Discriminative validity of the WRAML with ADHD and LD 

children. Psychology in the Schools, 33, 5-12. 

Book edition: 

Bradley-Johnson, S. (1994). Psychoeducational assessment of students who are visually 

impaired or blind: Infancy through high school (2nd ed.). Austin, TEX: Pro-ed. 

References should refer only to material listed within the text. 

Footnotes. Footnotes to the text are discouraged. Footnotes to a table should be typed directly 

beneath the table and numbered with superscripts (1, 2, 3, etc.). They should not be numbered 

in sequence with the footnotes in the text. Also, if superscript numbers could be mistaken for 

exponents, substitute superscript a, b, c, etc. 

Tables and Figures 

Authors should limit the number of tables and figures to that which adequately presents the 

findings. Additional tables and figures may be submitted under Supporting Information and will 

be available to readers online. 

Tables. Each table should be submitted in an individual file in DOC or DOCX format and should 

be clearly presented without unnecessary formatting. Tables should be numbered consecutively 

(e.g., Table 1, Table 2, etc.). All tables must be cited in the article text. Do not embed tables in 

the article text but instead indicate where the tables belong in the article text within brackets, 
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e.g., [Table 1 here]. Table titles should be complete but brief. Information other than that 

defining the data should be presented in footnotes, not in the table heading. 

Figures. Each figure should be submitted in an individual file in TIF or EPS format. Figures 

should be numbered consecutively (e.g., Figure 1, Figure 2, etc.). All figures must be cited in the 

article text. Do not embed figures in the article text but instead indicate where the figures belong 

in the article text within brackets, e.g., [Figure 1 here]. Figure legends should be collected in a 

single DOC or DOCX file and uploaded separately during the submission process. When 

uploading figures in ScholarOne Manuscripts, please include the figure number in the 

Caption/Legend box, even though you have provided a separate list of figure legends. 

Abbreviations for all figures should be listed alphabetically and placed before the first figure 

mentioning them. 

Numbering: 

Figures, including charts and graphs, must be numbered consecutively. 

Software and format: 

The recommended format for all illustration files is TIF. JPG and JPEG format will not be 

accepted. EPS (with preview) is acceptable but not recommended. Do not submit native 

application formats. 

Resolution: 

Journal quality reproduction will require image files at resolutions yielding approximately 300 

ppi. Bitmapped line art should be submitted at resolutions yielding 600-1200 ppi. These 

resolutions refer to the output size of the file; an individual figure or group of figures should not 

exceed the dimensions of 5½" (14.0 cm) wide by 7¾" (19.7 cm) long or 2 5/8" (6.7 cm) wide by 

7¾" (19.7 cm) long in the case of single-column placement. Images should be submitted at the 

proper size for final publication. Colour figures must be submitted in RGB colourspace and will 

be published at no charge. 

File names: 

Figure files should be given the 2- or 3-letter extension that identifies the file format used (i.e., 

.tif, .eps). 

Cover art: 

Authors are invited to submit color photos or other artwork for consideration as cover 

illustrations. 

Supporting Information 

Authors are encouraged to submit supporting information that could aid readers in 

understanding the authors' findings and where appropriate to ensure that the page limits are 

met. This accompanying information may include (but is not limited to) figures, tables, video 

clips, large sections of movies (QuickTime or mpeg), data sets, programme code, and electronic 

graphical files. Supporting information must be submitted at the time of peer review, although 

the reviewers and editors may also suggest that figures or table(s) be provided as supporting 

information during the review process. Each piece of supporting information should be 

referenced within the text. Supporting information should be numbered in order, but 

independently of figures in the main article, e.g., S- Figure 1 would indicate a figure that follows 
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Figure 1 in the main text. Please note that supporting information is NOT edited by the publisher 

after final acceptance by the editors, and is posted online in the format in which it is supplied. 

Search Engine Optimization for Your Paper 

Consult our SEO Tips for Authors page in order to maximize online discoverability for your 

published research. Included are tips for making your title and abstract SEO-friendly, choosing 

appropriate key words, and promoting your research through social media. 

AUTHORSHIP IN THE AJHB 

Ethics 

The AJHB adheres to Wiley’s Ethics Guidelines available at 

http://exchanges.wiley.com/ethicsguidelines and by the guidelines produced by the Committee 

on Publication Ethics. Please contact the journal at AJHB@anthro.umass.edu with any 

questions or concerns regarding ethics in the AJHB. 

Ethical Statements 

By submitting your manuscript to the AJHB, you confirm the following ethical statements: 

 Your manuscript has not been published previously and is not currently submitted to any 

other journal. 

 Your manuscript does not contain plagiarized content. The Office of Research Integrity 

defines plagiarism as “theft or misappropriation of intellectual property and the substantial 

unattributed textual copying of another's work.” 

 Your manuscript does not contain self-plagiarized text. The Office of Research Integrity 

defines self-plagiarism as “reuse [of an author’s] own previously written work or data in a 

‘new’ written product without letting the reader know that this material has appeared 

elsewhere.” 

 All authors listed in your manuscript meet the below criteria of authorship, and all those who 

meet these criteria are listed as authors. 

 Substantial contributions to the conception or design of the work; or the acquisition, 

analysis, or interpretation of data for the work; AND 

 Drafting the work or revising it critically for important intellectual content; AND 

 Final approval of the version to be published; AND 

 Agreement to be accountable for all aspects of the work in ensuring that questions 

related to the accuracy or integrity of any part of the work are appropriately 

investigated and resolved. 

 

http://www.wiley.com/legacy/wileyblackwell/pdf/SEOforAuthorsLINKSrev.pdf
http://exchanges.wiley.com/ethicsguidelines
http://publicationethics.org/resources/guidelines
http://publicationethics.org/resources/guidelines
mailto:AJHB@anthro.umass.edu
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iThenticate 

The AJHB uses iThenticate, a plagiarism detection system. By submitting your manuscript to us, 

you agree that your manuscript may be screened for plagiarism against previously published 

works. All submitted manuscripts must be original and must not have been published previously 

either in whole or in part, except in abstract form; manuscripts published previously in another 

language may not be submitted. Also, manuscripts submitted to us must not be under 

consideration by any other journal. 

Conflict of Interest 

The AJHB requires that all authors disclose any potential sources of conflict of interest. Any 

interest or relationship, financial or otherwise that might be perceived as influencing an author’s 

objectivity is considered a potential source of conflict of interest. These must be disclosed when 

directly relevant or indirectly related to the work that the authors describe in their manuscript. 

Potential sources of conflict of interest include but are not limited to patent or stock ownership, 

membership of a company board of directors, membership of an advisory board or committee 

for a company, and consultancy for or receipt of speaker’s fees from a company. The existence 

of a conflict of interest does not preclude publication in this journal. 

If the authors have no conflict of interest to declare, they must also state this at submission. It is 

the responsibility of the corresponding author to review this policy with all authors and to 

collectively list in the cover letter (if applicable) to the Editor-in-Chief, in the manuscript’s 

Acknowledgments section, and in the online submission system ALL pertinent commercial and 

other relationships. 

Informed Consent 

The AJHB requires that all appropriate steps be taken in obtaining informed consent of any and 

all human and/or experimental animal subjects participating in the research comprising the 

manuscript submitted for review and possible publication. A statement indicating that the 

protocol and procedures employed was reviewed and approved by the appropriate institutional 

review committee must be included in the Methods section of the manuscript. For research 

involving recombinant DNA, containment facilities and guidelines should conform to those of the 

National Institutes of Health or corresponding institutions. For those investigators who do not 

have formal ethics review committees, the principles outlined in the Helsinki Declaration should 

be followed. 

Note to NIH Grantees 

Pursuant to NIH mandate, Wiley will post the accepted version of contributions authored by NIH 

grant-holders to PubMed Central upon acceptance. This accepted version will be made publicly 

available 12 months after publication. For further information, see 

www.wiley.com/go/nihmandate. 

Open Access Option 

Online Open, Wiley’s open access option, is available to authors who wish to make their article 

open access and available to all on Wiley Online Library, including those who don’t subscribe to 

http://www.wiley.com/go/nihmandate
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the journal. Authors wishing to choose Online Open will have an opportunity to do so after 

acceptance. 

AFTER ACCEPTANCE 

Signing a License Electronically 

If your paper is accepted, the author identified as the formal corresponding author for the paper 

will receive an email prompting them to login into Wiley Author Services, where via the Wiley 

Author Licensing Service (WALS) they will be able to electronically complete the license 

agreement on behalf of all authors on the paper. 

