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Foreword

2YHU�WKH�\HDUV��PDQ\�DUWLFOHV�KDYH�EHHQ�ZULWWHQ�DERXW�QHZ�UHVHDUFK�ÀQGLQJV�DERXW�VWUHQJWK�
and speed. Among the coaches, it has existed great frustration to study all this scattered know-
OHGJH��,Q�RUGHU�WR�VXSSRUW�WKHLU�WUDLQLQJ��´7UDFN�DQG�ÀHOG�JHQHUDO�WUDLQLQJ�OHDUQµ�E\�5RVHQ-
berg have gratefully been received by a broad readership, which also is represented by other sports. 
�����ZDV�´6WUHQJWK�RI�WKH�VSRUWµ�SXEOLVKHG�ZLWK�YHU\�LOOXVWUDWLYH�H[DPSOH�E\�$OI�7KRUVWHQV-
son and Bengt Saltin. In recent years, the dossier produced in book form by writers like 
-RQQ\�1LOVVRQ���-DQ�6HJHU��-DQQH�&DUOVWHGW��3HU�7HVFK��+DWÀHOG�8QLWHG�6WDWHV��*HUPDQ\�
Grosse and others. Articles in Leichtathletik, 90-99 years, then was valuable sources. During 
the 2000s, then, in addition to the internets amount of information, writers like Frank Bosch, 
7XGRU�%RPSD�DQG�1LFN�1HZPDQQ�DGGHG�HVVHQWLDO�´SLHFHVµ��,Q�DGGLWLRQ��DOO�WKH�DGYLFHV�,�
KDYH�EHHQ�SULYLOHJHG�WR�UHFHLYH�E\�ERWK�6ZHGLVK�DQG�LQWHUQDWLRQDO�FRDFKHV��JRW�PH�WR�ÀQDOO\�
complete this work.
Year 2010 the book has been complemented with a chapter about longjump technique and 
with a special trainingprogram for powersprint. The periodizing in this program has been 
updated in 2012 with great inspiration from Nick Newman’s book ´7KH�+RUL]RQWDO�MXPSVµ�
This and later provided Tudor Bompas new edition of 3HULRGL]DWLRQ�7UDLQLQJ�IRU�VSRUWV and 
mainly Håkan Andersson uniquely well-planned workout template as  valuable data for now 
new training plans for Sprint and Long Jump. It is with gratitude I think back of the support 
and help with the theoretical by Hakan over the years. I am also very grateful for interest-
ing dialogue with Magnus Warfvinge, Varberg GIF from 2013, which has contributed to my 
ideas to document the modern Sprint training and technology and how to use Power Sprint, 
as technology developing strength training.

Introduction
This compilation of facts in the book’s introductory section is intended as a contribution to 
knowledge of the concept of strength and speed. Chapter 1-3 (page 8-43)  then deals with 
speed from a general perspective-tive, with different strengths concepts, training principles, 
planning and  exercise storage, which can also be read separately. Then the book covers 
mainly the technology of sprint and training (Chapter 4, pages 44-67) but also the long jump 
(Chapter 5, 68-78), as examples of an athletics branch with large elements of both strength 
and speed.
Henrik Olausson has with great interest and perhaps not so little patience, helped me to de-
scribe Tom Tellez technique model (page 44-48) and training program (page 61-64). At a visit 
LQ�+RXVWRQ�����WDONV�RIIHUHG�ZLWK�7RP�7HOOH]��DQG�WKH�RSSRUWXQLW\�WR�ÀOP�D�ZRUOG�HOLWH�VSULQW-
HU��0LNH�0DUVK��7KLV�UHVXOWHG�LQ�VLJQLÀFDQW�FRQWULEXWLRQV�WR�WKH�HVVHQFH�RI�KRZ�WKH�VSULQWHU�
speed can be developed. 

Following summary of sprint technique (pages 49-59) with the help of several biomechanical 
studies is an attempt to document the ideal technology model, which eventually leads to the 
recommendation of a new development of strength training for speed using a so-called Power 
6SULQW��0DFKLQH��7KH�PDFKLQH�DV�D�ÀUVW�VLPSHO�SURWRW\SH�KDV�EHHQ�WHVWHG�E\�+DNDQ�$QGHUV-
son on 1990 - century Swedish best sprinters Peter Karlsson and Torbjorn Eriksson before, 
they at Indoor European Championship 1996, both won a bronze medal each  on 60m resp. 
200m. Hakan still use this machine, mainly for the development of the basic muscle strength 
of the gluteus and hamstrings, hip-extending function in the sprinter step. In recent years, 
Hakan has coached Stefan Tärnhuvud, best Swedish 100m sprinter from 2008 to 2012, and 
together with him, 100m champion in 2013-15, Tom Kling-Baptiste. The year 2017 a new star 
shot came, the young Austin Hamilton with a surprising 60m bronze at the Indoor European 
Championship plus100m gold at the Swedish Championship with the great time 10.18. So far 
this year SM gold at 60m - exciting continuation follows. Austin’s basic year at the Malmö 
)ULLGURWWVJ\PQDVHW�LQFOXGHG�´3RZHUVSULQW�WUDLQLQJµ�LQ�FRPELQDWLRQ�ZLWK�2O\PSLF�/LIW��7KH�
coaches, including Morgan Rosberg, Alexander Lyshag and Jörgen Becke believed in the idea 
of Powersprint. Austin Hamilton has continued to use this strength training’s form under 
Jörgen Becke’s leadership. 

Jan Melén - March 2020



SPEED - Important factor
behind many sports performances

For many of the athletics branches, mainly sprinting and 
the classic long jump (Fig. 1), speed is the crucial quality to 
develop. The primary purpose of this book is to describe these 
two sports (chapters 4, 5 and 6) with respect to technology 
DQG�WUDLQLQJ�ZLWK�VSHFLÀF�HPSKDVLV�RQ�VSHFLÀF�VWUHQJWK�WUDLQ-
LQJ��+RZHYHU��LW�PD\�EH�LQWHUHVWLQJ�WR�ÀUVW�VWXG\�D�VXPPDU\1 
of the complex concept of speed for sport from a total general 
perspective.

Fig. 1 For WKH�ORQJ�MXPS�KDV�VSHHG�D�VLJQLÀFDQW�LPSDFW�RQ�WKH�SHUIRUPDQFH

Fig.2 7KH�VRFFHU�SOD\HU·V�VSHHG�DQG�TXLFNQHVV��
� H[DPSOH�RI�VSHHG�LQ�D�EDOO�JDPH�

The Speed in many ball games can also be of crucial impor-
tance for exemple the soccer player’s acceleration (Fig. 2), 
JRDOLH·Vµ�UHÁH[µ�DQG�´WHQQLV�SOD\HU·Vµ�EDOO�UXVK�´�

A variety of factors interact to a sporting achievement.
A summary of important factors,  be shown in Figure 3.

SPORTS PERFORMANCE

Physical capacity

TECHNIQUE

Sport Theoretical 
knowledge

Coordination skills

Materials, physical 
education nice en-
vironment, coaches

Motivation, emotion, 
volition

Mental / Physical
basic properties

External factors

Inheritance Factors

Tactics

PSYCHE

Endurance

Strength Endurance

Maximum and
Quick strength

Mobility

Sprinting speed

Creativity Tactical
ability

Fig. 3 9DULRXV�IDFWRUV�LQWHUDFW�WR�D�VSRUWLQJ�DFKLHYHPHQW
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2. VARIOUS TYPES OF SPORTS SPEED One can distinguish different forms of sports speed1, which 
can provide coaches better able to analyze and plan the 
training. The so called capacity and requirements analysis 
provides answers to:
    
 Which capacity has the athlete achieved in respect of  
 speed required for his/her sports.
•  What are the speed needed to reach goals

:H�VKDOO�QRZ�GHÀQH�DQG�XVLQJ�SLFWXUHV�WR�GHVFULEH�WKH�
various forms of speed. One have to separate from 1. the 
HOHPHQWDU\��´SXUHµ��DQG����FRPSOH[�VSHHG��
    

  

2.1 Elementary speed The elementary forms of action-, reaction and frekvency 
speed depends on: 1)

•  Neurologic function
��� *HQHWLF�IDFWRUV��LQFOXGLQJ�PXVFOH�ÀEHU�FRPSRVLWLRQ

'HÀQLWLRQV�DQG�H[DPSOHV�

Action speed 
The ability to on low resistance  achieve the fastest pos-
sible movement 
Example: Fencing, fast ball shot / pass.

Reaction speed
$ELOLW\�WR�UHVSRQG�DV�TXLFNO\�DV�SRVVLEOH�RQ�D�´VWLPXOXVµ�
Movement, tone, etc.

([DPSOH��6SULQW�VWDUW�RQ�D�VKRW��UHÁH[�UHVFXH�RI�WKH�JRDO-
keeper.

  

   

Action speed
Reaktion speed             
Frequency speed

  

Speed strength
Speed strength endurance  
Speed endurance, maximum
Speed endurance, submaximum

 Type of sport speed    

Complex

Fig. 4 $QDO\]H�DQG�SODQ�WUDLQLQJ

Fig. 5 $FWLRQ�VSHHG

Fig. 6 5HDFWLRQ�VSHHG

1) Processed. from Grosser -91,16-17

Elementary
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Speed strength endurance
If repeated movements with maximal contraction 
velocity and high resistance occurs fatigue. At for ex-
emple intensive ball games with repeated accelerations 
required speed strength endurance.

Exampel: Basketball, soccer 

Speed endurance, maximum
Sprinting at maximum speed for 6-8 sec with frequency 
speed then requires, up to 20sek, speed endurance, 
maximum. 

Exampel: Sprinting 100 - 200m

Speed endurance, submaximal
To maintain a high sprint speed 20 - 60sek requires abil-
ity to work under high lactic acid stress. This is called 
endurance, submaximal.

Exampel: Sprinting 200 - 400m

2.2 Complex snabbhet The complex speed, which we shall describe below, you 
can greatly improve through practice. 1)

Speed strength
With the speed strength we mean the ability to achieve in 
the shortest time possible maximum force and speed on a 
relatively high resistance.

Example: Shot put, starting ability

Frequency speed
Repetitive movements with slight resistance in the 
shortest possible time.

([DPSOHV��´)O\LQJ�6SULQWµ�ZLWK�PD[LPXP�UXQQLQJ�VSHHG�
´)DVW�VNLSSLQJµ��IDVW�NQlO\IW���IDVW�EDOO�GULEEOLQJ�

Fig. 7 )UHTXHQF\�VSHHG

Fig. 8 6SHHG�VWUHQJWK

Fig. 9 6SHHG�VWUHQJWK�HQGXUDQFH

Fig. 10 6SHHG�HQGXUDQFH��PD[LPXP

Fig. 11 6SHHG�HQGXUDQFH��VXEPD[LPXP
1) Processed from Grosser -91,18



We begin by describing biological muscle strength, the 
complex nervous and muscular system’s build-up and 
function.

7KH�PXVFOH·V�EXLOG�XS
:LWK�WKH�KHOS�RI�ÀJ����ZH�VKDOO�VWXG\�WKH�PXVFOH�EXLOG�
up in detail. Muscle (a) consists of bundles of elongated 
FHOOV��ÀEHUV���PXVFOH�ÀEHU�EXQGOHV��E���0XVFOH�ÀEHU��F��DUH�
LQ�WXUQ�FRPSRVHG�RI�VR�FDOOHG�P\RÀEULOOHU��G��

&RQQHFWLYH�WLVVXH�VXUURXQGV�ERWK�ÀEHU�EXQGOHV�DQG�LQGL-
YLGXDO�ÀEHU�DV�WKH�HQWLUH�PXVFOH��7KH�PXVFOH¶V�HQGV�LV�
collected the connective tissue and turns into a strong 
tendon, which attaches to the bone.

,Q�D�PLFURVFRSH�\RX�FDQ�VHH�P\RÀEULOO·�V�FKDUDFWHULVWLFDOO\�
cross-striped, consisting of series-connected devices (e) * 
whose ingenious design can create a muscle contraction. 
The units consist of two different proteins (f) with astrin-
gent properties:  

� $NWLQ��DQG�0\RVLQÀODPHQW

,Q�D�PXVFOH�FRQWUDFWLRQ�WKH�P\RVLQ��DQG�DNWLQÀODPHQWV�DUH�
sliding into one another, with each unit and thus the entire 
PXVFOHÀEHU�VKRUWHQHG��7KH�PHFKDQLVP�EHKLQG�WKLV�LV�WKH�
IRUPDWLRQ�RI�VR�FDOOHG�FURVV�EULGJHV��I��EHWZHHQ�WKH�ÀOD-
PHQWV��:KHQ�FURVV�EULGJHG��ÀODPHQWV�´GUDZQµ�LQWR�RQH�
another. This will create a muscle contraction and power.

)LJXUH���F�I�VKRZV��ÀUVW�RQH��PXVFOH�ÀEHU·�V��,��LQ�FRQWUDF-
WLRQ�DQG�D�ÀEHU��,,��LQ�UHVW�SRVLWLRQ

3.1 Muscle strength, biological bases

*) SarkomererFig. 13 6FKHPDWLF�SLFWXUH�RI��WKH�PXVFOH·V�EXLOG�XS�RFK�IXQFWLRQ
  c- f ��0XVFOH�ÀEHU��,��FRQWUDFWHG
� � 0XVFOH�ÀEHU��,,��LQ�UHVW�SRVLWLRQ

3. SPEED - MUSCLE STRENGTH Speed is largely dependent on muscle strength. For ex-
DPSOH����������V�7UDFN�DQG�ÀHOG·V�2O\PSLF�JROG�PHGDO-
ists Carl Lewis, Mike Marsh and nowadays superstars från 
Jamaica, Bolt, Asafa Powel, Shelly-Ann Phraser-Pryce 
and Alaine Thomson have all devoted much of their trai-
ning in the strength room to build, besides a general basic 
VWUHQJWK�PDLQO\�D�VSHFLÀF�PXVFOH�VWUHQJWK�HVSHFLDOO\�
developed for speed. To explain how and why it is so 
important issue, will bothering biological and mechanical 
general grounds for the strength to be treated. This and the 
various concepts of strength, training principles, planning, 
exercise stores and strength programes can be read as a sepa-
rate part (Chapter 3).