Copyright Transfer Agreement 

If the Online Open option is not selected the corresponding author will be presented with the 

copyright transfer agreement (CTA) to sign. The terms and conditions of the CTA can be 

previewed in the samples associated with the Copyright FAQs. 

Online Open 

If the Online Open option is selected the corresponding author will have a choice of the 

following Creative Commons License Open Access Agreements (OAA): 

 Creative Commons Attribution License OAA 

 Creative Commons Attribution Non-Commercial License OAA 

 Creative Commons Attribution Non-Commercial -NoDerivs License OAA 

To preview the terms and conditions of these open access agreements please visit the 

Copyright FAQs hosted on Wiley Author Services 

http://authorservices.wiley.com/bauthor/faqs_copyright.asp and visit 

http://www.wileyopenaccess.com/details/content/12f25db4c87/Copyright--License.html. 

If you select the Online Open option and your research is funded by The Wellcome Trust and 

members of the Research Councils UK (RCUK) you will be given the opportunity to publish your 

article under a CC-BY license supporting you in complying with Wellcome Trust and Research 

Councils UK requirements. For more information on this policy and the Journal’s compliant self-

archiving policy please visit: http://www.wiley.com/go/funderstatement. 

Proofs 

A set of page and illustration proofs will be sent to the author via email from the publisher. All 

corrections should be clearly marked. 

Author Services 

Authors can easily track the production process for their accepted article in Wiley Author 

Services. Other benefits available at Wiley Author Services include: 

http://exchanges.wiley.com/authors/faqs---copyright-terms--conditions_301.html
http://authorservices.wiley.com/bauthor/faqs_copyright.asp
http://www.wileyopenaccess.com/details/content/12f25db4c87/Copyright--License.html
http://www.wiley.com/go/funderstatement
http://authorservices.wiley.com/
http://authorservices.wiley.com/
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 Free access to your article for 10 of your colleagues; each author of a paper may nominate 

up to 10 colleagues. This feature is retrospective—even articles already published offer this 

feature for free colleague access. 

 Access in perpetuity to your published article. 

 Easy communication with your Production Editor via email. 

 A list of your favorite journals with quick links to the Editorial Board, Aims & Scope, Author 

Guidelines and if applicable the Online Submission website; journals in which you have 

tracked production of an article are automatically added to your Favorites. 

 Electronic signing of the license agreement for your accepted article. 

Self-Archiving Policy. Authors of articles published in Wiley journals are permitted to self-

archive the submitted (preprint) version of the article at any time, and may self-archive the 

accepted (peer-reviewed) version after an embargo period. Please visit our Self-Archiving Policy 

page for details or refer to your Copyright Transfer Agreement. 

Production Questions 

Please contact the AJHB Production Editor at jrnlprodajhb@cadmus.com. 

  

http://olabout.wiley.com/WileyCDA/Section/id-820227.html
http://olabout.wiley.com/WileyCDA/Section/id-820227.html
mailto:jrnlprodajhb@cadmus.com


   APPENDIX 

130 

APPENDIX B: AUTHOR GUIDELINES: JOURNAL OF STRENGTH 

AND CONDITIONING RESEARCH 

ORIGINAL RESEARCH 

JSCR publishes research on the effects of training programs on physical performance and 

function to the underlying biological basis for exercise performance as well as research from a 

number of disciplines attempting to gain insights about sport, sport demands, sport profiles, 

conditioning, and exercise such as biomechanics, exercise physiology, motor learning, nutrition, 

and psychology. A primary goal of JSCR is to provide an improved scientific basis for 

conditioning practices. 

ARTICLE TYPES 

JSCR publishes symposia, brief reviews, technical reports and research notes that are related 

to the journal’s mission. A symposium is a group of articles by different authors that address an 

issue from various perspectives. The brief reviews should provide a critical examination of the 

literature and integrate the results of previous research in an attempt to educate the reader as 

to the basic and applied aspects of the topic. We are especially interested in applied aspects of 

the reviewed literature. In addition, the author(s) should have experience and research 

background in the topic area they are writing about in order to claim expertise in this area of 

study and give credibility to their recommendations. 

The JSCR strongly encourages the submission of manuscripts detailing methodologies that 

help to advance the study of strength and conditioning. 

MANUSCRIPT CLARIFICATIONS 

Manuscript Clarifications will be considered and will be published online if accepted. Not all 

requests for manuscript clarifications will be published due to costs or content importance. Each 

will be reviewed by a specific sub-committee of Associate Editors to determine if it merits 

publication. A written review with needed revisions will be provided if it merits consideration. 

Clarifications questions are limited to 400 words and should only pose professional questions to 

the authors and not editorial comments (as of 19.2). If accepted, a copy will be sent to the 

author of the original article with an invitation to submit answers to the questions in the same 

manner again with a 400 word limit. 

Submissions should be sent to the JSCR Editorial Office via email: Editorial Office 

kraemer.45@osu.edu 

mailto:kraemer.45@osu.edu
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MANUSCRIPT SUBMISSION GUIDELINES 

Manuscripts should be submitted online at http://www.editorialmanager.com/JSCR or by email 

following the instructions below. If email is used to submit the paper (we encourage on-line 

submission), only one copy is required of each document including a copyright form. 

1. If by email, authors should submit a MicrosoftWord (.doc) file. 

2. A cover letter must accompany the manuscript and state the following: ‘‘This manuscript is 

original and not previously published, nor is it being considered elsewhere until a decision is 

made as to its acceptability by the JSCR Editorial Review Board.’’ Please include the 

corresponding author’s full contact information, including address, email, and phone number. 

3. All authors should be aware of the publication and be able to defend the paper and its 

findings and should have signed off on the final version that is submitted. For additional details 

related to authorship, see ‘‘Uniform Requirements for Manuscripts Submitted to Biomedical 

Journals’’ at http://www.icmje.org/. 

4. The NSCA and the Editorial Board of the JSCR have endorsed the American College of 

Sports Medicine’s policies with regards to animal and human experimentation. Their guidelines 

can be found online at http://www.editorialmanager.com/msse/. Please read these policies 

carefully. Each manuscript must show that they have had Institutional Board approval for their 

research and appropriate consent has been obtained pursuant to law. All manuscripts must 

have this clearly stated in the methods section of the paper or the manuscript will not be 

considered for publication. 

5. All manuscripts must be double-spaced with an additional space between paragraphs. The 

paper should include a minimum of 1-inch margins and page numbers in the upper right corner 

next to the running head. Authors must use terminology based upon the International System of 

Units (SI). A full list of SI units can be accessed online at http://physics.nist.gov/. 

6. The JSCR endorses the same policies as the American College of Sports Medicine in that the 

language is English for the publication. ‘‘Authors who speak English as a second language are 

encouraged to seek the assistance of a colleague experienced in writing for English language 

journals. Authors are encouraged to use nonsexist language as defined in the American 

Psychologist 30:682- 684, 1975, and to be sensitive to the semantic description of persons with 

chronic diseases and disabilities, as outlined in an editorial in Medicine & Science in Sports & 

Exercise_, 23(11), 1991. As a general rule, only standardized abbreviations and symbols should 

be used. If unfamiliar abbreviations are employed, they should be defined when they first 

http://www.editorialmanager.com/JSCR
http://www.icmje.org/
http://www.editorialmanager.com/msse/
http://physics.nist.gov/


   APPENDIX 

132 

appear in the text. Authors should follow Webster’s Tenth Collegiate Dictionary for spelling, 

compounding, and division of words. Trademark names should be capitalized and the spelling 

verified. Chemical or generic names should precede the trade name or abbreviation of a drug 

the first time it is used in the text.’’ 

7. There is no word limitation but authors are instructed to be concise and accurate in their 

presentation and length will be evaluated by the Editor and reviewers for appropriateness. 

Please Note 

 Make sure you have put in your text under the "Subjects" section in the METHODS that 

your study was approved by an Institutional Review Board (IRB) or Ethics Board and 

that your subjects were informed of the benefits and risks of the investigation prior to 

signing an institutionally approved informed consent document to participate in the 

study. Additionally, if you include anyone who is under the age of 18 years of age, it 

should also be noted that parental or guardian signed consent was also obtained. 

Please give the age range if your mean and SD suggest the subjects may have been 

under the age of 18 years. 