Tendon
Bone

a. Muscle

b. Muscle-
� ÀEHUEXQGOH

c. Muscle-
� ÀEHU�,
 Muscle-
� ÀEHU�,,

G��0\RÀEULOO

e. Series-connec-
ted devices

f. Series-connected 
 devices�����$NWLQÀODPHQW 

  Cross bridges 
� 0\RVLQÀODPHQW 
   Cross bridges 

Rest position

Contracted

Connec-
ted tissue

Myosin Aktin

Fig. 12 6WUHQJWK�WUDLQLQJ�IRU�VSHHG��
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Fig. 14�0XVNHOÀEULOO·V�JURZWK��VFKHPDWLF�VNHWFK���:KHQ�
� �WKH�ÀEULOO�LV�JURZLQJ�DIWHU�WUDLQLQJ�WKH�PXVFOH�LV�
� �LQFUHDVLQJ�LQ�YROXPH�DQG�VWUHQJWK�

Fig. 16 ��3URFHVVHG�IURP�,3&�%LJ��
� 6SRUW�OH[LFRQ�����������

Fig. 15 (ODVWLF�PXVFOHV��VFKHPDWLF�VNHWFK�

Connec-
ted tissue

Muscle-
ÀEHUEXQGOH

 Enlarged
,QFUHDVHG�QXPEHU�
by division

Fibrillen
Strength training is stimulating the increased formation 
of contractile proteins. The muscle is then growing in
volume and can therefore develop greater force. The 
volume increase (increased cross-sectional area),scien- 
WLÀFDOO\�NQRZQ�DV�PXVFOH�K\SHUWURSK\��0K���LV�GRQH�E\�
ÀEULO�EHFRPHV�HQODUJHG��SRVVLEO\�H[WHQGHG�DQG�LQcreased 
in number (by division). See Figure 14. 

Muscle elastic quality
Earlier, we talked about the growth of muscle in volume 
(cross section) by training increased the strength. 
Strength depends however on many important factors. 
Such is the muscle elastic quality.

7HQGRQV�DQG�FRQQHFWLYH�WLVVXH��DQG�SRVVLEO\�WKH�ÀOD-
PHQW�RI�WKH�PXVFOH�WKUHDG��DFWV�DV�D�´UXEEHU�EDQGµ��7KLV�
provides an additional force such as in fast movements, 
sprint and jump, but also in easier muscle activities such 
as walking (especially in downhill) or jogging. Actually, 
in almost all of our daily movements the muscles works 
with a certain elasticity.

Figure 15 shows a schematic sketch of muscle func-
tion as elastic�´VSULQJ\µ��,Q�IDVW�PRPHQWV��VXFK�DV�WKH�
JURXQG�FRQWDFW��´JURXQG�SKDVHµ��LQ�WKH�VSULQW�VWULGH��WKH�
muscle’s elastic quality   also together with the so-called 
VWUHWFK�UHÁH[��GHVFULEHG�LQ�GHWDLO�RQ�SDJH������LV�FRQWUL-
buted  with considerable force.

Tendon



0XVFOH�ÀEHU�W\SHV
7KH�PXVFOH�KDYH�WZR�GLIIHUHQW�W\SHV�RI�ÀEHU�

Slow twitch  Fast twitch
67�ÀEHU� )7D��DOW��)7[�ÀEHU�1)

7KH�IROORZLQJ�WDEOH�VXPPDUL]HV�WKH�W\SH�RI�ÀEHU�FKDUDF-
teristics

7KH�WDEOH�VKRZV�FKDUDFWHULVWLFV�RI�WKH�ÀEHU�
W\SHV����(YHU\�KXPDQ�EHLQJ�KDV�LQKHULWHG�D�
FHUWDLQ�GLVWULEXWLRQ�RI�WKHVH��0D\EH�RQH�RI�
�������LQGLYLGXDOV�KDYH�PXVFOH�UHTXLUHG�WR�
EHFRPH�D�ZRUOG�FODVV�VSULQWHU��PDUDWKRQ�
UXQQHU�DQG�VR�RQ��2U�SOD\�KHULWDJH�VPDOOHU�
UROH�WKDQ�ZH�WKLQN������0��6MRVWURP��0��
(VEM|UQVVRQ������VHH�UHI�OLWW��"
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Fig. 17
(Modif. Grosser/Ehlenz/Zimmermann-91, 39)

Fig. 18
(Modif. Grosser/Ehlenz/Zimmermann-91, 39)

Fig. 19
(Modif. Grosser/Ehlenz/Zimmermann-91, 39)

/RDG����

movement 
velocity

7KH�GLVWULEXWLRQ�RI�WKHVH�ÀEHUV�GLIIHUV�EHWZHHQ�

* Groups of muscles (e.g. gastrocnemius have usually  
� PRUH�UDSLG�WKDQ�VORZ�ÀEHUV��ZKHUHDV�WKH�UHYHUVH�LV�WKH��
 case for Soleus).  
* Individuals (marathon runner might have 80% long-
� WKH�67�ÀEHU��VSULQWHUV�LQVWHDG�RI�����)7�ÀEHUV�

With the help of diagrams, we now describe how the dif-
IHUHQW�ÀEHU�W\SHV�DUH�HQJDJHG�DW�YDULRXV�ORDGV�DQG�PRYH-
ment velocity (see also page 14 and 17). Fig.17 shows 
KRZ�DW�ULVLQJ�ORDG�WKH�IDVW�)7$�DQG�PDLQO\�)7;�ÀEHUV�
progressively are engaged in larger scale. We also see that 
WR�D�ODUJH�H[WHQW�DOVR�WKH�VORZ�67�ÀEHUV�PXVW�DVVLVW��

If you increase the movement velocity more and more of 
WKH�IDVW�PXVFOH�ÀEHUV�PXVW�EH�DFWLYDWHG��)LJ�����DQG
19). We realize that if you need speed in your sports, 
VWUHQJWK�WUDLQLQJ�VKRXOG�QRUPDOO\�EH�GRQH�ZLWK�´H[SOR-
sive” force of effort and sometimes the high operating 
speed.
1)  Previously known as: Slow Type I and Type IIa fast alt IIb
2)  With the enzymatic activity is meaning biologically particulary pro-

teins, which accelerates cell metabolism. 
�� ´:LWKRXW�HQ]\PHV���QR�OLIHµ
3) See muscle energy metabolism (page 18)
4) Among others ATPase
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 Nerve - muscular systems
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Muscle strength and speed are highly depending on the 
properly functioning nerve - musculary system *), in the 
following lists some important components and functions

Motor unit
 Figure 20 is showing an example of a so-called motor 
unit. A nerve cell **) in the spinal cord channel is inter-
connected through its nerve ***) and branched, with a 
IHZ�PXVFOH�ÀEHUV��,W�LV�KHUH�TXHVWLRQ�DERXW�D�VPDOO�HQJLQH�
XQLW�ZLWK�IHZ�ÀEHUV��IRU�FRQWUROLQJ�RI�ÀQH�PXVFOH�PRYH-
PHQWV��DV�ÀQJHU�RU�IDFLDO�PXVFOHV��

/DUJHU�PRWRU�XQLWV�ZLWK�PDQ\�ÀEHUV��XS�WR�DERXW������
per neuron) are intended for the muscles, which can de-
velop more power (such as location muscles, m. gluteus). 
The largest motor unit has except for biggest nerve cell 
DOVR�FRDUVHU�PXVFOH�ÀEHUV�RI�WKH�IDVW�W\SH�,,E��7KH\�DUH�
used in sporting moments that require high power and 
speed.
Exampel: Different kind of accelerations and jumping eg 
LQ�EDVNHWEDOO��VRFFHU��DWKOHWLFV��´H[SORVLYHµ�VSRUWV�

Neurons in the motor unit is similar to a battery that is 
UHFKDUJHG�DQG�´GLVFKDUJLQJµ�RI�HOHFWULFDO�LPSXOVHV�



�
( Fig. 21). These impulses or nerve signals are transmit-
ted with a certain frequency (pulse / sec) to activate the 
PXVFOH�ÀEHUV��

Fig. 20 Motor unit (Modif. Grosser/Ehlenz/Zimmermann -91, 24) 

Muscle sensory organ
In order to control muscle activity, nervous system needs 
information about muscle length and tension, etc.

As an information source special sense organs (receptors) 
works and partly so-called muscle spindle (Fig. 22) in 
WKH�PXVFOH�DQG�SDUWO\�´*ROJL�WHQGRQ�RUJDQµ��6HH�ÀJ������
page 15) at the transition between tendon and muscle.

 
*) Neuromuscular system **) Motorneuron  ***) Axon ( Alt. Neurit ) 
****)  Action-potential

Nervtråd

spinal cord
channel

0XVFOHÀEHU

Nerve cell

Nerve

Fig. 22
(Modif. Grosser/Ehlenz/Zimmermann -91, 43)

Muscle spindle

0XVFOH�ÀEHU

Fig. 21 (OHFWULFDO�QHUYH�LPSXOV�



� 
(Modif. Grosser/Ehlenz/Zimmermann -91, 19) 

mV
+40

-40

  0

Electrical impuls



&RQWURO�RI�PXVFOH��VWUHQJWK�PRGHO��6WUHWFK�5HÁH[�
We shall now show a model of how the control of a muscle 
can be done. See Figure 23 and consider the brain and spinal 
FRUG�DV�D�´KXPDQ�FRPSXWHU�¶

)URP�WKH�´KLJKHVW�OHYHO�RI�FRQWUROµ�LQ�WKH�EUDLQ��$��QHUYH�
signals goes to a lower level of control in the spinal cord, 
QHUYH�FHOO��%���7KH�VLJQDOV�PRYLQJ�RQ�WR�WKH�PXVFOH�ÀEHUV�
(C), which be contracted. Muscle spindle (D) registers the 
muscle length changes and provides a feedback signal if for 
example, the muscle suddenly will be stretched. From the 
QHUYH�FHOO��%��D�QHZ�VLJQDO�FRPHV�WR�WKH�PXVFOH�ÀEHUV�IRU�
more muscle-power development. 1) 

The latter process is called VWUHWFK�UHÁH[, which together 
with the elastic properties in the muscle are involved in the 
so-called stretch-shortening cykle (SSC). In fast moments, 
VXFK�DV�JURXQG�FRQWDFW��´JURXQG�SKDVHµ��LQ�D�VSULQWHU�VWULGH��
SSC along with the muscle’s elastic properties is contribut-
ing with force, called reactive force. To achieve this effect, 
we are talking generally about this concept as plyometric 
strength, but we use here simply Reactive strength (Rs).
Rs is an important factor to train for (see page 33) for speed.
  
If the stretching would be too strong, Golgi tendon organ (E) 
registers  this and sends an inhibitory impulse to the nerve 
FHOO��%���7KLV�´WKURWWOHV�WKH�LPSXOVH�ÁRZ�WR�WKH�PXVFOH��WKHUH-
by the force is diminishing rapidly. The Golgia tendon organ 
thus protects muscle and the tendon for congestion.

In all sports training and competition you must do some
´6WUHWFKLQJµ�WR�DYRLG�VKRUW��´WLJKWµ�PXVFOHV��,Q�DGGLWLRQ��\RX�
have to put careful attention of the training to strengthen 
muscles and tendons. Otherwise the Golgia tendon organ 
LV�VHQGLQJ�LQKLELWRU\�LPSXOVHV�DQG�WKURWWOLQJ�WKH�ÁRZ�WR�WKH�
muscle impulse in an early stage. Of that reason the muscle 
cannot develop the force, which it normally should do. 2)

9LD�VSHFLÀF�QHXUDO�SDWKZD\V��)��PXVFOH�VSLQGOHV�FDQ�VHQ-
VLWLYLW\�EH�FRQWUROOHG�E\�WKH�EUDLQ��6WUHWFK�UHÁH[�PD\�WKHQ��
with just the right mental stress level during the contest, be  
triggered more quickly and so on.

1) Processed from J. Nilsson/Seger -92, 10

���)DFWV�IURP�*URVVHU�������+DWÀHOG����

       

Fig. 23 &RQWURO�RI�PXVFOH���6WUHQJWK�PRGHO�(Modif. J. Nilsson/Seger.-92, 10)  
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Fig 24 Variation of impulsfrequence
Modif. Saltin/Sjöström-85, 22

Intra musculary coordination:
1. Variation of impulse frequency 
� ´,I�D�PXVFOH�ÀEHU�LV�DFWLYDWHG�ZLWK�D�SXOVH
 a single contraction (contraction )*  is obtained”.
 See Figure 24a.

� ´,I�FRQWUDFWLRQV�LV�UHSHDWHG�VXIÀFLHQWO\�GHQVH��WKH�FRQ�
 tractions is summed to each other, ie. a greater force 
 will be developed than in a single contraction (Fig. 24b).

 If contractions comes even more frequent it will be a  
� VWDEOH�KLJK�SRZHU�GHYHORSPHQW�´�)LJ����F���,I�WKH�IRUFH��
 does not increase more at even higher pulse frequency**, 
 the motor unit’s maximum peak force has reached. 1) 

   

2. Variation of the number of motor units   
 The force can be increased when more motor units
 are engaged (recruited )***  
 See Figure 25a and b

� ´)LJ���D�VKRZV�VFKHPDWLFDOO\�KRZ�WKH�PRWRU�XQLWV�DUH
 engaged when the muscle strength gradually is in   
� FUHDVHG��8QLW������D�VORZ��67�ÀEHU��LV�ÀUVW�FRQQHFWHG���
 and is active throughout the muscle work. Unit (4), 
� D�IDVW��)7;�ÀEHU���LV�HQJDJHG�ODVW�EXW�ZLOO�EH�GLVFRQ�
� QHFWHG�ÀUVW��´2)

� )LJ���E�VKRZV�DQ�H[DPSOH�ZKHUH�WKH�´PRWRU�XQLW��$�µ��
� ORDG�RXW�´IRXU���%��WKUHH�DQG��&��WZLFH�LQ�D�JLYHQ�WLPH���
 Together, the motor units gives a relatively smooth   
� IRUFH�FXUYH��´µ�3)

Inter musculary coordination:
Coordination of motor units 
By the motor units are coordinated
(Synchronized )****, great force can be produced simul-
taneously, as required in many sports such as for exemple 
shot put.  

*) Twitch **) Frequency modulating 
***) Recruitings princip ****) Synchronizings princip

 The regulation of muscle force
(Nerve - muscle coordination)

1) Saltin/Sjöström -85, 22
2) Processed from J. Nilsson/Seger-92, 12
3) P. Tesch -86, 6

The regulation of muscle force, called the nerve muscle
coordination. (NmC) We shall later in the training section  
�SDJH���������VSHFLÀFDOO\�GHVFULEH�KRZ�WR�LPSURYH�WKDW�FD-
pacity. Full understanding of the training process requires 
that we also know anything about the principles that apply 
to the regulation of muscle power. NmC is also divided:
 Intra- and Inter musculary coordination
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Muscle force

 A Single contractiona

b

c
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+LJK�LPSXOV��
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9DULDWLRQ�RI�QXPEHU�RI
motor units
Modif. P.Tesch-86, 6
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Fig 26

(Modif. IPC Stora
Sportlexikon 1975, 19
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Other properties depending
of muscle structure

The complex design of the muscle involving additional 
factors, which affect muscle strength (see also previous 
section, page. 11 and 12).

5HODWLRQ�EHWZHHQ�PXVFOH�IRUFH���YHORFLW\��
A muscle contraction in which muscle is developing 
force (tension) during shortening, is called concentric 
contraction. The muscle can also develop tension when 
the muscle is extended - a so-called eccentric contrac-
tion.

For sport, it is interesting to study the relationship be-
tween muscle force and kontraktionshastighet (see dia-
gram, Figure 27). In concentric contraction the muscle 
force is reducing when increasing speed. In concentric 
muscle contraction force decreases with increasing 
speed. This is because there is not enough time to form 
FURVV�EULGJHV�EHWZHHQ�P\RVLQ�DQG�DNWLQ�ÀODPHQW��6HH�
page 11.) in the same quantity, as at lower speeds.

Many sportsmoment, such as in the take-off in the long 
jump, begins with an eccentric contraction (see also 
page. 24, Figure 44). According to the relationchip be-
tween the force - velocity can the biggest muscle power 
be developed during the eccentric kontraktionsfasen and  
even at high speed. This explains that the triple jumpers 
can create big jumping force (Fig. 27, 32 and 44). See
also page 66-73 about longjump.

One explanation for the increase of force during eccen-
WULF�ZRUN�FRXOG�EH�WKH�WKHRU\�DERXW�WKH�VWUHWFK�UHÁH[��VHH�
SDJH�������ZLWK�WKH�´WKURWWOHµ�IURP�WKH�PXVFOH�VSLQGOH���$�
more important reason is that muscle takes up much of 
the load thanks to its elastic properties.

5HODWLRQ�EHWZHHQ�PXVFOHIRUFH���PXVFOH�OHQJWK
Figure 28 shows that muscle strength also varies de-
pending on the muscle length. Ultimately, muscle 
strength, depends on how many cross-bridges that can 
be created. This depends among others on the impulse 
IUHTXHQF\�WR�WKH�PXVFOH�ÀEHU��7KH�QXPEHU�RI�SRVVLEOH�
cross-bridges and thereby force development, however 
differ considerably at different lengths on as well the 
PXVFOH��DV�WKH�VPDOOHVW�XQLWV�LQ�P\RÀEULOOHQ��VHH�SDJH�
4). In normal length (B in Figure 28) the greatest num-
ber of  cross-bridges can be connected.
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Muscle energy metabolism  
A muscular work requires that energy is available. The 
muscle produces energy according to three systems
(Fig. 29, three-step model):
 
 
 
 
 
Energy is stored in muscle (Fig. 30) in the form of fat 
and carbohydrate (glycogen). However this energy must 
ÀUVW�EH�WUDQVIRUPHG�LQWR�VR�FDOOHG�ATP in order to the 
muscle will be able to develop force. ATP must always 
EH�SUHVHQW�LQ�WKH�PXVFOH�DV�VPDOO�´HQHUJ\�SDFNDJHµ� 

At a maximum force input, as for example a sprintstart, 
LW�LV�ÀUVW energy system (A): ATP which is used and 
lasting about 2 seconds or 3-4 maximum muscle con-
tractions. Order to after this quickly get ATP so-called 
CP (Creatine phosphate) can be broken down. This is 
enough for about 6-8 seconds (In special cases up to 20 
sec), or about 20 muscle contractions (at 40-60% 
of RM). 

At slightly longer muscular work with still high inten-
sity, energy system (B) is used: Now the glycogen is 
broken down with producing of lactic acid . This also 
provides new ATP as energy. This energy process has 
twice the capacity, but 50% less power compared to the 
energy (A).

$W�SURORQJHG�ZRUN�$73�LV�SURGXFHG�LQ�PXVFOH�ÀEHU·V�
Mitochondria��WKH�FHOO·V�´SRZHU�FHQWHUµ��)LJ�������E\�
the burning of glycogen, glucose and fat. This is en-
ergy system (C), which has low power but much larger 
capacity. Ever occurs this burning process. At harder 
work, where the pulse is over 115, glycogen storage is 
used in muscles.  For brain functions constant glucose, 
is needed partly from storages in the liver, partly from 
the diet we eat after processing in the gastro-sac and 
small intestine. At rest and light work it is primarily fat 
burning.

Fig. 29 7KUHH�HQHUJ\�V\VWHPV��V\PEROL]HG�DV�D�
��VWDJH�URFNHW���

1) Author’s idea. Table data from Grosser/Zimmermann/Ehlenz -91, 48 and Grosser/
Starischka /Zimmerman -93, 107.

2) Processed from P. Tesch -86. 3
3) Modif. Grosser/ Ehlenz/Zimmermann -91, 22  and P. Tesch-86.

A. Anaerob process without lactic acid *) 
B. Anaerob process with lactic acid **) 

C. Aerob process with oxygen

2)
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*)  Anaerob alactacid
**)  Anaerob lactacid
***) Sarcoplasmatic reticulum

Fig. 30 0RGHO�RYHU�PXVFOH�ÀEHU�3) 
� ZLWK�DPRQJ�RWKHUV�PLWRFKRQGULD�
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3.2 Muscle strength, mechanical bases 

:KDW�LV�PXVFXODU�VWUHQJWK"�'HÀQLWLRQ

With simple mechanical bases, we can better under-
stand the importance of the muscle strength at a sport-
ing performance.

With maximum strength is normally understood as the 
maximum strength that can be  produced in a single 
muscle movement so-called RM 1 = 1 Repetition Maxi- 
mum. Different conditions then affect the strength deve-
lopment, such as movement speed and angles of joints.

Muscle strength is also described as the torque of force 
the muscle can produce around a point with the help 
of his lever.*) Such a force torque exists in interaction 
between bicepsmuskelns force and lever arm, which 
makes it possible to lift and hold a weight in the hand. 
See schematic illustration, Fig 31st 1)

One purpose of the muscular power in sport is usually 
to achieve accelerating movements, such as sprint, 
jump, maybe with gears or ball. From a mechanical 
point of view, we can see that force = mass **) x 
acceleration

The above so-called force equation tells us that the 
greater the force, the greater the acceleration. If we 
continue with some mechanics performance in many 
sporting moments simply could be described as: 

 Power development ***)

Muscle Force / Capacity 

0RPHQWV�RI�IRUFHV� �0XVFOH�IRUFH�[�/HYHU�DUP

��0� �)��[��O��

acceleration   = Force
mass

SRZHU�GHYHORSPHQW� �IRUFH�[�VSHHG

*) Lever arm = The perpendicular distance from muscle force’s 
 direction to the joint’s rotation point
**) The mass of the sport can involve such as the body weight

When work (W) = Force ( F) x distance (s) we get

:H�REWDLQ��3� �)��[��Y� 
 
´6SRUW�SHUIRUPDQFH� �)RUFH��[��6SHHGµ�� � 2)

power 
GHYHORSPHQW��***)

ZRUN
time

��3� :
t
�

P = :
t

)�[�V
t

= RFK�Gn
s
t

 ��Y��KDVWLJKHW�

1) Processed from  J. Nilsson/Seger -92, 3
2) Processed from Grosser/Ehlenz/Zimmermann -91, 12

Fig. 32 0RWLRQ�DQDO\VLV�XVLQJ�WKH�VWLFN�ÀJXUH��IURP�WKH�ÀOP�UH�
FRUGLQJ��26�����VKRZV�WKH�ODVW�WZR�VWHSV�LQ�WKH�DSSURDFK�DQG�WKH�
WDNH�RII�RI�%RE�%HDPRQ·V�OHJHQGDU\�ORQJ�MXPS�UHFRUG�DW�������
:LWK�VXFK�D�KLJK�VSHHG�LQ�WKH�DSSURDFK�DV������P���V�DQG�D�YHUWL�
FDO�MXPS�VSHHG�����P���V��%HDPRQ�SHUIRUPHG�DQ�LQFUHGLEO\�MXPS��
)URP�WKHVH�GDWD�LW�LV�HVWLPDWHG�WKH�SUHVVXUH�RQ�KLV�MXPS�OHJ�ZDV�
QHDUO\�D�WRQ�

4.2m/s

10.7m/s
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Fig. 31 TKH�ELFHSV�PXVFOH·V�IRUFH�DQG
� OHYHU�DUP�RI�WKH�HOERZ�MRLQW
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 If we study force equation againThe link between body weight and 
relative strength

addition to the acceleration depends directly on muscle 
force, it is inversely dependent on body weight. If this 
increase muscle force instead must increase percentage 
more e.g. for better jumping strength (Figure 2).(33).

In a 100m race sprinter accelerates over approximately 
60-70m at a maximum speed. Long jumpers must, in 
near top speed, accelerate the body vertically, soccer 
player would win the nod duels and so on.

If you train strength e.g. only with slow movements and 
heavy weights, you will increase relatively quickly in 
muscle mass and body weight. But then you perhaps are 
WUDLQLQJ�XS�D�ORW�RI�VORZ�ÀEHU�W\SH��ZKLFK�DUH�YHU\�OLWWOH�
involved in muscular power output at a jump or sprint.

If we also plan the nutrition*) for our sportsmen bad (we 
should have great insight in the importance of nutrition 
IRU�VSRUW�DQG�KHDOWK���ZH�FDQ�HDVLO\�REWDLQ�D�´EDOODVWµ��
7RR�RIWHQ�´VZHHWVµ��DV�IRU�H[DPSOH�LFH�FUHDP��ZLWK�FRQ-
WHQW�RI�UDSLG�´VXJDU·�FDUERK\GUDWH�DQG�PXFK�IDW�PD\�EH�
the cause.

Ballast, ie. increased body weight does not contribute to 
power generation, thus implies that the mass in the force 
equation is increasing. If not muscle strength, and then 
so-called the Rapid strength is increased by the more 
HIÀFLHQW�VWUHQJWK�WUDLQLQJ�LV�D�JUHDW�ULVN�WR�RXU�MXPSV�RU�
sprints deteriorate.  The table shows examples of how 
you, through tests, could calculate the relative strength = 
muscle force divided by body weight. An Increase in the 
relative strength factor is a good basic signs of improve-
ment of the speed and jumping ability

 

7R�NHHS�GRZQ�ERG\�ZHLJKW��
PD\�QRW�JR�WR�H[DJJHUDWLRQ��
SDUWLFXODUO\�JLUOV�PXVW�EH�FDUH-
IXOO\�WR�HDW�SURSHUO\��,W�LV�D�VDG�
IDFW�WKDW�WKHUH�LV�D�DQRUHFWLF�
EHKDYLRXU�RI�PDQ\�\RXQJ�
SHRSOH�LQ�VSRUW��7KLV�SDU�
WLFXODUO\�DSSOLHV�WR�JLUOV�EXW�
SHUKDSV�DOVR�ER\V�WRGD\�

*)

and instead of force and mass, in sport, type muscle 
force respectively. body weight, we realize that in

Force 
(F )

Spec.strength
Exercise:
Powerclean:

100kg  

Powerclean:
110kg

Powerclean:
120kg

Mass 
(m)

  Body
 weight

70kg

70kg

76kg

 Relative
 strength

100 (F)
 70 �P�
 = 1.43
 110

70
 = 1.57 

 120
 76
  = 1.57

Test 
I

Test
 II

$QD�
lysis

Test
 III

$QD�
lysis

����,PSURYHPHQW 
5HO��VWUHQJWK�LQFUHDVHG�IURP������WR������

����,PSURYHPHQW 
�5HO��VWUHQJWK�VWLOO�������$V�D�UHVXOW�RI�LQ-

FUHDVHG�ERG\�ZHLJKW

)RUFH��PXVFOH�IRUFH�
 0DVV��ERG\�ZHLJKW��

=$FFHOHUDWLRQ

Fig. 33 7KH�DFFHOHUDWLRQ�LV�HTXDO�WR�WKH�PXVFOH�IRUFH��
� GLYLGHG�E\�ERG\�ZHLJKW��7KH�SLFWXUH�VKRZV�D�YHU�
� WLFDO�MlPIRWD�XSSKRSS��D�W\SLFDO�DFFHOHUDWLRQ�LQ��
� D�QXPEHU�RI�VSRUWV�WKDW�UHTXLUH�MXPSLQJ�VWUHQJWK�

Muscle force

Body weight

acceleration



,Q�WKH�RSHQLQJ�VHFWLRQ�������ZH�GHÀQHG�LQWHU�DOLD�
muscle strength as a moments of forces:

 

Now we shall analyze a simple weight lifting (Fig. 34) 
with a biceps muscle. Then we need to distinguish between 
an internal and external moment.

If the biceps develops the Power Fm and has lever arm lm, 
constitute Fm X Lm the internal moment. The external mo-
ment is formed of lever arm ly (= forearm length) x weight 
V. In order to keep the weight lifted in position as shown, 
there must be a balance between external and internal mo-
ment i.e.

The importance of the internal moment.
Example: Two people (A and B) may have different at-
tached points for his biceps muscle in the forearm (Fig.34 
A and B). For the biceps tendon attaches A 7cm on fore-
arm. B has an attachment point 4 cm from the joint cen-
ter. If both then develop the same muscle power, A will 
achieve much greater moment of force and therefore be 
able to lift more weight. 1)

Fm

ly

lm

V  x  ly =  Fm   x 
lm

4cm7cm

A B

Fig. 34 $W�WKH�7RS�VKRZQ�LQWHUQDO�PRPHQW��)P�[�OP��DQG�H[���
� WHUQDO�PRPHQW���:�[�O\��DW�D�ZHLJKW�OLIWLQJ��%RWWRP�
� WZR�SHRSOH�ZLWK�GLIIHUHQW�LQWHUQDO�OHYHU�OHQJWKV

 Internal and external moments of forces

  V  x   ly   =   Fm x   lm

21
1) Bearb. ur P. Tesch-86, 9

V

0XVFOHIRUFH� �[� �/HYHU�DUP

The moment of force also varies according to different an-
gles of joints. Figure 35 shows the schematic for a knee ex-
tension.The internal lever arm is greatest in position B. Fig 
.36 shows the measured moments at different knee angles 
and speeds. Here the current muscle length, has although 
(Cf. previous page.17) great importance.