 Make SURE you have all your tables and figures attached and noted in the text of paper 

as well as below a paragraph of where it should be placed. 

 Very IMPORTANT---Table files must be MADE in Word NOT copied into Word. 

MANUSCRIPT PREPARATION 

1. Title Page  

The title page should include the manuscript title, brief running head, laboratory(s) where the 

research was conducted, authors’ full name(s) spelled out with middle initials, department(s), 

institution(s), full mailing address of corresponding author including telephone and fax numbers, 

and email address, and disclosure of funding received for this work from any of the following 

organizations: National Institutes of Health (NIH); Wellcome Trust; Howard Hughes Medical 

Institute (HHMI); and other(s). 

2. Blind Title Page 

A second title page should be included that contains only the manuscript title. This will be used 

to send to the reviewers in our double blind process of review. Do not place identifying 

information in the Acknowledgement portion of the paper or anywhere else in the manuscript. 
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3. Abstract and Key Words 

On a separate sheet of paper, the manuscript must have an abstract with a limit of 250 words 

followed by 3 – 6 key words not used in the title. The abstract should have sentences (no 

headings) related to the purpose of the study, brief methods, results, conclusions and practical 

applications. 

4. Text 

The text must contain the following sections with titles in ALL CAPS in this exact order: 

A. Introduction. This section is a careful development of the hypotheses of the study leading to 

the purpose of the investigation. In most cases use no subheadings in this section and try to 

limit it to 4 – 6 concisely written paragraphs. 

B. Methods. Within the METHODS section, the following subheadings are required in the 

following order: ‘‘Experimental Approach to the Problem,’’ where the author(s) show how their 

study design will be able to test the hypotheses developed in the introduction and give some 

basic rationales for the choices made for the independent and dependent variables used in the 

study; ‘‘Subjects,’’ where the authors include the Institutional Review Board or Ethics Committee 

approval of their project and appropriate informed consent has been gained. All subject 

characteristics that are not dependent variables of the study should be included in this section 

and not in the RESULTS; ‘‘Procedures,’’ in this section the methods used are presented with 

the concept of ‘‘replication of the study’’ kept in mind. ‘‘Statistical Analyses,’’ here is where you 

clearly state your statistical approach to the analysis of the data set(s). It is important that you 

include your alpha level for significance (e.g., P # 0.05). Please place your statistical power in 

the manuscript for the n size used and reliability of the dependent measures with intra-class 

correlations (ICC Rs). Additional subheadings can be used but should be limited. 

C. Results. Present the results of your study in this section. Put the most important findings in 

Figure or Table format and less important findings in the text.Do not include data that is not part 

of the experimental design or that has been published before. 

D. Discussion. Discuss the meaning of the results of your study in this section. Relate them to 

the literature that currently exists and make sure you bring the paper to completion with each of 

your hypotheses. Limit obvious statements like, ‘‘more research is needed.’’ 

E. Practical Applications. In this section, tell the ‘‘coach’’ or practitioner how your data can be 

applied and used. It is the distinctive characteristic of the JSCR and supports the mission of 

‘‘Bridging the Gap’’ for the NSCA between the laboratory and the field practitioner. 
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5. References  

All references must be alphabetized by surname of first author and numbered. References are 

cited in the text by numbers [e.g., (4,9)]. All references listed must be cited in the manuscript 

and referred to by number therein. For original investigations, please limit the number of 

references to fewer than 45 or explain why more are necessary. The Editorial Office reserves 

the right to ask authors to reduce the number of references in the manuscript. Please check 

references carefully for accuracy. Changes to references at the proof stage, especially changes 

affecting the numerical order in which they appear, will result in author revision fees. End Note 

Users: The Journal of Strength & Conditioning Research reference style, 

http://endnote.com/downloads/style/journal-strength-conditioning-research may be downloaded 

for use in the End Note application: http://endnote.com/downloads/style/journal-strength-

conditioning-research. 

Below are several examples of references: 

Journal Article 

Hartung, GH, Blancq, RJ, Lally, DA, and Krock, LP. Estimation of aerobic capacity from 

submaximal cycle ergometry in women. Med Sci Sports Exerc 27: 452–457, 1995. 

Book 

Lohman, TG. Advances in Body Composition Assessment. Champaign, IL: Human Kinetics, 

1992. 

Chapter in an edited book 

Yahara, ML. The shoulder. In: Clinical Orthopedic Physical Therapy. J.K. Richardson and Z.A. 

Iglarsh, eds. Philadelphia: Saunders, 1994. pp. 159–199. 

Software 

Howard, A. Moments ½software_. University of Queensland, 1992. 

Proceedings 

Viru, A, Viru, M, Harris, R, Oopik, V, Nurmekivi, A, Medijainen, L, and Timpmann, S. 

Performance capacity in middle-distance runners after enrichment of diet by creatine and 

creatine action on protein synthesis rate. In: Proceedings of the 2nd Maccabiah-Wingate 

International Congress of Sport and Coaching Sciences. G. Tenenbaum and T. Raz-

Liebermann, eds. Netanya, Israel, Wingate Institute, 1993. pp. 22–30. 

http://endnote.com/downloads/style/journal-strength-conditioning-research
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Dissertation/Thesis 

Bartholmew, SA. Plyometric and vertical jump training. Master’s thesis, University of North 

Carolina, Chapel Hill, 1985. 

6. Acknowledgments  

In this section you can place the information related to Identification of funding sources; Current 

contact information of corresponding author; and gratitude to other people involved with the 

conduct of the experiment. In this part of the paper the conflict of interest information must be 

included. In particular, authors should: 1) Disclose professional relationships with companies or 

manufacturers who will benefit from the results of the present study, 2) Cite the specific grant 

support for the study and 3) State that the results of the present study do not constitute 

endorsement of the product by the authors or the NSCA. Failure to disclose such information 

could result in the rejection of the submitted manuscript. 

 

7. Figures  

Figure legends should appear on a separate page, with each figure appearing on its own 

separate page. One set of figures should accompany each manuscript. Use only clearly 

delineated symbols and bars. Please do not mask the facial features of subjects in figures. 

Permission of the subject to use his/her likeness in the Journal should be included in each 

submission. 

Electronic photographs copied and pasted into Word and PowerPoint will not be accepted. 

Images should be scanned at a minimum of 300 pixels per inch (ppi). Line art should be 

scanned at 1200 ppi. Please indicate the file format of the graphics. We accept TIFF or EPS 

format for both Macintosh and PC platforms. We also accept image files in the following Native 

Application File Formats: 

_ Adobe Photoshop (.psd) 

_ Illustrator (.ai) 

_ PowerPoint (.ppt) 

_ QuarkXPress (.qxd) 

If you will be using a digital camera to capture images for print production, you must use the 

highest resolution setting option with the least amount of compression. Digital camera 

manufacturers use many different terms and file formats when capturing high-resolution images, 

so please refer to your camera’s manual for more information. 
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Placement: Make sure that you have cited each figure and table in the text of the manuscript. 

Also show where it is to be place by noting this between paragraphs, such as Figure 1 about 

here or Table 1 about here. 

Colour figures: The journal accepts colour figures for publication that will enhance an article. 

Authors who submit colour figures will receive an estimate of the cost for colour reproduction in 

print. If they decide not to pay for colour reproduction in print, they can request that the figures 

be converted to black and white at no charge. All colour figures can appear in colour in the 

online version of the journal at no charge (Note: this includes the online version on the journal 

website and Ovid, but not the iPad edition currently) 

8. Tables  

Tables must be double-spaced on separate sheets and include a brief title. Provide generous 

spacing within tables and use as few line rules as possible. When tables are necessary, the 

information should not duplicate data in the text. All figures and tables must include standard 

deviations or standard errors. 

ELECTRONIC PAGE PROOFS AND CORRECTIONS 

Corresponding authors will receive electronic page proofs to check the copyedited and typeset 

article before publication. Portable document format (PDF) files of the typeset pages and 

support documents (e.g., reprint order form) will be sent to the corresponding author via e-mail. 

Complete instructions will be provided with the e-mail for downloading and marking the 

electronic page proofs. Corresponding author must provide an email address. The 

proof/correction process is done electronically. 

It is the author's responsibility to ensure that there are no errors in the proofs. Authors who are 

not native English speakers are strongly encouraged to have their manuscript carefully edited 

by a native English-speaking colleague. Changes that have been made to conform to journal 

style will stand if they do not alter the authors' meaning. Only the most critical changes to the 

accuracy of the content will be made. Changes that are stylistic or are a reworking of previously 

accepted material will be disallowed. The publisher reserves the right to deny any changes that 

do not affect the accuracy of the content. Authors may be charged for alterations to the proofs 

beyond those required to correct errors or to answer queries. Electronic proofs must be checked 

carefully and corrections returned within 24 to 48 hours of receipt, as requested in the cover 

letter accompanying the page proofs. 
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AUTHOR FEES 

JSCR does not charge authors a manuscript submission fee or page charges. However, once a 

manuscript is accepted for publication and sent in for typesetting, it is expected to be in its final 

form. 

OPEN ACCESS 

Authors of accepted peer-reviewed articles have the choice to pay a fee to allow perpetual 

unrestricted online access to their published article to readers globally, immediately upon 

publication. Authors may take advantage of the open access option at the point of acceptance 
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TERMINOLOGY AND UNITS OF MEASUREMENT  

Per the JSCR Editorial Board and to promote consistency and clarity of communication among 

all scientific journals authors should use standard terms generally acceptable to the field of 

exercise science and sports science. Along with the American College of Sports Medicine’s 

Medicine and Science in Sport and Exercise, the JSCR Editorial Board endorses the use of the 

following terms and units. 

The units of measurement shall be Syste`me International d’Unite´s (SI). Permitted exceptions 

to SI are heart rate—beats per min; blood pressure—mm Hg; gas pressure—mm Hg. Authors 

should refer to the British Medical Journal (1:1334 – 1336, 1978) and the Annals of Internal 

Medicine (106: 114 – 129, 1987) for the proper method to express other units or abbreviations. 

When expressing units, please locate the multiplication symbol midway between lines to avoid 

confusion with periods; e.g., mL_min-1_kg-1. 

The basic and derived units most commonly used in reporting research in this Journal include 

the following: mass—gram (g) or kilogram (kg); force—newton (N); distance—meter (m), 

kilometer (km); temperature—degree Celsius (_C); energy, heat, work—joule (J) or kilojoule 

(kJ); power—watt (W); torque—newton-meter (N_m); frequency— hertz (Hz); pressure—pascal 

(Pa); time—second (s), minute (min), hour (h); volume—liter (L), milliliter (mL); and amount of a 

particular substance—mole (mol), millimole (mmol). 

Selected conversion factors: 

_ 1 N = 0.102 kg (force); 

_ 1 J = 1 N_m = 0.000239 kcal = 0.102 kg_m; 

_ 1 kJ = 1000 N_m = 0.239 kcal = 102 kg_m; 

_ 1 W = 1 J_s-1 = 6.118 kg_m_min-1. 

Reprints 

Authors will receive an email notification with a link to the order form soon after their article 

publishes in the journal (https://shop.lww.com/author-reprint). Reprints are normally shipped 6 to 

8 weeks after publication of the issue in which the item appears. Contact the Reprint 

Department, Lippincott Williams & Wilkins, 351 W. Camden Street, Baltimore, MD 21201; Fax: 

410.558.6234; E-mail: authorreprints@wolterskluwer.com with any questions. 

https://shop.lww.com/author-reprint
mailto:authorreprints@wolterskluwer.com
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PARTICIPANT INFORMATION LEAFLET AND PARENT 
CONSENT FORM FOR BOYS AGED 13 TO 15 ATTENDING 

HOëRSKOOL NELSPRUIT……. 
 

TITLE OF THE RESEARCH PROJECT: The effect of the growth spurt on 
Strength, Power, Speed and Agility training in Boys during mid-
adolescence    
 
 
REFERENCE NUMBERS: (NWU-00330-15-A1 J Badenhorst) 
 
PRINCIPAL INVESTIGATOR: Joanita Badenhorst 
 
ADDRESS: Hoërskool Nelspruit, 1 Cameron Street Nelspruit 
 
CONTACT NUMBER: 084 625 1506 
 
Your son is invited to take part in a research project that forms part of my Master’s 
degree study in Biokinetics at the North-West University. In order to use the data 
collected during the named research project, I need the permission of the parents or 
legal guardian for your child’s participation. Please take some time to read the 
information presented, which will explain the details of this project. Feel free to ask the 
researcher any questions about any part of this project that you do not fully understand. 
It is very important that you are fully satisfied and that you clearly understand what this 
research entails and how you can be involved. Also, participation is entirely voluntary 
and you are free to decline participation. If you say no, this will not affect your son 
negatively in any way whatsoever. You are also free to withdraw your son from the 
study at any point, even if you have agreed to participate. 
 
This study has been approved by the Health Research Ethics Committee of the 
Faculty of Health Sciences of the North-West University (NWU-00330-15-A1) and 
will be conducted according to the ethical guidelines and principles of the international 
Declaration of Helsinki and the ethical guidelines of the National Health Research Ethics 
Council. It might be necessary for the research ethics committee members or relevant 
authorities to inspect the research records. 
 
 What is this research study about? 

 This study will be conducted at Hoërskool Nelspruit and will involve 
anthropometric measurements and fitness evaluations with experienced health 
researchers trained in Biokinetics. Although all the Grade 8 and 9 boys will do 
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the evaluations as part of the Life Orientation syllabus, the data of only 70 
participants and their parents who give consent will be included in this study.  

 The objective of this research is: to determine the role of the growth spurt in 
speed, agility, strength and power training of 13 to 15 year old mid-adolescent 
boys in Nelspruit. 

 

Why has your son been invited to participate? 

 Your child has been invited to participate because he is a boy between 13 to 15 
years of age. During this age the growth spurt has a significant influence on the 
physical fitness and motor performance of boys 

 He has also complied with the following inclusion criteria: He is a grade 8 learner 
of Hoërskool Nelspruit. He is healthy with no physical disabilities or health risks 
that prevent him from taking part in physical activities or school sport.  

 Boys will be divided in to two-groups, boys who take part in one or more school 
sports like athletics, rugby, cricket and a control group of boys who do not take 
part in any sports out of free will.  

 
He will be excluded: 

 If he has a serious health issue, injury or other disability that prevents him from 
taking part in physical activities or sport.  

 If he competes or trains in sport that is not part of the school sport system e.g. 
martial arts, horse riding, mountain biking or gymnastics.  

 If he has been ill or injured for longer than three weeks.  
 If he does not comply with the training schedule or moves to another town or 

school. 
 

 What will the participant’s responsibilities be? 

 He will be expected to do at least two of the three scheduled evaluations 
throughout the year. These evaluations will be scheduled in accordance with the 
school programme in order to fit the time schedule of all participants. These 
evaluations will take place in groups. The study will span over two-years.  
 

 What are the benefits of taking part in this research? 

 The direct benefits for a participant will be: 
1. His current fitness level will be determined. 
2. He will be able to compare his scores to the average of the group. 
3. He will be able to monitor his progress form one evaluation to the next and 

from one year to the next. 
4. Boys will have access to a qualified Biokineticist to help them improve their 

physical state. 
 The indirect benefits will be 

1. Biokineticists, Sport Scientists and coaches will have a better understanding 
of how changes in body composition and stature due to the growth spurt will 
affect speed, agility, strength and power training of the mid-adolescent boy. 
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2. It will subsequently also help these experts to plan and develop proper 
training programmes for the preparation of adolescent boys for sport 
participation at higher levels.  

3. Adolescents will also benefit from this knowledge as well-structured 
conditioning programmes can be compiled by experts to improve their speed, 
agility, strength, and power in preparation for sport performance later in their 
lives. Their results will be made available to them so that they can use it in 
their own preparation for sport.  
 

 Are there risks involved in taking part in this research? 

 The risks of this study are low. Due to the physical nature of the study there is a 
risk of injury, but this will be managed at all times by the Biokineticist who 
conducts the session.  Injuries of a more serious nature will be treated by the 
residing sports doctor. A feeling of incompetence may develop if a boy is unable 
to do certain tasks or perform worse than the group, the Biokineticist will 
encourage these boys to stay in the training programme to improve their scores 
with the next evaluation and not to compete with the group but with themselves. 
In severe cases they will be referred to the schools psychologist. Some boys may 
be shy to take off their shirt in front of other people, a very private area will be 
made available for the measurements where only the two researcher and the 
participant will be allowed to protect both the participants and researcher. Boys 
will have to remove their shoes and socks but will be allowed to keep on their 
trousers. They can also keep on their shirts, but it will have to be lift up slightly to 
measure the supraspinatus-, iliac- an umbilicus skinfolds for fat percentage.  
Participants will be assured of their privacy during these measurements. 
Exhaustion will be managed by means of regular rest and water breaks. The 
evaluations will be rescheduled, in the case of bad weather on the day of 
evaluation.  