The importance of the external moment.
Example: A person A with long arms have a greater
external moment in such as bench press than person B with 
shorter arms. B therefore need not perform equal muscle 
force as A at the same weights

Fig. 35 �6FKHPDWLF�OD\RXW�

lm1 

F

F

lm2

F

lm3

A

B

C

lm2 > lm1

Fig. 36 6WUHQJWK�YDULDWLRQV�DW�GLIIHUHQW�
NQHH�DQJOHV�DQG�FRQVWDQW�PRYH-
PHQW�YHORFLWLHV��������V�� �,VRPHW-
ULF�������V�DQG���������V��PHDVXUHG�
DW�D�VSHF��G\QDPRPHWHU�WHVWLQJ����1) 

Modif. from A. Thorstensson-85, 59
 

Kraftmoment, Nm 9LQNHO�
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Different types of level arms. People use three 
types of lever arms: 

I. The most common lever arm with the base   
 (pivot axis) is located at one end, resistance 
 in the second and muscle force between (Fig.  
� �����7KH�ÀJXUH�VKRZV�DV�H[DPSOH�DQ�DUPFXUO��
 with weight.      
 

 II. Where the base of lever arm is located be-  
  tween muscle force, in our example (Fig.   
  38) tricepsmuscle, and the external resistance.  
� � 7KH�ÀJXUH�LOOXVWUDWHV�WKLV�ZLWK�WULFHSVSUHVV���
  with barbell and throw with the arm or similar  
  motion.
   

 III.  Both the external resistance and muscle force 
are on the same side as the base but directed in different 
directions. In our example (Fig. 39) the muscle force 
Fm of the calf muscle is pointing up while the body’s 
gravitational force Fy is directed downward through the 
lower leg. Here we use a toe raise as appropriate motion 
to show this kind of lever.

,W�LV�QRW�GLIÀFXOW�WR�LPDJLQH�WKH�KRZ�JUHDW�LPSDFW�KHUHG-
itary differences in leverage ratio may have to develop 
force and speed.

In all of the above examples the case is a short internal 
lever and long external so-called resistance arm. This 
is favorable for the development of higher speed, eg 
movement of an object (in the sport: Throwing tools, 
body weight, etc.). Short stature weightlifters, who 
inherited the long internal lever, has good conditions 
to develop great power in its lifting. A long throwers 
instead has special leverage ratio in order to give the 
throwing equipment   high-speed.  1) 

1) Processed from G. Dyson -72, 69

Fig. 37 /HYHUDJH�H[DPSOH�,��:HLJKW�OLIWLQJ�ZLWK�WKH�ELFHSV�

Fig. 38 /HYHU�H[DPSOH�,,��,V�XVHG�IRU�H[DPSOH�ZKHQ�WKURZLQJ��
� ZLWK�WKH�DUP�DOW��WULFHSVSUHVV

Fig. 39 /HYHU�H[DPSOH�,,,��7RH�UDLVH

lm

Fy

ly lm

Fm

ly

Fm

lylm

Fy
Fy

lm ly

Fm

ly lm

V

ly lm

Fm

Fm
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,Q�WKH�FDVH�RI�WKH�VSHFLÀF�VWUHQJWK�WUDLQLQJ��PRUH�DERXW
this in chapter 3.4) the operating angles of the strength ex-
ercises should be in close conformity with technique in the 
sport’s discipline  (Fig. 40). This is due to that improvements
LQ�PXVFOH�VWUHQJWK�LV�VR�´VSHFLÀFµ�UHODWHG�WR�KRZ�DQG�ZKDW
you practice. For this the  have developed a Special strength 
machine for sprint and jumping called Powersprint® 1)  

Since muscle strength or force moment varies strongly
depending on angles of the joints, we understand that shot put-
WHU�LV�WUDLQLQJ�VSHFLÀF�VWUHQJWK�ZLWK�IRU�H[HPSOH�REOLTXH�EHQFK�
press  (Fig. 40b). 

When you train more special strength training for competition 
you should, except angles of the joints, also be thinking of 
form of contraction and movement speed. See pages 24 and 32 

You must have knowledge of muscles and movement tech-
niques in your sport. In Figure 42 (football and fast running) 
we can study the most important muscles seen from the front 
and rear.

A schematic layout (Fig. 41) can help us better understand 
muscular function of the hip, knee and ankle.

  6SHFLÀF�VWUHQJWK��PRYHPHQW�DQJOHV�
 -velocity, -technique). Powersprint®

Fig. 40a 6SHFLDO�VWUHQJWK�PDFKLQH�
Powersprint®

� IRU�VSULQW�DQG�MXPSLQJ�1)  

Fig. 41 6FKHPDWLF�OD\RXW�IRU�XQGHUVWDQGLQJ�WKH�PXVFXODU�� �
� IXQFWLRQ�RI�WKH�KLS��NQHH��DQG�DQNOH�

Fig. 40b 'LVFLSOLQH�VSHFLÀF�
WUDLQLQJ�IRU

� VKRW�SXWWHU��

 1) www.powersprint.space2u.com
*) m. gluteus minimus is completely covered by the m. gluteus medius
**) These muscles covering almost a third: m. semimembranosus

� � � �  

and

Biceps brachii,
bends in elbow
(Flexion) 

adduktor-group, 
pulling leg inwards
(Adduction)

   Quadriceps femoris

Vastus lateralis, 
Vastus medialis 
extend in knee joint

Rectus femoris, ex-
tending knee joint 
DQG�ÁH[�WKH�KLS

*DVWURFQHPLXV��ÁH[�
the kne and extend
in ankle
�3ODQWDUÁH[LRQ�

Tibialis anterior,  
bend in ankle joint
�'RUVDOÁH[LRQ�

Rectus abdominis, bend 
�ÁH[��WRUVR�IRUZDUG�

The drawing shows a long jumper with hitch-kick technology immediately 
before landing.

Deltoid movement in shoulder joint  
a. Lifts the arm outwardly-upwardly 
( Abduction)
b. Back suspended and outward
 rotation
(Extentend and supinate 

3HFWRUDOLV�PDMRU�PRYH�DUP�IRUZDUG��ÁH[LRQ��
in shoulder joint) and move arm toward
center in the horizontal plane (inward
rotation of shoulder joint

Left fifigure (Author's simple drawing) shows 
a long jumper just before landing

The function of the most important musclesFig. 42
Fig. 42 7KHPRVWLPSRUWDQW



As examples of the different muscle work and type of mus-
cle contractions muscle  is showing shown in Figure 44A 
and B, a biomechanical analysis of a longjump .4) With the 
KHOS�RI�PRWLRQ�GHVFULSWLRQ�ZLWK�OLQH�ÀJXUHV�DQG�D�VR�FDOOHG�
pressure diagram can the take-off be analyzed as follows:
Muscle work and type of contraction, ÀJ����$ 
  a - c : Elastically give after
    (Excentric type of contraction)
       c : Keeping against
    (Isometric type of contraction)
� � F���G���.HHSLQJ�DJDLQVW�DQG�´RYHUFRPLQJ
    (Koncentric type of contraction) at last  
� �� � � FRXQWHUIRUFH�IURP�WKH�WUDFN�ZLWK�DQ�´H[�
    plosive drive”.from the board.

6WUHQJWK�IRUPV���GLIIHUHQW�GHÀQLWLRQV� ÀJ��%
With help of the pressure diagram and strength tests   
 different kind of strength forms can also be analyzed (se 
lY��VLG�����Maximal reactive strength
  Explosive strength 
  Speed strength 
  Start force
Linguistic meant by the Speed strength usually
same as explosive strength. The measurement technology 
�DFFRUGLQJ�%\KOH�������WKH�IROORZLQJ�GHÀQLWLRQ� 
  Start force:  Reached force after 50ms 

The table below together with Figure. 43 A-C sums up 
different muscle work and type of contractions. 

3.3 Strength, different concepts, muscle
working methods and type of contraction

MUSCLE WORK 
´.HHSLQJ�DJDLQVWµ�LQ�PRWLRQ
�DQG�´RYHUFRPLQJµ��$�
 
Keeping against in-motion
 and ”give after”(B)

Keeping against without 
motion (C) 

 

TYPE OF CONTRACTIONS
Koncentric  (A) Contraction with 
   shortening

Excentric  (B) Contraction during 
 lengthening

Isometric  (C) Contraction without   
 length change

2)

3)

2) 
 

1)

2)

3)

Isotonisk =  Unifying concept for the contraction of length change of muscle. Som pure form rare. In-
stead there are mostly together with Isometric contraction as above. 
The type of contraction is rare in pure form but instead as:
Isometric-Concentric alt. Isometric, Eccentric

Processed from Grosser/Ehlenz/Zimmermann 1991, 59 

A B

C

Fig. 43 ([��'XPEEHOO�/LIW�IRU�WKH�VKRXOGHU�PXVFOHV

Dyna-
mic 

Static

Fig. 44 %LRPHFKDQLFDO�DQDO\VLV�RI�D�ORQJMXPS��   

Vertical
force

Time

Reactive strength

 Tmax
 Fmax

4) Processed from Grosser/Ehlenz/Zimmermann 1991, 61, 65
���µ��� �+DWÀHOG���������

Maximal
reactive
strength 
necessary 
for the high 
pressure 

24

    t

    F

a b c

dA

B

Starting
strength

1)

Explosive strength:

Speed strength:

(the slope of the curve)

Fmax
Tmax

 F
 t

Ex
pl

os
iv

e 
st

re
ng

th

50ms 

    F

    t
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Summary of strength forms and part-
factors in strength development for speed 

Here follows a summary of strength forms and the diffe-
rent part-factors, which together affect strength develop-
ment of various sports demanding speed. It is a complex 
interplay of muscles, nervous system and various external 
factors. 1)

In strength training for speed applied 
three different type of strength, which
FDQ�EH�GHÀQHG�� 1)

1) Processed from Grosser/Ehlenz/Zimmerman 1991, 
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 Speed strength (Ss)
”At shortest possible time achieve 
greatest possible force”.

 Jumps strength (Js) 
Achieving such a high elastic knee-jerk 
muscle force as possible in the 
SSC (stretch-shortenings cykle).

Maximalstrength (Ms)  
”Without special conditions achieve 
maximal force”.

Maximal strength
�0V�

Muscle
building

The cross-sectional muscle 
,QFUHDVH�

(Hypertrophy) 
(Mh)

   Fast       
��PXVFOH�ÀEHUV

 
 Nerv – muscle
  Coordination

(NmC)

,QWUDPXVFXODU��

 
 Reactive 
Strength

 Elastic
 properties

 Stretch   
�UHÁH[

 Speed
Strength

 

,QWHUPXVFXODU�FRRUGLQDWLRQ�

Reactive strength (Track and Field)
Speed ( Track and Field)

Speed (Ball games)
Throwing strength (Javelin throw, handball)



1) Processed from Grosser/Ehlenz/Griebl/Zimmermann-94, 26-28 
2) - ” - ” Grosser/Starischka/Zimmermann/Zintl -93, 77

Muscle hypertrofy 
training

Speed strength alt.
Reactive strength

  3/4 - 1
 Day and night

  3/4 - 1
 Day and night

 2-3
 day

 3-4
 day 

      Almost complete
������UHFRYHU\���������

       Complete
������UHFRYHU\�������

Different training’s loads means different great tissue 
degradation. The time required for recovery is individual 
and depends, inter alia, the type of workout, intensity, 
quantity, etc.
The following table2) indicate examples of 90-95% 
(almost complete) and 100% (full) recovery during trai-
ning for muscle hypertrofy training respectively speed 
strength alt. reactive strength.
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([DPSOHV�RI�WKH�UHFRYHU\�WLPHV��
ZKLFK�PD\�EH�UHTXLUHG�LQ��
´0XVFOH�K\SHUWURI\�µ�UHVSHF-
WLYHO\��VSHHG�VWUHQJWK��DOW��UHDF-
WLYH�6WUHQJWK�WUDLQLQJ� 2)

3.4 Strength training for speed 

See Figure 45. When the body is exposed to training 
ORDG�´ERG\�WLVVXH�LV�EURNHQ�GRZQ��DQG�WKH�SHUIRUPDQFH�
ability deteriorate. Eventually it happens a recovery and 
tissue’s adapting (so-called super-compensation) to the 
new requirements. All-round strength training improves 
the following:

 Muscle strength increases due to that
 the muscle volume increases  
 Nerve-muscle coordination.
 Reactive strength 
 muscle contraction speed
  Muscle’s ability to produce energy. 

The following general principles should be considered 
when planning training. 
 
 Just enough rise of load *) 
 The balance between training load and re-
 covery should be balanced.
 varying training load, so-called pulsation.
 Planning of training’s periods.

Load and recovery. Pulsation.
The following table summarizes the most important fac-
tors, which constitute training’s load.

General. What happens to the body
in the training of strength

General principles of training planning

Fig. 45 6FKHPDWLF�SLFWXUH�RI�SHUIRUPDQFH�DELOLW\�DW�WUDLQLQJ·V��
� ORDG�DQG�UHFRYHU\�

 

Performance
ability

Supercompensation

Recovery

7UDLQLQJ·V
 load

*) s.k.Progressivity

 
Frequency

Number of work- 
outs per week and 
days

7UDLQLQJ·V
load

  Intensity

 Weight Load  Pause  Pace

Set.
Reps
Tons.