 The benefits of this study outweigh the risks, which are considered minimal 
as the researchers attempted to put methods and procedures in place to counter 
any foreseeable risk. 
 

 What will happen in the unlikely event of some form of discomfort 
occurring as a direct result of taking part in this research study? 

 Should the participant have the need for further discussions of any aspect of 
participation or any part of the process that made him uncomfortable an 
opportunity will be arranged for him to speak to the researcher, or the schools 
psychologist in severe cases  
 

 Who will have access to the data? 

 Anonymity will be given by replacing names of the participants with numbers. 
Confidentiality will be ensured by recording each participant’s results on a 
separate data card. Reporting of findings will be anonymous by reporting results 
as averages and percentages of the group and not as raw individual data. Only 
the researchers will have access to the data.  Data will be kept safe and secure 
by locking away hard copies and electronic data will be password protected. As 
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soon as raw data has been transcribed it will be deleted from the records. Data 
will be stored for seven years.  
 

 
What will happen with the data/samples? 
 This is a once off collection and data will be analysed in South Africa  

 
Will you be paid to take part in this study and are there any costs involved? 
 
You will not be paid or receive any form of compensation or reimbursement for 
participation in the study.  
There will be no costs involved for the participants to do the evaluation or to receive 
feedback and reports. 
 
Additional information 

 You can contact Joanita Badenhorst at 0846251506 if you have any further 
queries or encounter any problems. 

 You can contact the Health Research Ethics Committee via Mrs Carolien van Zyl 
at 018 299 2089; carolien.vanzyl@nwu.ac.za if you have any concerns or 
complaints that have not been adequately addressed by the researcher.  

 You will receive a copy of this information and consent form for your own 
records. 
 
 
 

How will you know about the findings? 
 The findings of the research will be shared with you by means of a personal 

report that you will receive annually after the evaluations in August / September 
of each year. Findings will be shared with the coaches and school governing 
body as guidelines and not as raw data. 

 Participants are welcome to contact the researcher to discuss their report and the 
findings. 

 Parents are welcome to make an appointment with the researcher to discuss 
their child’s progress or any questions they may have regarding the report or 
findings of the research project.   
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Declaration by participant 
 

By signing below, I …………………………………..…………. agree that my son may 
take part in the research study titled: The role of the growth spurt on strength, 
power, speed and agility training of mid-adolescent boys. I also give consent that 
the researcher may use the data collected in her study and share the findings with other 
researchers in a published article    
  
 
I declare that: 
 

 I have read this information and consent form and it is written in a language 
win which I am fluent and comfortable. 

 I have had a chance to ask questions to both the person obtaining consent, 
as well as the researcher, and all my questions have been adequately 
answered. 

 I understand that taking part in this study is voluntary and I have not been 
pressured to participate. 

 My son may choose to leave the study at any time and will not be penalised 
or prejudiced in any way. 

 My son may be asked to leave the study before it has been completed if the 
researcher feels it is in the participant’s best interests, or if the participant 
does not follow the agreed upon study plan. 

 
Signed at (place) ......................…........…………….. on (date) …………....……….. 20.... 
 
 
 
 ..............................................................   ............................................................  
Signature of parent/guardian Signature of witness 
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Declaration by person obtaining consent 

 
I (name) ……………………………………………..……… declare that: 
 

 I have explained the information in this document to 
………………………………….. 

 I have encouraged him/her to ask questions and took adequate time to 
answer them. 

 I am satisfied that he/she adequately understands all aspects of the research, 
as discussed above. 

 I did/did not use an interpreter.  
 
 
Signed at (place) ......................…........…………….. on (date) …………....……….. 20.... 
 
 
 
 ..............................................................   ............................................................  
Signature of person obtaining consent Signature of witness 
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Declaration by researcher 

 
I Joanita Badenhorst declare that: 
 

 I have explained the information in this document to 
………………………………….. 

 I have encouraged him/her to ask questions and took adequate time to 
answer them. 

 I am satisfied that he/she adequately understands all aspects of the research, 
as discussed above 

 I did/did not use an interpreter.  
 
 
Signed at (place) ......................…........…………….. on (date) …………....……….. 20.... 
 
 
 
 ..............................................................   ............................................................  
Joanita Badenhorst - researcher        Signature of witness 
(Biokineticist) 
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PARTICIPANT INFORMATION LEAFLET AND CHILD ASSENT 
FORM FOR BOYS AGED 13 TO 15 ATTENDING HOëRSKOOL 

NELSPRUIT 
 

TITLE OF THE RESEARCH PROJECT: The effect of the growth spurt on 
Strength, Power, Speed and Agility training in Boys during mid-
adolescence    
 
 
REFERENCE NUMBERS:  (NWU-00330-15-A1 J Badenhorst) 
 
PRINCIPAL INVESTIGATOR: Joanita Badenhorst 
 
ADDRESS: Hoërskool Nelspruit, 1 Cameron Street Nelspruit 
 
CONTACT NUMBER: 084 625 1506 
 
You are being invited to take part in a research project that forms part of my master’s 
degree study in Biokinetics at the North West University. In order for me to make you 
part of my research project, I will need your assent. Please take some time to read the 
information presented here, which will explain the details of this project to you. Please 
ask the researcher any questions about any part of this project that you do not fully 
understand. It is very important that you are fully satisfied that you clearly understand 
what this research is about and what the procedures are. Also, your participation is 
entirely voluntary and you are free to decline to participate. If you say no, this will not 
affect you negatively in any way whatsoever. You are also free to withdraw from the 
study at any point, even if you do agree to take part. 
 
This study has been approved by the Health Research Ethics Committee of the 
Faculty of Health Sciences of the North-West University (NWU-00330-15-A1) which 
made sure that the study will be conducted according to guidelines which will 
respect you as a child. This ethics committee can also inspect the research 
records to make sure that we adhere to these principles 
  
 What is this research study all about? 

 We as researchers know little about the effect of natural growth during the 
adolescent years of boys on factors like speed, agility, strength and power and 
we would like to know this to improve your sport performance and help you to 
develop these factors at the right time without getting injured. In order to be able 
to do so we need measurements of boys between the ages of thirteen and 
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fifteen. All the measurements will be done by experienced health researchers 
trained in Biokinetics. 

 Once we have obtained the measurements we can use the results to see what 
we can do to improve adolescents’ sports readiness and performance as we will 
have a better understanding of the effect of growth on motor-fitness and things 
that need to be changed. We can then make plans to help adolescents to 
develop the right factors at the right time for better sport performance, while we 
can also give coaches and teachers guidance on how to train adolescents to be 
better athletes. The following measurements will be taken to evaluate the effect 
of growth on motor-fitness that we are interested in: Growth measurements that 
will be taken in a private area that will include weight, height, six skinfolds, one 
on the back of the arm, one on the hip, one next to your bellybutton, one on the 
thigh and one on the lower leg. A Health Screening Questionnaire will be 
completed in the school’s gymnasium. Physical fitness testing will start in the 
gymnasium with test like, push ups, sit-ups, pull ups, seven-stage abdominal 
strength, bench presses and squats. The rest of the test will be done on the 
sports field such as 10m and 40m sprinting and agility tests. 

 This study will be conducted at Hoërskool Nelspruit and all the boys in Grade 8 
and 9 will do these evaluations as part of the Life Orientation syllabus, but only 
the data of 70 participants who give parental permission and child assent and 
who meet the inclusion criteria will be included in this study.  

 

 Why have you been invited to participate? 

 The growth spurt (a lot of growth in a short period of time which typically happens 
over a period of three years) has a significant influence on the physical fitness 
and motor performance of boys aged between13 and 15 years. You fall in this 
age group. 

 Your parent gave parental permission for us to invite you to participate in the 
measurements today. 

 Participants will be divided into two-groups, one group will consist of boys who 
take part in one or more school sports like athletics, rugby or cricket and the 
second group will be boys who do not take part in any sports out of free will. 

 You have also complied with the following inclusion criteria: You live in Nelspruit 
or the surrounding area. You are healthy with no physical disabilities of health 
risks that prevent you from taking part in physical activities of sport. 

 You will be excluded if: you have a serious health risk, injury or other disabilities 
that prevent you from taking part in physical activities or sport.  
If you compete or train in sport that is not part of the school for e.g. martial arts, 
horse riding, mountain biking or gymnastics.  
If you become ill or injured for longer than three weeks.  
If you don’t comply with the training schedule. If you move to another town 
 

 What will your responsibilities be? 

 You will be expected to do at least two of the three possible scheduled 
evaluations throughout the year. These evaluations will be scheduled in 
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accordance with the school programme in order to fit the time schedule of all 
participants. These evaluations will take place in groups. The study will span two-
years.  
 

 Will you benefit from taking part in this research? 

 The direct benefits for you as a participant will be 
5. Your current fitness level will be determined. 
6. You will be able to compare your scores to the average of the group 
7. You will be able to monitor your progress from one evaluation to the next and 

from one year to the next. 
8. You will have access to a qualified Biokineticist who will be able to assist you 

to improve your physical state.  
 The indirect benefit will be 

4. Biokineticists, Sport scientist and coaches will have a better understanding of 
how changes in body composition and stature due to the growth spurt will 
affect speed, agility, strength and power training of the mid-adolescent boy. 

5. It will subsequently also help these experts to plan and compose proper 
programmes for the preparation of adolescent boys for sport participation on 
higher levels.  

6. Adolescents will also benefit from this knowledge as well-structured 
conditioning programmes can be compiled by experts to improve their speed, 
agility, strength, and power in preparation for sport performance later in their 
lives 
 

 Are there risks involved in your taking part in this research? 

 The risks in this study are low. Due to the physical nature of the study there is a 
risk of injury, but this will be managed at all times by the Biokineticist who is also 
trained to work with children and will be able to adapt to any of your needs on the 
testing day. Serious injuries like fractures or lacerations will be treated by the 
residing doctor. You may develop a feeling of incompetence if you are unable to 
do certain tasks or perform worse than your friends, the Biokineticists will be able 
to help you to focus on the improvement of your own results and not to compete 
with someone else, and you will also have access to the school’s sports 
psychologist to help you with self-esteem. Shyness may be of concern, a very 
private area will be made available for the measurements where only the two 
researchers and the participant will be allowed to protect both the participants 
and researcher. You will have to remove your shoes and socks but will be 
allowed to keep on your trousers. You may also keep on your shirts, but it will 
have to be lifted up slightly to measure the skinfolds on your back, hip and at 
your belly button for fat percentage measuring. Participants will be assured of 
their privacy during these measurements. The rest of your evaluations you will do 
together with the rest of the group. Exhaustion will be managed by means of 
regular rest and water breaks. In the event of bad weather on the day of the 
evaluations, the evaluations will be rescheduled for the next suitable date.  

 The benefits of this study are more and better than the risks of the study. 
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 What will happen in the unlikely event of some form of discomfort 
occurring as a direct result of your taking part in this research study? 

 Should you have the need for further discussions of any aspect of participation or 
any part of the process that made you uncomfortable an opportunity will be 
arranged for you to speak to the researcher or the schools psychologist in 
serious cases  
 

 Who will have access to the data? 

 We assure you that only the researchers will have access to the information that 
will be obtained from you, and we assure you of the confidentiality of all the 
information that are obtained from you. Anonymity will be given by replacing your 
name with a number. Confidentiality will be ensured by recording your results on 
to your own data card. The school will receive guidelines based on the results, 
and you will receive a report on your performance and progress. The results will 
be published in the form of a postgraduate study and as an article that will be 
read by researchers. The hard copies of the data will be destroyed after seven 
years by means of a paper shredder. 
 

What will happen with the data/samples? 
 This is a once off collection and data will be analysed in South Africa  

 
 
Will you be paid to take part in this study and are there any costs involved? 
 
You will not be paid or receive any form of compensation or reimbursement for 
participation in the study.  
There will be no costs involved for you to do the evaluation or to receive feedback and 
reports. 
 
Is there anything else that you should know or do? 

 You can contact Joanita Badenhorst at 0846251506 if you have any further 
queries or encounter any problems. 

 You can contact the Health Research Ethics Committee via Mrs Carolien van Zyl 
at 018 299 2089; carolien.vanzyl@nwu.ac.za if you have any concerns or 
complaints that have not been adequately addressed by the researcher.  

 You will receive a copy of this information and consent form for your own 
records. 
 
 

How will you know about the findings? 
 The findings of the research will be shared with you by means of a personal 

report. Findings will be shared with the coaches and the School Governing Body 
as guidelines and not as raw data. 

 Participants are welcome to contact the researcher to discuss their report and the 
findings. 
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Declaration by participant 
 

By signing below, I …………………………………..…………. agree to take part in a 
research study titled: The effect of the growth spurt on strength, power, speed and 
agility training in boys during mid-adolescence. I also give consent that the 
researcher may use the data collected in her study and share the findings with other 
researchers in a published article    
 
I declare that: 
 

 I have read this information and consent form and it is written in a language 
in which I am fluent and comfortable. 

 I have had a chance to ask questions to both the person obtaining consent, 
as well as the researcher and all my questions have been adequately 
answered. 

 I understand that taking part in this study is voluntary and I have not been 
pressurised to take part. 

 I may choose to leave the study at any time and will not be penalised or 
prejudiced in any way. 

 I may be asked to leave the study before it has finished, if the researcher 
feels it is in my best interests, or if I do not follow the study plan, as agreed 
to. 

 
Signed at (place) ......................…........…………….. on (date) …………....……….. 20.... 
 
 
 
 ..............................................................   ............................................................  
Signature of participant Signature of witness 
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Declaration by person obtaining consent 

I (name) ……………………………………………..……… declare that: 
 

 I explained the information in this document to ………………………………….. 

 I encouraged him/her to ask questions and took adequate time to answer 
them. 

 I am satisfied that he/she adequately understands all aspects of the research, 
as discussed above 

 I did/did not use an interpreter.  
 
 
Signed at (place) ......................…........…………….. on (date) …………....……….. 20.... 
 
 
 
 ..............................................................   ............................................................  
Signature of person obtaining consent Signature of witness 
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Declaration by researcher 

I Joanita Badenhorst declare that: 
 

 I explained the information in this document to ………………………………….. 

 I encouraged him/her to ask questions and took adequate time to answer 
them. 

 I am satisfied that he/she adequately understands all aspects of the research, 
as discussed above 

 I did/did not use an interpreter.  
 
 
Signed at (place) ......................…........…………….. on (date) …………....……….. 20.... 
 
 
 
 ..............................................................   ............................................................  
Joanita Badenhorst - researcher        Signature of witness 
(Biokineticist) 
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APPENDIX D: HEALTH SCREENING QUESTIONAIRE 

Whether you yourself decided to do something about your level of fitness and health, or you being 
referred to me by a medical practitioner, it is my intention to make sure that I understand your specific 
exercise needs, asses your current level of fitness and design an exercise programme that will ensure 
that you get the maximum benefit from it. 

 
 

GENERAL HEALTH QUESTIONNAIRE 
 

PHYSICAL ACTIVITY: 

Stress Never tense     

 Seldom tense   

 Regularly tense  

 Always tense   

 

Sleep Are you sleeping well and enough? YES  NO  

 In general, I wake up:    Refreshed     Unrefreshed   

 PATIENT / CLIENT 

Surname  
First Name  
ID Number  

Sex Male                          Female        

Tel no : Home 

             Work 

             Cell 

 

…………………………....................….(Child)         …………………………....................….(parent) 

………………....................…………….                     …………………………....................….  

…………………………….....................                     …………………………....................…. 

Postal Address  

…………………………...................…. 

…………………………...................….. 

………………………...................…….. 

………….....................…………………. 
Residential Address   

……………......................………………. 

……………………………....................... 

……………………………....................... 

……………………………...................... 
House Doctor                                              [Tel] 

Specialist                                              [Tel] 

JOANITA BADENHORST 
Biokinetika 

Tel : 084 625 1506        Hoërskool Nelspruit 

Posbus 127         Cameron Str 1 

Nelspruit         Nelspruit 

1200 
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Sport Type ………………………….. 

 Sessions per week ……………. 

 Duration of session …………... 