 % Of 1 RM =
 1 repetition
 maximum

 Min

7KH�WDEOH�OLVWV�WKH�PDLQ�ORDG�
IDFWRUV�IRU�VWUHQJWK�WUDLQLQJ��
7KHVH�YDU\�ZLWK�WKH�LQGLYLGXDO�
´IHHOLQJµ��DQG�DIWHU�D�FDUHIXOO\�
SUHSDUHG�WUDLQLQJ·V�SODQQLQJ�

Kontraction 
speed

1)

1)



At almost full recovery good training’s results can be 
achieved in direct subsequent day of training. However, 
days of rest and easier training days should be added 
in the week so that next week begins full recovered 

Fig 46 and 47 show example of a week’s training (So 
called microcycle, see page 29). To vary the training load 
with lighter and heavier training days, weeks and alter-
nating periods called training pulsation. For example, a 
long jumpers weeks may consist of the following training:

Fig. 47 ([DPSOHV�RI�WKH�ZHHNO\�� �
� �´0LFURF\FOHµ��WUDLQLQJ�� �

Seamless drawn in Figure 48 shows schematically how the 
performance ability may vary during the week. Important 
to both coach and the active are aware of what’s happen-
LQJ��$�GHJUHH�RI�´ÀQJHU�VHQVLWLYLW\µ�PD\�EH�QHHGHG� 

After 2-3 weeks of training you need an easier week to 
DYRLG�´RYHUWUDLQLQJµ��GDVKHG�L�)LJXUH�����DQG�JHW�D�JRRG�
balance between training load and recovery. Different vari-
ants of the weekly pulsations shown in Fig 49.

After several weeks of high training’s load, the perfor-
mance nevertheless reduces slightly (Fig. 50). Then you 
lower the total training’s load during a few weeks . The 
LQWHQVLW\�FRQWLQXHV�WR�LQFUHDVH��EXW�E\�WKH�VLJQLÀFDQWO\�
decreased the amount of training  a major super-com-
pensation can be obtained by ascending form. The 
Figure 50 shows this schematic with speed strength and 
speed as an example.

In the next section, we continue the planning of strength 
WUDLQLQJ�IRU�VSHHG��:H�WKHQ�JLYH�H[DPSOHV�RI�VSHFLÀF�
training in different sub-periods. Examples of more 
complete training’s planning, which also includes speed 
and technique training will be dealt with later in 
Chapter 4.

+

=

Performance ability

“Over training”

 Supercompensation

TiM O T F L

Fig. 46 ([DPSOH�RI
� ZHHNO\�SXOVDWLRQ
� ZLWK�UHVW�GD\V� � �
 

Fig. 48 3HUIRUPDQFH�DELOLW\�ZLWK�GD\V�RI�UHVW��VHDPOHVV�GUDZQ�LQ�ÀJ��
� 3HUIRUPDQFH�DELOLW\�ZLWKRXW�GD\V�RI�UHVW��GDVKHG�LQ�)LJ��

Fig. 50 3HUIRUPDQFH�ZLOO�IDOO�VOLJKWO\��WR�JUDGXDOO\�LQFUHDVH�
� E\�VXSHUNRPSHQVDWLRQ��ÀUVW�VSHHG�VWUHQJWK�DQG��D�
� OLWWOH�ODWHU�VSHHG�
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VSHHG�
strengthPerformance ability

Speed

Fig. 49 :HHNO\�SXOVDWLRQV
Positiv 3:1Positiv 2:1 Negativ 2:1

S

3HULRG�,,� 3HULRG�,,,�� &RPSHWL��
�6H�ÀJ�����RFK����  tions

Måndag  Tisdag  Onsdag  Torsdag  Fredag  Lördag  Söndag
Strength Jumps

Tech-
nique
Speed

Plyomet-
ric trai-
ning

Rest Strength Speed Rest



 Planning of training periods It is not possible to maintain high performance in the sport 
longer than about two months. We must also build up our 
´VKDSH�FXUYHµ�ZLWK�D�SKDVHG�SODQ�RI�GHYHORSPHQW���VSDQ-
ning several years. This is among others the reason for the 
scheduling of training in sub-periods, with the general and 
VSHFLÀF�UHTXLUHPHQWV�IRU�WKH�VSRUW�LQ�FRUUHFW�EDODQFH�UHODWLRQ� 

You can choose to plan for a full-year but usually the most 
popular is planning in half-year periods, because of the ad-
vantage with two contest periods per year. It can 
facilitate the motivation and high-quality training in a 
shorter period. Examples of such are we now describe, with 
the help of Figure 51 and 52.

Examples, period planning, the main content 1)

)LJXUH����VKRZV�DQ�RYHUYLHZ�GLDJUDP�RI�WKH�ÀWQHVV�JRDOV�
of different sub-periods . Figure 52 illustrates how the 
training volume, intensity and shape curve are planned 
schematically. 

General preparation, period I (4-8veckor):
 Slowly increasing training volume (size) and
 intensity (Fig. 52). More focus to train the entire body.
 Anatomic adaptation (Aa) to heavier loads. Certain slight  
 hypertrophy3: 15-25rep, 40-60% alto. 10-6, 60-80%.  
 (Sid.27-28)
 Reactive Strength (Rs) is trained to begin with plyo 
 metric so-called long multi-step (12 alt. 15 jumps /se- 
 ries, see sid33). 
6SHFLÀF�SUHSDUDWLRQ��SHULRG�,,�����YHFNRU��

7KH�WUDLQLQJ�YROXPH�´OHYHOV�RIIµ�DQG�UHPDLQV�RQ�WKH�
highest level from the period, while the intensity in-
creases (Fig. 52).
6SHFLÀF�WUDLQLQJ�IRU�VSHHG�
The training is now aiming to improve the nerve-
muscle coordination (NmC) (Intra/Inter-musculary
coordination (Se page 16)) : 1-5 rep, 75-85%.

 In the training of reactive strength now also plyometric  
 so-called short multi-steps (3, 5, 10 jumps / series, see p.  
 33) are included. 
Competitions, period III (3v):

During the weeks you prepares for competition, the 
training volume is reduced and the intensity increases. 
)RU�VSULQW�DQG�ORQJMXPS�ZKLFK�UHTXLUHV�´H[SORVLYHµ�
speed, reactive ability, etc. the training now is aimed 
to even better neuro-muscle coordination (5-1rep, 80-
��������������$W�WKH�VDPH�WLPH�WKH�VSHFLÀF�VSHHG�
strength training (Ss) is starting: 6-8rep/55-60%. The 
intensity of the reactive training is increased further 
ZLWK�KLJKHU�YROXPH�RI�´VKRUW�VKRUWµ�KLJK�LQWHQVLYH�
multi-steps (3 o 5 steps / series) and so-called depth 
MXPSV��´%R[�MXPSVµ��VHH�SDJH�����
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Period I Period III

Peak

Period II

  1) Processed from Grosser/Ehlenz/Zimmermann 1991, 131-134 
 2) Processed from Bill Freeman 1989, 39-46

 3) Muscle-cross section increase. For speed and jumping ability applies 
  primarily to increase the relative strength. Therefore, the general training, 
  which of course usually consists of more reps and sets, is made with good 
  judgment by the coaches and the active for only moderate or slight hypertrophy. 
  Maximum-  and speed strength are improved mainly by improved NmC. 

Period IV

Fig. 52 2)�� 7UDLQLQJ�YROXPH: 
 ,QWHQVLW\� 
 6KDSH��SHUIRU��
� PDQFH��

Fig. 53 %R[�MXPSV�ZLWK�KLJK�LQWHQVLW\��

0$;,0$/�675(1*7+��06�

          5HDFWLYH�VWUHQJWK��56�
�

63(('�675(1*7+��66��DOW�

 Anatomic adaption  
� � �$D��
� �+\SHUWURSK\��3

�0K�����66�

1HUYH�PXVFOH
�´,QWUD�,QWHU�
PXVFOHµ�

Coordination
��1P&��

    SS   +   NMC    +   RS

�������������������� ������������� ����������������

� ���YHHNV ����������Y�  3v.

General 
preparation
Period I

6SHFLÀF
preparation
Period II 

Competition�
preparation 
Period III 

   Performance
peak

Period IV

�������Y�

Fig. 51 1)�3HULRG�VFKHPD��KDOI�\HDU�SHULRG



 

Performance peak, period IV (6-12 veckor):

 During this period, the aim is only to maintain muscle  
 strength, why the volume of weight training is reduced  
� WR�ORZ�OHYHOV��$W�´SHUIRUPDQFH�SHDNLQJµ�WKH�YROXPH�LV��
 usually increased two weeks before important compe-
 tition, while during the last week the intensity in-
 creases and the volume is reduced.
 The intensity is high throughout the period. 

Transitional period��VHH�ÀJ�����RFK���� 
The purpose of this period, is mental and physical recov 
ery, which is achieved through:
´� ´$FWLYH�UHVWµ�ZLWK�HDVLHU�JHQHUDO�GHYHORSPHQW�DFWLYLWLHV���
 like jogging, swimming, other sports 
 Eventual medical therapy
 Very small volume of training. Performance
 should not fall too much. As basic of later training,  
� \RX�FDQ��HYHQ�LQFUHDVH�JHQHUDO�ÀWQHVV�VRPHWKLQJ��

Examples of full-year (single) periodization.
Other terminology: Macro- Meso- Micro Cycles.
Figures 54 and 55 shows an example of a full year schedule,
D��´0DFURF\FOHµ�IRU�D�ZKROH�\HDU�ZKHUH�WKH�IRFXV�LV�SULPD�
ULO\�RQ�RXWGRRU�VHDVRQ��,Q�D�´PHVRF\FOHµ�RI�HJ�WKUHH�ZHHNV��
   could one or two competitions be put in . 
   Example: The programs on pages 66, 76.  
� � � FRQVLVWLQJ�RI�´0LFURF\FOHVµ�
   (usually weeks) with training days with 
   varied training volume (See (page 27 
   about pulsation).

1)Processed fr. Grosser/Ehlenz/Zimmerman 1991, 131-134

Period planning for elite.
For elite athletes, that can handle larger volumes of training 
applies all the planning principles we talked about earlier 
EXW�ZLWK�RQH�VLJQLÀFDQW�FKDQJH��VHH�)LJXUH������,QVWHDG�RI�
a slow increase in the volumes of training, the training start 
with a large volume, which then gradually is reduced while 
the intensity increases up to performance peaking.

Fig. 56 (Processed fr. B. Freeman 1989, 48)
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Intensity

Training volume

Performance

63(('�675(1*7+��66��
alt.

�&LUFXLW�
 training

General
ÀWQHVV

GENERAL
STRENGTH

�$D� ����1P&��

  
SS + NMC + RS

������������� ������ ������������������������

11v 15v6v4v

 General
 preparation
 Period I

Transi�
tional 
period

� 6SHFLÀF�
 preparation
 Period II 

Spec.
prep.
P III

Performance
peak

Period IV

 5v  11veeks Fig. 54  3HULRG�6FKHGXOH��IXOO�\HDU 
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Anatomic 
adaptation         

1HUYH�PXVFOH
Coordination

Fig. 55 (Processed fr. B. Freeman 1989, 48) 
7UDLQLQJ�YROXPH: 
,QWHQVLW\� 
6KDSH��SHUIRU��
PDQFH��



Maximum strength

1) Tudor Bompa
2) Processed from Grosser/Starischka/Zimmermann/Zintl. 1993, 62, 64.

30

Method 1 

Load Rep.  Pause  Set  Tempo 
Fastest
possible

�����H[HUFLVH
�����|YQ�
 / muscle 
� �JURXS�

���PLQ
Gladly
longer

������������RI
RM

Performance:
Rapid movement gearchanges  (“Pump” Eccen-
tric-concentric continuous
work until easy fatigue (“ATP-discharge”)

a b

Fig. 57 +RZ�FRPSUHKHQVLYH�VKRXOG�D�VSULQWHU�WUDLQ�PXVFOHV"

*) The anaerobic alaktacida phase

In the latest section, we planned strength training into periods, 
among other things, with an overview plan. If the ambition 
LV�LPSURYHG�VSHHG�DQG�UHDFWLYH�VWUHQJWK�DQG�ÀQDOO\�VSHHG�
the basic concept is usually to improve maximum strength. 
(DFK�\HDU�VKRXOG�WKHQ�EH�VWDUWHG�ZLWK�D�IHZ�ZHHNV�RI�´DQD-
tomical adaptation” with some limited hypertrophy for later 
KHDYLHU�ORDGV�GXULQJ�VSHFLÀF�SUHSDULQJ�SHULRGV��,WV�YROXPH�
and choice of training method should be carefully considered 
LQGLYLGXDOO\��ÀJ�����DQG�IRU�VSULQW���MXPSV�LQ�SDUWLFXODU�LV�
minimized to promote the relative strength (see page 20).

Here we shall now describe three methods, of which the 
ÀUVW��PHWKRG����LV�SDUWLFXODUO\�XVHIXO�GXULQJ�WKH�LQLWLDWLRQ�
phase of adolescence. Then the method is used whith the 
body, as the only load or with light weights (40-60% of 
RM) and are known as the gymnastic for strength or circuit 
training. It is used often by the elite sprinters, with both 
JHQHUDO�DQG�VSHFLÀF�H[HUFLVHV�

$QDWRPLF�DGDSWDWLRQ��$D��1 period I
In period 1 (see Figure 51 and 52) you can train
 with lighter loads (40-60% / 15-25rep/set) by method 1 
(see table). It is important to use a long rest between each 
set (3-5min) so that the exercises can be carried out with 
high intensity and work for developing speed. This can be 
achieved if the training is carried out with so-called circuit 
training. Then one goes from exercise to exercise until 2-3 
laps are completed.

(IÀFLHQF\�RI�WKH�WUDLQLQJ�2

  Some limited muscle hypertrophy with  improved maxi-  
  mum strength, but also improved speed strength 
  endurance.     

  By relatively fast performance and large number of  
� �UHSV��SULPDULO\�IDVW�)7$�ÀEHUV�ZLWK�HQGXUDQFH�VKRXOG�EH��
  trained

The method provides a good basis for improved force 
development in stretch-shortening phase with the stretch 
UHÁH[�DQG�WKH�HODVWLF�SURSHUWLHV��7HQGRQV�DQG�DWWDFK-
ments of the muscle becomes stronger, which means 
that inhibitory impulses of Golgi tendon organ are de-
layed (page 15) which means even more  opportunity to 
develop force.

Improves the so-called start force (explosive start of 
muscle contraction).

Improves the speed of contraction .  