 

 

LIFE STYLE 

 

Dietary Assessment Do you have a normal appetite and healthy diet? YES    NO   

   Breakfast ……. Lunch…….  Dinner…….  Snacks 

……. 
 

How many times per week do you eat: 

Red Meat Fish/Chicken Eggs Vegt./fruit/salad Dairy Sweets 
      

    

How many times per day do you drink: 

Coffee/Tea Carbonated Drinks Alcohol Milk Fruit Juices Water 

      
 

HEALTH IN GENERAL 

 

Can you walk 2 to 3km without getting short of breath or experiencing chest pains?  

YES       NO  

When you get tired or annoyed, do you experience any pain in your chest, left arm or neck?  

YES      NO  

 

Do you take any medication on a regular basis? If yes, please specify. 

MEDICATION REASON / AILMENT 
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Do you, or any of your family, experience any of the following ailments? 

AILMENT SELF FATHER MOTHER SUBLING 

Cardiovascular Problems     

Stroke     

Hypertension     

Angina Pectoris     

Thrombophlebitis      

Varicose Veins     

Arrhythmia / Pacemaker     

Hereditary Heart Problem     

Metabolic Problem     

Kidney Problem     

Diabetes Mellitus     

Depression     

Regular Headaches / Migraine     

Ulcers     

Lung Problem     

Blood irregularities     

Anaemia     

Central Nervous System      

Low Back Pain     

Neuromuscular / Skeletal     

Hernia     

Obesity     

Flu, Bronchitis, Infection   

Pregnant  

Orthopaedic Operation  

Sport or Other injury  

 

REMARKS: 

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________ 

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________ 

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________ 

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________ 
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CONSENT FORM 
 

Has your doctor ever told you that you have high blood pressure? YES       NO  

 

Do you experience any chest pains at any time?   YES   NO  

 

Do you often feel dizzy of faint?     YES   NO  

Has your doctor ever diagnose high cholesterol with you?  YES  NO  

 

Has your doctor ever diagnosed any joint or skeletal problem? YES  NO  

 

Are there any other reason not mentioned above, why you should  

rather not participate in any exercise?    YES   NO  

If YES please specify ……………………………………………  

 

 I, the undersigned___________________________________hereby declare that all of the 

above mentioned information is true and correct.  

 I further agree that, except where it is due to negligence or malice on the part of the 

Biokineticist, neither I, my executor, administrator, legal representatives, heirs nor assigns 

shall have any claim whatsoever upon the Biokineticist nor practice. 

 I understand that I use all the apparatus and facilities at my own risk, and cannot hold Joanita 

Badenhorst or Hoërskool Nelspruit responsible for any damage or loss due to the use of the 

Centre. 

 

 

Signature: _____________________________  Date:  ___________________ 

 

 

 

Signature: _____________________________  Date:  ___________________ 

   (Biokiniticist) 

 

 

 

  



   APPENDIX 

157 

APPENDIX E: PROTOCOLS OF DIFFERENT TESTS AS 

PRESCRIBED BY THE VARIOUS INSTITUTIONS 

 ISAK (International Standards for Anthropometric Assessment) (Marfell-Jones et al.. 

2006) 

 Sport Search Program (Australian Sports Commission, 1995) 

 Navy Physical Readiness Test (Bartlett et al., 2015) 
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ISAK (International Standards for Anthropometric Assessment)  
(Marfell-Jones et al., 2006) 

 
Stature was measured while standing with the back against the stadiometer (Seca 206, 

Germany) and the feet together. The heels, buttocks and upper back had to be in contact with 

the stadiometer and the head held in the Frankfort position. While the subject inhaled deeply in 

this position, the measurement was taken to the nearest 0.1 cm 

Sitting height was measured while sitting flat on the stadiometer with the back against the 

stadiometer and the knees bent slightly. The head of the subject was held in the Frankfort 

position by the administrator and the measurement was taken to the nearest 0.1 cm after 

lowering the arm of the stadiometer onto the subject’s head 

Mass was taken with a calibrated electronic scale (SOEHNLE, Germany) with the subject 

standing upright with his weight evenly distributed on the scale and his arms next to his sides. 

The measurement was taken to the nearest 0.1 kg, while the subject had to look straight ahead. 

Fat percentage was calculated by using a formula: (sum of 6 skinfolds x 0.1051) + 2.585. The 

triceps, subscapular, iliac, abdominal, front thigh and calf skinfold thicknesses were measured 

by using a Harpenden calliper (Gima, Modena, Italy) according to standard procedures. Two 

measurements were taken at each site, and the average of the two readings was calculated as 

the score.  

Sport Search Program  
(Australian Sports Commission, 1995) 

 

Speed was measured over a distance of 40m with the Fusion Sport Smart Speed-System 

(Fusion Sport Pty Ltd, 2009). The test is executed from a stationary position from where the 

participant has to accelerate and run through a series of infrared photoelectric gates that record 

horizontal velocity through each gate. The procedure involves sprinting 40m in total, running 

through the first pair of gates (10m) and the last pair of gates (40m). The better of two attempts 

for both 10m and 40m is taken in seconds to the nearest 0.01 sec, with two minutr rest between 

attempts. 

For agility the T-test requires the participant to touch a series of cones set out in “T” shape 

whilst side stepping and running as fast as possible. Place three cones five metres apart on a 

straight line (A, B, C) and a 4th cone (D) is placed ten metres from the middle cone (B) so that 

the four cones form a 'T'. The participant stands at the cone (D) at the base of the “T” facing the 

“T”.  The participant runs to and touches the middle cone (B), side-steps five metres to the left 
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cone (A) and touches it, side-steps ten metres to the far cone (C) and touches it, side-steps five 

metres back to the middle cone (B) and touches it and then runs ten metres backwards to the 

base of the 'T' and touches that cone (D). Time from start to finish is recorded. The better of two 

attempts is taken in seconds 

The participants were measured for their vertical jumping ability using the Vertec (Questek). 

This apparatus included a sliding vertical pole attached to two weights at the base, which 

stabilized the apparatus. Movable horizontal levers are attached at the top of the pole and are 

marked in 1.27 cm. The levers can be set to begin at 228.6, 243.84, 259.08, or 274.32 cm. The 

initial setting for the levers was dependent upon the participant’s reach. Vertical reach was 

measured by having each participant stand with his dominant side next to a wall. With feet on 

the ground, and hip as close as possible to the wall, the participant extended the arm closest to 

the wall and reached as high as possible without allowing any part of the feet to lose contact 

with the ground. This measurement was then recorded to the closest 1.27 cm. The participants’ 

vertical jumps were measured after they were instructed to stand with their dominant side next 

to the apparatus, with feet shoulder-width apart. The participants then were instructed to 

perform a vertical jump and touch the vanes on the Vertec (Questek). The participants were 

instructed to reach with their dominant hand while at the top of their jump and to move as many 

levers as possible. Two vertical jumps were allowed, the average of the jumps was recorded. 

The height of the jump was the difference between the vertical reach and the vertical jump.  

For the Horizontal or Standing Long jump test, the subjects were instructed to initially stand on a 

long jump mat and jump as far as possible. The distance from the starting point to the landing 

point at heel contact was used for statistical analysis. Three horizontal jumps were allowed, the 

average of the three jumps were recorded. 

Navy Physical Readiness Test  
(Bartlett et al., 2015) 

 
For the two minute sit-up test the participant starts on his back with bent knees and hands 

placed at the side of the head. An administrator was permitted to hold the feet or ankles of the 

participant to keep the feet on the floor. The upper body is raised until the elbows touch the 

thighs while the hands remain at the sides of the head; the body is lowered back to the floor 

until the shoulder blades touches the ground. No bouncing or arching of the lower back is 

allowed, and the buttocks and feet must remain in constant contact with the floor throughout the 

test. The maximum number of correctly performed sit-ups in two minutes was recorded 
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(Boddington et al., 2001) 
 

The 5-m Multiple Shuttle test (5-m MST) required the subjects to sprint between a series of six 

beacons spaced five metre apart in a straight line to cover a total distance of 25m. Subjects 

were instructed to perform maximally throughout the whole test. Each subject started the test in 

line with the first beacon (A), and upon an auditory signal sprinted five metre to beacon B, 

touched the ground adjacent to the beacon with their hand, and returned back to beacon A, 

touching down on the ground adjacent to the beacon with the band again. The subject then 

sprinted ten metre to the third beacon C, and back to beacon A, etc., until an exercise period of 

30 seconds had elapsed. The distance covered by each subject was recorded to the nearest 

2.5m during each 30-second shuttle. Thereafter there was a 35-second recovery, during which 

the subjects walked back to beacon A, the participant did a total of six shuttle runs of 30s each. 

The totals of all six runs were recorded. 

(Kuro, 2008) 
 

The Seven-stage abdominal strength test starts where the participant lies on his back, with the 

knees at right angles and feet flat on the floor. The participant then attempts to perform one 

complete sit-up for each level in the prescribed manner, starting with level 1. Each level is 

achieved if a single sit-up is performed in the prescribed manner, without the feet lifting off the 

floor. As many attempts as necessary can be made. The highest level correctly completed is 

recorded.  

Level Rating Description 

0 very poor cannot perform level 1 

1 poor 
with arms extended, the athlete curls up so that the wrists 
reach the knees 

2 fair 
with arms extended, the athlete curls up so that the elbows 
reach the knees 

3 average 
with the arms held together across abdominals, the athlete 
curls up so that the chest touches the thighs 

4 good 
with the arms held across chest, holding the opposite 
shoulders, the athlete curls up so that the forearms touch the 
thighs 

5 very good 
with the hands held behind head, the athlete curls up so that 
the chest touches the thighs 

6 excellent 
as per level 5, with a 2.5 kg weight held behind head, chest 
touching the thighs 

7 elite 
as per level 5, with a 5 kg  weight held behind head, chest 
touching the thighs 

 



   APPENDIX 

161 

Brown and Weir, (2001) 
 

A relative load test was done to determine leg strength (squat test): participants perform the 

most repetitions that they can at a load that is a percentage of their estimated 1-RM. The 

equation from Mayhew et al. (1992:203) (1-RM = 100 × rep mass/(52.2 + 41.9 × exponential [-

0.055 × reps]) were used to determine the 1-RM of participants. One operator with two helpers 

was assigned to minimize the injury risk. 
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APPENDIX F: DATASHEET AND ANNUAL REPORT 

For the determination of the anthropometric growth, and physical and motor capabilities, the test 

protocol consists of thirteen tests, which included four anthropometric tests (stature, mass, 

sitting height, and fat percentage) and eleven physical and motor fitness tests (10m and 40 m 

speed, agility t-test, and shuttle runs, vertical jump, horizontal jump, squats, sit-ups, seven-stage 

abdominal strength).  

To follow is the data sheet used to record each participant’s scores on all four test occasions 

and the report on each participants results over the two-year 
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PHYSICAL FITNESS REPORT 
 

NAME   _____________________ 

SURNAME   _____________________ 

DATE OF BIRTH  _____________________ 

 

Test Date Feb 2015 Aug 2015 Feb 2016 Aug 2016 

Height     

Mass     

Fat%     

Sit-ups     

7 Stage Ab Strength     

Vertical Jump     

Horizontal Jump     

Squats     

10m Sprint     

40m Sprint     

T-Test     

Shuttle Run     

 

REMARKS: ______________________________________________________________________ 

  ______________________________________________________________________ 

  ______________________________________________________________________ 

  ______________________________________________________________________ 

  ______________________________________________________________________ 

 
______________________________ 
Joanita Badenhorst (Biokineticist) 
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Name & Surname:  ______________________________ 

Date of Birth:   ______________________________  

Sport:    ______________________________ 

Item &/ Position:   ______________________________ 

Date:     _____________________ 

 

GYMNASIUM 
 

 ANTHROPOMETRY                STRENGTH 

 

 

 

 

 

 

 

FIELD 
 SPEED           POWER 

 

 

 

 

AGILITY 
 
 
 

Age  (today) 

 

Height Sit Height Mass  Sit-&-Reach 

 

 

Triceps Scap Iliac Umbil Thigh Calf 

 

 

Squat 7 Stage Ab Strength 

 

 

Push Ups (1min) Sit-Ups (2min) 

 

 

Horizontal Jump Vertical Jump 

  R J J 

 

        10m        40m 

    

 

      6 Shuttles T-Test 

      

 

  

JOANITA 

BADENHORST 

BIOKINETICISTS 
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APPENDIX G: TRAINING PROTOCOL 

A speed, agility, strength and power training programme for two additional days per week was 

compiled by the researcher who is a registered Biokineticist who was also responsible for the 

adjustment and progression of each programme throughout the six-months. These sessions 

consisted of: 

 Session one of the week was a 45min session for resistance training (own body weight 

exercise, elastic resistance bands, gym apparatus and free weights) and plyometrics 

(skipping ropes, plyometric jumping box). Each session consisted of 12 exercises that 

was made up of five strength exercises (leg extensions, leg curls, squats, sit-ups, bench 

press), four plyometric exercises (skipping, box jumps, front and sideways and depth 

jumps) and three combinations of strength and plyometric exercise (lunge jumps, squat 

jump with high pull, burpee to pull up). At the start of the six-months each exercise was 

done with light to medium weights for 15 to 20 repetitions, and every exercise was 

repeated three times, with emphasis on technique. As the participants improved their 

conditioning and skill in the proper technique the weight increased and repetitions 

decreased to ten repetitions.  

 Session two of the week was made up of 45min of speed and agility training (speed 

ladders & hurdles, weighted sleds and parachutes) with the focus on improvement of 

feet speed, acceleration balance and proprioception. At the start of the six-months, the 

session focused on proper sprinting mechanics, short distances of 10 to 20 metre were 

used and no more than four hurdles and speed ladders with four blocks were used. As 

participants mastered the skills, techniques and exercises during the six-months the 

distances were increased up to 80m and the amount of hurdles and length of the speed 

ladders were also increased. 
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STRENGTH AND PLYOMETRIC TRAINING 

 January  week 1 - 4 February  week 5 - 8 

Date Date Date Date Date Date 

Reps Weight Reps Weight Reps Weight Reps Weight Reps Weight Reps Weight 

Leg Extension 20            

Leg Curls 15            

Squats 20            

Bench 15            

Sit-Ups 20            

Skipping 60            

Box Jump (front) 10            

Box Jump (sideways) 10            

Depth Jumps  6            

Lunge Jumps 14            

Squat Jump + High Pull 12            

Burpee-to-pull up 12            
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SPEED & AGILITY TRAINING 

Programme One: 

RUNNING MECHANICS:  Arms 90° at elbows, work through shoulders, keep arms close to body. 
Knee 90° Ankle 90°  
Body 45° angle with surface 

DRILLS:  Arm Swing in sitting position (trains the 90° position of elbows + swing through shoulders) 

  Marching on the spot (arms 90° + close to body, knees 90° + lift high) 

  Running on the spot for 5sec 

  Running on the spot 5sec + 5m Sprint (verbal queue for proper mechanics)  

AGILITY LADDERS: Bunny hops – jump from ankles 

      Hop scotch – soft knees with ground contact 

High Knees Forward – proper running mechanics 

High Knees Sideways – proper running mechanics, keep hips square 
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SPEED & AGILITY TRAINING 

Programme Two: 

RUNNING MECHANICS:  Re-run basic proper running mechanics 

Arm Swing in sitting position (trains the 90° position of elbows + swing through shoulders) 

   Running on the spot 5sec + 5m Sprint (verbal queue for proper mechanics)  

   10m Cadence run – arms 90°, Swing through shoulders, Knees high 

   5m Cadence run + 10m Sprint – focus on running mechanics 

AGILITY LADDERS: Bunny hops – jump from ankles 

      Hop scotch – soft knees with ground contact 

Side Step In-Out 
Side Step Out-In 
High Knees Sideways – proper running mechanics, keep hips square 
High Knees Forward + 5m Sprint – proper running mechanics 

 SPEED HURDLES:  Small 6” Hurdles 
      Bunny Hops - jump from ankles; do not lift knees to high 
      Kangaroo Hops – Pull knees 90° + high in front of body, swing arms  
      Cadence run – focus on proper running mechanics 
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APPENDIX H:  LETTERS FROM EDITORS 

JOURNAL OF STRENGTH AND CONDITIONING RESEARCH 
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AMERICAN JOURNAL OF HUMAN BIOLOGY 
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APPENDIX I: PROOF OF TRANSLATION PROCESS 
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APPENDIX J: TURN IT IN REPORT 
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   APPENDIX 

174 

APPENDIX K: ETHICAL CLREARANCE LETTER 

 