)RU�VSULQWHUV��HTXLSSHG�ZLWK���VD\��������VORZ�67�ÀEHUV��WKH�YROXPH�JURZWK�
of these (training effect of method II) ought to be a clear disadvantage. ST 
ÀEHUV�PD\�WKHQ�JLYH�WRR�PXFK�ERG\�PDVV��ZKLFK�DGYHUVHO\�DIIHFWV�DFFHOHUD-
WLRQ�FDSDELOLW\��SDJH������(TXLSSHG�ZLWK�YHU\�IHZ��SHUKDSV������67�ÀEHUV��
common among elite sprinters, this perhaps has less useful because of the fast 
)7�ÀEHU�SUHGRPLQDQFH�
Another name: Intramuscular coordination (Ik method)
Training Examples.: 4 x 5reps /80-85% (See page 43, Fig. 93 Carl Lewis)

1) Processed from Grosser/ Starischka/Zimmermann/Zintl. 1993, 61-62
2)   - ” -         - ” -       - ” -          - ” -       - ” -        ,.1993, 64-65

*)

31

1P&�0HWRG�
 

Belastning Rep. Pause         Set            Tempo 

$FFHOHUD�
ting with
explosive
force

� ���
One exercise     
 / muscle 
 group

���PLQ
Gladly
longer

Performance:
80-90%  ”Accelerating” with  explosive maximal
  force effort. Concentric muscular work** .
Variant: Maximum “Explosive” kraftinsats.
 Lower weights, 70-80% allowing higher  
 moving speed and 2-3 extra reps. 
 Concentrically - Eccentric. 

An alternative is to train with concentration on a perfect 
�´FRQWUROOHGµ��SHUIRUPDQFH�ZLWK�IXOO�UDQJH�RI�PRWLRQ�DFFRUG-
ing to method II (The bodybuildings method). Normally this 
method is used by bodybuilders with a slow moving speed. At 
training for speed the method is used with concentration on 
acceleration during the concentric phase. 1)

(IÀFLHQF\�RI�WKH�WUDLQLQJ��

Since the development of power is lower (see speed 
strength, page 32) with a slower motion performance and 
increase of muscle volume become too large (possibly 
worse relative strength, see page 20), one can be critical 
to the method. Individually, the method  may yet function 
perfectly well *). A key advantage is that it also allows 
WUDLQLQJ�RI�WKH�IDVWHVW�)7;�ÀEHUV��$�FRQGLWLRQ�IRU�WKLV�LV�
heavier weights and fewer repetitions. (8-6 rep/set). 

  With slow performance at heavy weight loads fast  
� �)7�ÀEHUV�DUH�WUDLQHG���EXW�DOVR�VORZ�67�ÀEHUV��


1HUYH���PXVFOH�FRRUGLQDWLRQ��SHULRG�,,�
Maximum strength is also largely dependent on the nerve-
muscle coordination NmC(see page 16).This strength factor 
is  trained with fewer reps and heavier weights. In the plan-
ning period II, we write NmC method** to create maximum 
VWUHQJWK��1P&�LV�DOVR�UHTXLUHG�IRU�´H[SORVLYHµ�IRUFH��VHH�SDJH�
24). In a variant of the exercise includes 2-3 extra reps*** 
with somewhat higher moving speed (see Table). No use of a 
slow eccentric phase, but rather focus on a rapid shift between 
the eccentric and the explosive concentric phase. We can call 
the method 1P&�µ([SORVLYHµ (auther). 2)

(IÀFLHQF\�RI�WKH�WUDLQLQJ�

,QVLJQLÀFDQW�LQFUHDVH�LQ�PXVFOH�YROXPH�GXH�WR�WKH
explosive performance = short tension time. For increased 
muscle growth, prolonged tension with such as increased 
number of reps., heavier weights, which leads indirectly to 
slower movements, eccentric periods etc.

Improves nerve-muscle coordination and thus maximum 
force. This coupled with the moderate increase in muscle 
volume means improved relative strength = better acce-
leration capability (page 20). The Strength training 
method is popular with sprinters and jumpers.

Improves the start strength why indirect the  speed strength
is improved. (se sid 24 och 32) 

Method II   

�%HODVWQLQJ��� 5HS�� 3DXVH� 6HW� � 7HPSR�
Slowly
to
fast 

�����H[HUFLVH
�����|YQ�
mucle 
JURXS��

��������� ����������������
 

Performance 
“Controlled” performance, during the eccentric 
phase followed by an acceleration during con-
centric phase.

�������������
alt. 
������

����**
alt. 
����




**)
***)



We are now studying force-velocity diagram (Fig. 58), 
which also contains muscle power development. We were
agreed that this was what ultimately decided speed perfor-
mance in a speed demanding sport  (page 19).The diagram 
shows that the power is greatest at about 30-35% of maxi-
mum load. However, this is in a single muscle. In practice, it 
LV�DERXW�PXVFOH�JURXSV�LQ�DFWLRQ�DQG�WKH�EHVW�NLQG�RI�´SRZHU�
training”, it is calculated to 55-60% of maximum load.

Competition preperation, period III
After training maximum strength Nk method of 3-5 weeks 
we will start competition preperation in period III with 
speed strength training. Then we usually use the so-called 
Muscle Power method 1). 
7UDLQLQJ�HIÀFLHQF\�

,PSURYHV��,I�WKH�H[HUFLVHV�DUH�GRQH�EUDQFK�VSHFLÀF�
the coordination of the current sport.

Improves maximal power.

,PSURYHV�WKH�DFWLYDWLRQ��SDJH�����RI�)7�ÀEHUV�
 
Improves nerve-muscle coordination by
increasing the frequency of nerve impulses to muscles,
ZKLFK�PHDQV�PRUH�´H[SORVLYHµ�VWUHQJWK�   
    

 Improves the speed of contraction for both the slow
�� 67���DV�IDVW�)7�ÀEHUV�

$QRWKHU�WUDLQLQJ�PHWKRG��LGHDO�IRU�EUDQFK�VSHFLÀF
training because of the light load, is called
simply speed strength method . 7UDLQLQJ�HIÀFLHQF\� 1)  
 
� 6DPH�WUDLQLQJ�HIÀFLHQF\�DV�DERYH��7KH�VSHHG�VWUHQJWK��
� PHWKRG�LV�HVSHFLDOO\�VXLWHG�IRU�EUDQFK�VSHFLÀF�H[HUFL�
 ses and therefore it has directly impact on the sport. 
 
 7KH�PHWKRG��ZKLFK�LV�SHUIRUPHG�´ERXQFLQJµ�ZLWK�� �
 light weight loads, corresponds to plyometric training 
 The principle of that method is described in next chapter. 

([DPSOHV�RI�VSHFLÀF�WUDLQLQJ�
The olympics - powercleans have shown to be an effective
VSHFLÀF�WUDLQLQJ�IRU�VSULQW�VSHHG��7R�JHW�HYHQ�FORVHU
to a real sprint stride and also use the pelvic side’s muscle-
group (see page 38, exercise 15) a special machine*) 
so called Powersprint�����ÀJ������KDV�EHHQ�FRQVWUXFWHG�E\�
the author. See also p. 23, 57-60, 66 and 76

1)Processed from Grosser/Starischka/Zimmermann/Zint 1993, 68

*) In the 1990s sprinter coach Håkan Andersson in Sundsvall, tried a prototype of the machine primarily intended to develop the hamstrings and gluteus explosive 
IRUFH�LQ�KLS�H[WHQVLRQ��EXW�ZLWK�OHVV�IRFXV�RQ�VSHFLÀF�VSULQW�WHFKQLTXH��7KH�UHVXOW�RI�WKLV�H[HUFLVH�ZDV�SRVLWLYH�IRU�6ZHGHQ·V�WKHQ�EHVW�VSULQWHUV�3HWHU�

 Karlsson and Torbjörn Eriksson. Maybe marginally so yet certain contributory factor to an indoor European Championship bronze in 60m or 200m. In the 2000s 
the swedish soccer player Christian Hemberg built up his speed with the machine. Several coaches have responded very positive to this equipment idea. For ex-
ample Tom Tellez (the author got a talk with him in Houston 1999) and Leif Dahlberg, coach for the swedish 8m longjumper Mattias Sunneborn,
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Fig. 59�6SHFLÀF�� �
� H[HUFLVHV�IRU��
� VSHHG�UXQQLQJ Powersprint Powercleans

 Speed strength

Speed strength method
 Train the explosive ballistic  
� �µERXQFLQJµ��VSHHG�VWUHQJWK��

Load Rep. Pause Set Tempo 
 Explosive

fast 
�����
exercise

���PLQ� ���� �������

Performance:
Explosive, fast and ballistic ie. 
“bouncing” up the load.
Concentric muscular work.

Muscle Power method 
 Train the ability to
� GHYHORS�SRZHU��VHH�SDJH����

Load Rep. Pause Set Tempo 
Fastest
possible with
������

� 
load

�����
exercise

���PLQ� ����� ������

Performance:

Explosive acceleration by 55-60% **)
load.

Fig. 58 )RUFH�YHORFLW\�GLDJUDP�ZLWK��GHYHORSPHQW�RI��
� WKH�PXVFOH�SRZHU

 Muscle force

 Power

  Contraction velocity

®



*) We usually separates on short- and long multi-jumps 

 Reactive strength
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Fig 62a  ´%R[�MXPSV·��IDYRULWH�H[HUFLVH�IRU�&DUO�/HZLV�DQG�RWKHUV
� 8�6��VSULQWHUV�

Fig 61 � 7KH�ÀJXUH�VKRZV�WKH�VR�FDOOHG�´2QH�OHJ��
� MXPSµ��2QH�FDQ�MXPS�HJ�VROHO\�RQ�OHIW�OHJ��
� L�RQH�VHULH��QH[W�RQ�ULJKW�OHJ�DQG�VR�RQ��
� 2WKHU�XVXDO�ZD\V�WR�MXPS���
� � ��OHIW�ULJKW�OHIW�ULJKW�
� � ��OHIW�OHIW�ULJKW�OHIW�OHIW�ULJKW��� �
� � ��ULJKW�ULJKW�OHIW�OHIW�ULJKW�ULJKW

1) Modif Grosser/Starischka/Zimmermann/Zintl 1993, 70

Fig. 60 )RUFH�YHORFLW\�GLDJUDP�ZLWK��PXVFOH�SRZHU�GH��
� YHORSPHQW�RFK�HODVWLF�DGGLWLRQDO�IRUFH�

 Muscleforce

Additional
force

  Power

  Contraction velocity

0XOWL�VWHS�MXPSV�
for 
reactive strength training

Load Rep. Pause Set Tempo
Maximal
velocity

������
H[HUFLVH

�

����PLQ“Short”: 
3,5,10

“Long”:
12, 15

%RG\�
weight or 
�����

weightload

Performance:
 Maximum or near maximum. force ac- 
 tion on preferably as so short time as 
 the 200ms. Example: 5-step jump with 
 six strides in the approach, see Fig 61

 Eccentric-concentric muscle work.

Fig 62b  ´$QNOH�MXPSVµ��ORZ�TXLFN�MXPSLQJ�LQ�]LJ]DJ�RYHU�D
� OLQH�RU�D�ORZ�EHQFK�

See pages 12 and 15. Here was treated on the one hand mus-
cle’s elastic characteristic, on the other hand the so-called 
VWUHWFK�UHÁH[��7KHVH�FDQ�LQ�FRQMXQFWLRQ�FRQWULEXWH��ZLWK�D�
KHIW\�DGGLWLRQDO�IRUFH��ÀJ������ZKLFK�IRU�VSHHG�GHPDQGLQJ�
sports can be of crucial importance for the performance. It’s 
about force development, such as in a jump, during very 
short time (<250ms).

The ability to develop this force, which we called reactive 
or plyometric�DELOLW\��FDQ�EH�VLJQLÀFDQWO\�LPSURYHG�ZLWK�
methodical reactive strength training. Figure 61,  62a and 
62b gives examples of some of the usual forms of so-called 
mul-ti-step jumps. The corresponding reactiv ability in the 
upper part of the body can be trained, such as with medicine ball.

7UDLQLQJ�HIÀFLHQF\�:1)

� 3URYLGHV�VSHFLÀF�VWUHQJWK�IRU�MXPSLQJ�DELOLW\�DQG�O|S-
snabbhet.

�� )DVW�)7�ÀEHUV�DUH�HQJDJHG

 Strengthens tendons and muscle attachments (pages 15 
and 30) 

 Jump training in uphills with many
 repetitions and short breaks are an excellent
� VSHFLÀF�WUDLQLQJ�IRU�PDQ\�VSRUWV��,W�LPSURYHV�
 among other things, speed endurance.



34

Fig. 63 6WHS�XS

Fig. 65 2QH�OHJ�VTXDW

 Strength exercise storage

���

 1

���

���

 3

���
(4)

Fig. 64 �D�6TXDW���E�/HJSUHVV��O\LQJ�

��� ���

(4)

 2a

 2b

Here is now a storage with examples of strength exer-
cises to be used with different focus - general preparing, 

created with the help of our exercise store. You can be 
yourself using this to compose a personalized program. 
Muscle or muscle group is marked in Fig. An overview 
WDEOH�RI�ÀJXUHV��SDJH�����DQG�DSSHQGLFHV�ZLWK�VRIWZDUH�
JLYLQJ�XV��ÀQDOO\��DQ�RYHUDOO�SLFWXUH�RI�WKH�PDWHULDO��6HH�
DOVR�ÀJ����DQG�����VLG���

Exercise, muscles and performance:

1. Step-up. Speed Strength (SS)- exercise. 
� *HQHUDO�RU�SRVVLEO\�ZLWK�VRPH�VSHFLÀF�UHVXOW�
 Gluteus maximus (6) 
 Quadriceps femoris (3) 
   Hamstring (4)  
 
 Step-up onto a stable bench with barbell on the 
 upper back and shoulders (knee angle approximately 90 °). 

Concentrating on a perfect hip extension. See Technology 
section, p. 46.

2a Squat. General (Aa)-, (SS)- and   
Nerve-muscle coordination (NmC)- exercise.

 Gluteus maximus (6)  
 Quadriceps femoris (3) 
 Hamstring (4) 
 
 Stand with approximately shoulder width between your feet. 

Hold the babell as exercise 1. Look straight-ahead. Lower-
ing down until the thighs are almost parallel to the ground, 
rise up with full control, with your back straight. The knees 
and thighs should always be targeted in line with their feet 
ie. easy parallel or slightly outwards.

2b Legpress. Lying in legpress mashine. It’s an effective 
EXW�PDLQO\�´VDIHµ�H[HUFLVH��IRU�VHDW��DQG�WKH�DQWHULRU�
thigh muscles. See also page 77.

3. One leg squat. 
� *HQHUDO�RU�SRVVLEO\�ZLWK�VRPH�VSHFLÀF�UHVXOW
 Gluteus maximus (6) 
 Quadriceps femoris (3) 
 Hamstring (4) 

 Stand with one foot most a pair foot lengths in front of 
theother. Lower your body vertically and up-rise like regular 
squats (Exercise 2), but emphasize especially the hip exten-
sion, as the pushing action in jumping and running. Use 
dumbbells or barbell. .

trfaining program for speed on pages. 43-44 have beetraining program for speed on pages 42-43 have been

ÚHJHQHUDWLQJµLQMXU\SUHYHQWLYHVWUHQJWKHQGXUDQFHRU
VSHHGDQGVRRQ7ZRÀUVWVLPSOHH[DPSOHRIWKHVWUHQJWK
injury prevention, variations to break training routines,
speed and so on. Two fifirst simple example of the strength 



4. �µ3RZHU�FOHDQµ��D�F�. Power clean from knee*).      
  (NmC)- or SS-exercise. General or possibly with some  
� VSHFLÀF�HIIHFW�IRU�UXQQLQJ�VSHHG�**)

     
           
 

 

5.  µ/HJH[WHQVLRQµ��Sitting knee extension. The exercise
� ´,VRODWHVµ�DQG�HIÀFLHQW�EXLOGV�WKH�PXVFOHV�RQ�IURQW�WKLJK��
  General exercise     

   

  

6.   2QH�OHJ�VTXDWV�´+DFN�/LIWµZLWK�3RZHUVSULQW�PDFKLQH��
  Squats straight upright torso. May complement exercise 5.  
� �&RUUHVSRQGV�H[HUFLVH�FDOOHG��´)URQW�VTXDWVµ�ZLWK�EDUEHOO��
  General exercise.


��8VXDOO\�ZH�SUDFWLFH�FOHDQ��ZLWK�EDUEHOO��IURP�WKH�ÁRRU��<RX�WKHQ�JHW�
D�´WRWDO�H[HUFLVHµ��ZKLFK�LQFOXGHV�WKH�VWDUW�PRPHQW�RI�WKH�VTXDW��VHH�
exercise 2, p. 34).



��$�YDULDWLRQ�RI�WKH�SRZHU�FOHDQ�FDQ�EH�WUDLQLQJ�´3RZHUVSULQWµ��VHH�S��
23, 58-59 och 74-77).You could perform the same extension of foot, 
knee  and hip joint, but also with an additional force in the form of 
H[WHQVLRQ�RI�WKH�KLS�VLGH��<RX�FDQ�WKHQ�DOVR�SHUIRUP�WKH�´VPRRWKµ�SHQ-
dulum swings in the hip side (the hip, see also page 38 övn14 and 15). 
You can create a feeling of a perfekt sprint stride, a start-up accelera-
tion or a jump.
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Fig. 66b 3RZHU�FOHDQ�IURP�ÁRRU�

Gluteus maximus (6)   
Quadriceps femoris (3) 
Hamstring (4)  
Gastrocnemius(1a) 
Soleus (1b) 
Trapezius (17) 
Latissimus dorsi(18) 
Deltoideus (16) 

Stand with hip distance between feet and with the toes 
pointing straight ahead. Gaze directed straight ahead. 
Straight back. Keep the barbell hanging with straight arms    
and back conducted shoulders. Bend your upper body for-
ward until the bar is almost just above the knee (a). From 
WKLV�SRVLWLRQ�UDLVH�WKH�XSSHU�ERG\�DQG�´MXPSµ�LH��H[WHQG�WKH�
KLS�DQG�DQNOH�MRLQW�´H[SORVLYHµ��E���2QO\�ZKHQ�WKH�XSSHU�
ERG\�LV�UDLVHG�EHJLQV�WKH�´DUP�SXOOµ��ZKLFK�FRQFOXGHV�ZLWK�
that the barbell is caught up on the shoulders with a light 
knee bending (c). In a completed lift the elbows will be 
pointing forward. 

Quadriceps femoris (3) 
Sit so that the edge of the bench is in the knee fold. The 
pad should be pressed against the lower leg near the ankle. 
Kick forward so that the knee joint is extended.

Fig. 66µ3RZHU�FOHDQµ

���

���

��E
��D�

����

 4

���

cba

����

����

Fig. 67 µ/HJH[WHQVLRQµ����

���

 5

Fig. 68�2QH�OHJ�TXDWV�´+DFNOLIWµ��ZLWK�D�SRZHUPDFKLQH�

Quadriceps femoris (3)  
Here a proposal (Author.) To perform the exercise us-
ing a power sprint machine. 3UHVV�JOXWHXV�DJDLQVW�´EDFN�
plate”och extend knee joint from start with 90°knee angel 
while the upper body is raised backwards upwards to per-
fectly straight posture.

 6

2QHOHJTXDWV
+́DFNOLIWµ

2you need a sort of selfmade soft padded support against the backQHOHJTXDWV
+́DFNOLIWµ

(You need a selfmade padded support against the back)

2QHOHJTXDWV
+́DFNOLIWµ

2you need a sort of selfmade soft padded support against the backQHOHJTXDWV
+́DFNOLIWµ

(You need a selfmade padded support against the back)



7a.�µ6LW�XSVµ.  General exercise which must never be 
neglected. Well-developed abdominal muscles in 
cooperation with strong back muscles is the precon-
dition for stable posture of the trunk. In all possible 
sporting moments these muscles are performing a 
powerful elastist supportive work, protecting his 
back to overload and contributes to better tech-
niques. Variations:

7b. Twisting sit-ups 

7c. 6LW�XSV��´FRXSOHGµ� Abdominal muscle exer-
FLVHV��ZKLFK�DOVR�HIIHFWLYHO\�WUDLQ�WKH�KLS�ÁH[RU��
m.iliopsoas (see also exercise 15)

8. Bench press. Perhaps the most important general 
 exercise for the upper body. Suitable for all the type 

of strength trainings that we use (Mh, NMC, SS), *)
   

   

9a. Lats, narrowly grip�VSHFLÀF�WR�DUPSHQGOLQJ�EDFN-
ward in running / sprint.

 Trapezius (17) 
 Latissimus dorsi (18) 
 Biceps brachii (11) 
 
 Grasp the bar in a tensile machine with upwards stretched 

arms and the hands with your palm facing backward. Pull 
vertically downward with your elbows tight in to the side 
of the body. Concentrating on the back muscles. These 
muscles can also be trained with nedanst. exercise options.

9b. Lats, wide grip with your palms facing forwards
�F��´&KLQV�XSµ��6HH�ÀJ�����F��
9d. Dumbbell rowing 
9e. Dumbbell rowing in a haul machine. 

9c

Rectus abdominis (8) 
Obliquus externus abdominis (9) 
Obliquus internus abdominis 

/LH�RQ�WKH�EHQFK�RU�ÁRRU�ZLWK�KLS�ÁH[RUV�XQORDGHG�E\�
highly placed legs with knees bent.  Attempts press the 
lower ribs of the chest against the hip. Let the whole time 
the lower lumbar rest against the surface.

Pectoralis major (15) 
Triceps brachii (12)  
Deltoideus (16) 

Lie down with the seat and the whole back in contact with 
WKH�EHQFK��7KH�IHHW�DUH�SODFHG�ÁDW�RQ�WKH�ÁRRU�EHKLQG�
the knees. Grasp the bar with a grip slightly wider than 
shoulder-width. Note: Here is room for variety. The bar 
is lowered after a deep breath to the chest to a position 
just below the pectoralis. After a second’s pause the bar is 
pushed up on straight arms.
7UDLQLQJ�ZLWK�VNLYVWnQJ�VKRXOG�DOZD\V�EH�FDUULHG�RXW�ZLWK�
DVVLVWDQW�DW�YHU\�KHDY\�OLIW��7KHQ�,W·V��DOVR�SRVVLEOH�WR�WUDLQ�
ZLWK�´RYHUORDGµ������������VHH�PD[LPDO�VWUHQJWK�SDJH�
�����RQ�WKH�HFFHQWULF�SKDVH�
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Fig. 69 �D�6LW�XSV���E�6LW�XSV��WZLVWLQJ����F�6LW�XSV��FRXSOHG��

Perform the rowing as shown seated, with a straight back
and bent knees

����

����

����
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Fig. 70 %HQFK�SUHVV

 9a

����

����

9e

9d

Fig. 71 �D�/DWV��QDUURZO\�JULS���F�&KLQV�XS���G�'XPEHOO�
� URZLQJ���H�'XPEEHOO�URZLQJ�LQ�D�KDXO�PDFKLQH� 
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7c

9c

7b

7a



10a.Back raise. General exercise for back muscles. 
Should always be included in the training. It’s also im-
portant to prevent injuries .

11. Hamstring raise. Lying trunk raise where also poste-
rior thigh and calf muscles are performing a static and 
/ or dynamic work. When also gluteus (6) is activated, 
the exercise often is called the GHG (Gluteus / Ham-
string / Gactrocnemius). As Muscle hypertrofy train-
LQJ�RI�IDVW�PXVFOH�ÀEHUV�DFFRUGLQJ�WR�PHWKRG����VHH�
page 30), this is an excellent choice as weight training 
H[HUFLVH�IRU�VSHHG��([HUFLVH�ZLWK�VRPH�VSHFLÀF�HIIHFW�

   

 Hamstring can better be trained with the exercise:
11b Stiff legged deadlifts (small picture) 
11c One-leg Romain Deadlift (RDL) with Powersprint
 �6HH�PRUH�SDJH����DQG�ÀJ����E�

12. Calf raises. General exercise for calf muscles. Should 
not be trained too much, then the risk of a sort of 
periostitis could occur if the calf muscle increases in 
volume too soon. Calf muscles can also be trained in 
PRUH�VSHFLÀF�H[HUFLVHV��SRZHU�FOHDQV��*+*��HWF���

Gluteus maximus (6)  
Erector spinae (10) 
Anchor your feet well and lie on the special support pad 
so that the trunk can move freely in the hip. Keep your 
back straight and lower the torso just right, just prior to 
the vertical position. Raise back to the horizontal, not 
higher. Increase the load with dumbbell or barbell, which 
can be placed on the shoulders and upper back (trapezius). 
2QH�FDQ�ZRUN�TXLFNO\��EXW�VKRXOG�WKHQ�FDUU\�RXW�´VRIWµ�
and controlled movements of constant speed for a better 
training effect and to avoid injury. Variation: Roll up your 
back slowly vertebra to vertebra. 

Gluteus maximus (6)  
Hamstring (4)  
Gastrocnemius (1a) 
Place the body so that the front thigh muscles may rest 
against the curved support pad. Anchor the feet so that the 
feet pressed against a support (base plate). Knees must be 
located just above the lower padded edge of the support 
pad. With bent knee pendulate torso up and down. Concen-
tration on the gluteus, but also hamstring and calf muscle.

Gastrocnemius (1a) 
Soleus (1b)
Stand with only the front ball of the foot  on the base 
SODWH�DQG�ÀQG�D�EDODQFH�ZLWK�D�VWUDLJKW�ERG\��,PPHUVH�
deeply enough so that the strength in the calf can be fully 
exploited (see page 17). Raise up high on the toe. If we 
choose to work quickly under method I (p. 30), this works 
excellent. Quick short movements in even pace. 
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Fig. 72 %DFN�UDLVH�

Fig. 74 Calf raises���3ODQWDU�ÁH[LRQ�

12

10a ���
����

Fig. 73 +DPVWULQJ�UDLVH����E��6WLͿ�OHJJHG�GHDGOLIWV�
� ��F�2QH�OHJ�5RPDLQ�'HDGOLIW��5'/��PHG�3RZHUVSULQW

11
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11b 11c
I

II

��� 13

Fig. 80 'RUVDO�ÁH[LRQ
Tibialis anterior (2)  

13.'RUVDOÁH[LRQ
.  The exercise is general and protects 
DJDLQVW�FHUWDLQ�IRUPV�RI��LQÁDPPDWLRQ�RI�WKH�SHULRV-

��D�
��E�
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Fig. 75 &DEOH�NLFNV�EDFNZDUGV

Fig. 76 &DEOH�NLFNV�RXWZDUG

Fig. 77
� )RUZDUG�NLFN�ZLWK�VWUDLJWK�OHJ���

13. Cable kicks backwards.  Could be a good alternative  
 instead of hamstring raise (see exercise 11).

14a.Cable kicks outward. General exercise for    
  the muscles, which pull the leg outward. These 
  muscles make the important pendulum movement 
  in the pelvis at walking and running possible.2)3)  

     

14B.A variant, as a general exercise, is kick inward.  
 

16. Forward kick with straight leg. Exercises for jump
 and sprint. Note in Figure 77 how the pelvic side (Hip) 

LV�OLIWHG�XS�LQ�DQ�´RYDOµ�VKDSHG�PRWLRQ��,W�LV�WKH�VDPH�
´OLIWLQJµ�PRYHPHQW��ZKLFK�LQ�|YQLQJ���EXW�ZLWK�

 a simultaneous movement framåt.1) 

Gluteus maximus (6)        
Hamstring (4)  
Gastrocnemius (1a)  
,Q�D�FDEOH�PDFKLQH��´NLFNµ�WKH�IRRW�EDFNZDUG�ZLWK�D�
´ORFNHG��VOLJKWO\�EHQW�NQHH��,PSRUWDQW�WR�VWDQG�ZLWK�VXS-
port for good balance. The upper body should be kept 
À[HG�DQG�WKH�FRQFHQWUDWLRQ�IRFXVHG�RQ�WKH�JOXWHXV�DQG�
hamstring. At fast work (method 1, page 30), hold steady 
pace and avoid jerky movements

Gluteus medius (6a)  
Gluteus minimus (6b)  
Tensor fasciae latae (7a)       

The same instruction as in above exercise 13,
but now the leg is pulled outwards to the side.

adductors        

 Rectus femoris (3a) 
 Gluteus maximus (6) 
 Gluteus medius (6a) 
 Gluteus minimus (6b) 
 Iliopsoas (7b)  
 Tensor fasciae latae (7a) 

The same instructions apply as to above exercise 13 and 14 
but now the leg kick forward during simultaneous stretch-
ing of the pelvic side. One must from a sleep mode with hip 
immersed, extend the pelvis side so that the hips (a point on 
the front of hip) reaches far forward.1) 
�  

1) This pendulum motion of the hip is of central importance to sprint and jump. 
  An exercise for this is forward kick with straight legs (exercise 16). The author 

got this exercise described by John Smith (the coach of many of the U.S. `s 
Olympic stars) during the visit of California at Los Angelos in the U.S. 1989th. 
7KH�H[HUFLVH�ZDV�RI�VLJQLÀFDQW�LPSRUWDQFH�IRU�8&/$�VSULQWHU·V�VWUHQJWK�WUDLQLQJ�
according to John Smith. 


��([DFWO\�WKH�PRYHPHQW�WKDW�ÀJ����LV�VKRZLQJ�LV�WKH�VHFUHW�WR�PRGHUQ�KRS�VWHS�
and-jump technology (also in the long jump take-off). This was the opinion of 
9DOHUL�%XQLQ��D�5XVVLDQ�WUDLQHG�´JXUXµ��7KH�PDQ�EHKLQG�IRXU��P�ORQJ�MXPSHUV�
and fourteen triple jumpers, which all reached a jumps longer than 17:40m. Valeri 
Bunin has told this to the author.
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Gluteus maximus (6)  
Gluteus medius (6a)   
Hamstring (4)
Adduktor magnus (5)   
Quadriceps (3)  
Tensor fasciae latae (7a) ��ÀJ����3)4)
Gastrocnemius (1a)  
 Soleus (1b)  
The leg seems, mainly with help of hamstring, as a driving 
HODVWLF��´ULJLGµ��URG�ZKHUH�WKH�TXDGULFHSV��JOXWHXV�DQG�FDOI�
muscles in the front support phase has a dampening effekt on 
the high vertical reactive force at touchdown. More detailed 
description see pages 45, 47 50, 54,  58-59.

17a. Powersprint (Author). Exercise for sprint model ATP 
PRGH��´/RQJ�URWDWLRQ�LQ�WKH�KLS�MRLQWµ���6HH�S������������

 You train horizontally force development using hip exten-
VRUV��EXW�DOVR�WKH�HODVWLF�OHJ�´VWLIIQHVV” .

Fig. 78a Powersprint� 6SHFLÀF�WUDLQLQJ�IRU�PD[�SKDVH�VSULQW�
� PRGHO��$37�PRGH��´/RQJ�URWDWLRQ�LQ�WKH�KLS�MRLQWµ��

 17a
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17b. Powersprint (Author). Exercise for Maxfas sprinter mod-
HO�337�$37�PRGH�´6KRUW�DOW��ORQJ�URWDWLRQ�LQ�WKH�KLS�´�$OVR�
particularly suitable exercise for quadriceps dominant sprint 
model with very isometric muscle work performed by ham-
string. (See also the technology description on page 45, 47, 
50, 54, 58 and 59)
Erector spinae (10)  
Psoas major (19a)
Iliacus (19b) 
Iliopsoas (19))  
Erector spinae and the strong iliopsoas of the free swing leg   
with their branches (19a, b) in front of the hip joint is tilting 
Pelvis, as an additional lever forward toward ATP-mode (page 
50), in interaction with that the femur is rotated backwards. 

  
  
 

 18a

 17c a 

Fig. 78c 3RZHUVSULQW���6SHFLÀF�H[HUFLVH�IRU�$FFHOHUDWLRQ�,��6HH�
SDJH������VHFRQG�VWHS�IURP�WKH�EORFN�VWDUW��7KLV�H[HUFLVH�KDYH�EHHQ�
XVHG�E\�VSULQWHUV�LQ�0DOP|�PDQ\�\HDUV��6HH�DOVR�)LJ������SDJ����  

 I  II  III

17c. Powersprint 6SHFLÀF�H[HUFLVH�IRU�WKH�VHFRQG�VWHS�DIWHU�start-
LQJ��0DOP|�VSULQWHUV�RIWHQ�XVH�LW�DV�´WULJJHUµ�ÀUVW�LQ�WUDLQing. 

-RVHÀQ
0DJQXVVRQ
Powersprint 
WUDLQLQJ�DFFHOH��
UDWLRQ��)RU�PDQ\�
\HDUV�EHORQJLQJ�WR�
WKH�KLJKHVW�6ZH��
GLVK�HOLWH�DW����P�

  
  
 

From straight body, knee lift (I) and fast foot insert (II). Note 
This should be done under the already started movement 
ahead, followed by a perfect extension (III).

Fig. 79 3RZHUVSULQW��'HHS�DGYDQFHG�´WRWDOµ�VWDUW�H[HUFLVH�  
� &RQVLRXVO\�H[WUHPO\�ORQJ�VXSSRUW�SKDVH

Gluteus maximus (6)  
Gluteus medius (6a)    
Adduktor magnus (5)
Hamstring (4)  
Gastrocnemius (1a)  
Soleus (1b) 
Important to keep your back straight (easy ATP position) in 
the entire movement. Note the extremely long support phase, 
which give strengthtraining  for versatile strength with large 
motion amplitude. Important also for the pendulum phase.
Note also that you need to build a rather high platform. 

18a. Powersprint, tRWDO�EDVLF�DQG�´VWDUWµ�VSHFLÀN�H[HFLVH 
 Basic total exercise for mostly gluteus and quadriceps and also 

PXVFOH�VSHFLÀN�IRU�WKH�DGYDQFHG�GHHS�VSULQW�VWDUW��+DPVWULQJ�
ZRUN�KHUH�DFFRUGLQJ�WR�:LHPDQQ�´LVRPHWULFµ� 

  
  
 

Fig. 78b 3RZHUVSULQW��6SHFLÀF�WUDLQLQJ�IRU�WKH�VSULQW�PRGHO��
� 337�$37�PRGH��7KH�SLFWXUH�KHUH�VKRZV�´XQLTXH�ORQJ���
� URWDWLRQ�LQ�WKH�KLS�MRLQW�µ  

���D�
���E�

����

����

 17b



40

19.Alternate dumbell curls. General exercise. Al- 
though if trunk and leg strength is critical för speed, 
strength is required in the upper body among other 
things for arm pendulum in sprint.(see page 50)

20 Arm swing with dumbell. The exercise 
 mimics the arm swing in fast running. Weights then 

must be small, so that the right movement 
 technology and fast paced can be implemented. 
� 7KLV�LV�D�JRRG�H[DPSOH�RI�VSHFLÀN�VSULQW�H[HUFLVH�

21.µ7ULFHSV�SXVK�GRZQµ��Downward push in cable ma-
chine. General exercise for  arm extensors.

22.”7ULFHSV�SUHVVµ��Arm extension with barbell or 
dumbells. The exercise isolate triceps. is performed 
as  one arm- or two arm press.     

23a.Wrist curl. General exercise to strengthen the the  
� IRUHDUP·V�ZULVW�ÁH[RU��)RU�DOO�URXQG�SK\VLFDO�
 development. Improves grip strength for example 

barbell training, etc.
23b.Reverse wrist curl. General practice for
  strength of the forearm wrist extensors

Biceps brachii (11) 
Stand with arms hanging along the sides and the dumbells 
parallel to each other. Alternating bicepscurl means that 
right dumbell is lifted to shoulder height and then is low-
ered down at the same time as the left is lifted and so on. 
7KH�GXPEHOO�LV�OLIWHG�ZLWK�DQ�DUP�ÁH[LQJ�DQG�KDQG�
wringing so that the palm are upward.
A variation is bicepscurl without hand wringing with the 
palm constantly upward ev. without alternating lifting.

Triceps brachii (12) 
Stand with one foot over the other for good balance. Take 
in a high position with bent arms and push down. Keep 
your elbows all the time still low into the side even during 
the return to starting position.

)RUHDUP�ÁH[RU����� Forearm extensors (14)
7KHVH�H[HUFLVHV�DUH�SHUIRUPHG�VHDWHG�DV�VKRZQ�LQ�WKH�ÀJ-
ure, appropriate with a barbell. The  forearm is resting on 
thigh muscles, while the wrists are swinging freely.

Biceps brachii (11) 
Stand with arms hanging along the sides and the 
dumbells parallel to each other. Swing the arms with 
dumbells as in sprint running. This also requires some 
technical training

Triceps brachii (12) 
Dumbell or barbell is lowered behind the neck with the 
elbow in a high position. Then press up the load while 
maintaining a high elbow,.

Fig. 85 :ULVW�FXUO����D�
�� 5HYHUVH�ZULVW�FXUO����E�

23 aE

����

Fig. 83�7ULFHSV�SXVK�GRZQ

21

Fig. 84 Triceps press

22

����

Fig. 82 $UP�VZLQJ� 

20

Fig. 81 $OWHUQDWH�GXPEHOO
 curls

19 ����

Fig. 80  3RZHUVSULQW���´WKH�WRWDO�ZD\Vµ�WR�PXVFOH�VSH�
� FLÀF�VWUHQJWK�WUDLQLQJ�IRU�WKH�PD[LPXP�SKDVH
� �6H�PRUH�GHWDLOV�DW�SDJH����   

I II
a b c d

A
 18b 18b. 7RWDO�EDVLF��VSHFLÀF�H[HUFLVHV�IRU�PD[LPXP�SKDse

)LJ�����VKRZV�´7KH�WRWDO�ZD\Vµ�WR�XVH�3RZHUVSULQW��
Alt. A:   Use combination of acceleration I from deeper 
     positions with the maximum phase, where this 
     is starting with the powersprint machine in an 
     uplifted position (II). 
Alt. B:  Exercise the leg’s movement as an elastic rod  
     striking the ground  (I). This in combination 
     with maximum support phase (II).  I and II 
     could be done as one movement with a small fo- 
     cus before the explosive support phase II. 



����

����
����

����

24 25

26

Fig. 89 Dips 

Fig. 88 8SULJKW�URZ

Fig. 86 )URQW�GXPEHOO
 raises

Fig. 87 6HDWHG�GXPEHOO��
 press 

����

24. Front dumbell raises. General exercise, which iso-
late the shoulder musculature.  

  

25. Seated dunbell press. Like the previous exercise, 
this is a general exercise. This is especially good for 
shoulder muscles, but also for arm extensors.

26. Upright row. This is a good general exercise for 
the shoulders and upper back muscles, but also for 
the upper back. Provides a good basic strength for 
DPRQJ�RWKHU�VSHFLÀF�WUDLQLQJ�ZLWK�SRZHU�FOHDQV��
(exercise. 4, page 35).

27. µ'LSVµ��General exercise, which is very suitable to 
use with method 1 (see page 30).

28a.µ)OLHVµ��General exercise, which is the best exer-
FLVH�ZLWK�´IUHH�ZHLJKWV�´WR�LVRODWH�WKH�FKHVW�PXVFOHV��
Options:

28b µ3HF�GHFµ�Machine training for chest muscles

 Triceps brachii (12) 
 Deltoideus (16) 

Sit on a bench with a perfect upright position.  Dumb-
bells is lifted from the shoulders, with slightly more 
than shoulder width grip. The palms should be facing 
forward. Lift the dumbells alternately ie. when one is 
lifted  the other is lowered .

m. triceps brachii (12) 
m. deltoideus (16) 
m. pectoralis major (15) 

Starting position is shoulder-broad hand position and 
extended arms. From this position you leans forward 
and lowers the body down until the elbows are sharply 
bent. Then the arms is extended while the elbows are 
held close to your body.

Trapezius (17) 
Deltoideus (16) 

Stand with a straight posture. Hold the barbell with his 
arms hanging down in front of the body. Pull vertically 
near the body up to shoulder level. Move shoulders 
back so that the blades closer together.

Deltoideus (16) 

Stand with a straight posture and lifting dumbells with 
arms stretched forward up  sidewards to just above 
horizontal. The arms can be slightly bent at the heavier 
weight load.

27
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Pectoralis major (15) 
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Fig. 90 µ)OLHVµ����D�� � 3HF�GHFN����E�� �
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NmC Musculature    Main Function
 Exercises suitable for:

Aa Ss

 
  

 
 

 H
ip

  L
eg

23b

8VLQJ�WKLV�VXPPDU\�WDEOH�DQG�DVVRFLDWHG�ÀJXUHV
we now could create our strength-training program. For 
sports that require speed, follow here two programs (later 
on p.74 also for longjump. An important rule has been
DSSOLHG��)HZ�H[HUFLVHV�SHU�ZRUNRXW� �´48$/,7<µ�1) 

���$OUHDG\�DIWHU�����VHWV���PXVFOH�JURXS��PXVFOH�IDWLJXH�IURP�VWUHVV�VWDUWV��ZKLFK�OHDGV�WR�WKDW�WKH�VORZ�ÀEHUV�PXVW�SHUIRUP�WKH�ZRUN�
2) Likely alternative is training with the Power Sprint machine (see page 23, 58-59 and 74-77 and www.powersprint.space2u.com). 3) Front thigh 
PXVFOH�DOVR�FRQVLVWV�RI���G��,QWHU�YDVWXV�PHGLDOLV����7KHVH�PXVFOHV�FRYHU�DOPRVW�FRPSOHWHO\��F��P�VHPLPHPEUDQRVXV�

Fig. 91 :LWK�WKH�
KHOS�RI�ÀJXUH�DQG�
WDEOH�\RX�ÀQG�WKH�
PXVFOH�\RX�ZDQW�
WR�WUDLQ��7KHQ�\RX�
ORRN�XS�WKH�DSSUR�
SULDWH�WUDLQLQJ�
H[HUFLVHV�LQ�WKH�
H[HUFLVHV�VWRUHV�

3)

4)

 Summary table: Muscles - Exercises

19 20

21 22

24 25

23a

26
28

Ba
ck

Be
lly

 
 

 
Ar

m
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es
t 

Sh
ou

ld
er

s
Up

pe
r b

ac
k

1 2 3 11 14
��������·
16

Extending hip
Move leg outwards 
 ” - ” - ” - “ - “
Flex the hip

extends in knee b)c) 
and bends in hip a)

Pulls the leg in-
wards

extends in hip  
and bends in knee

Flexing knee 1a) 
Extending ankle a)b)
Flexing the ankle

(6)  6a Gluteus maximus,
  6a) Gl.medius, 6b) gl.minimus)
(7) a) tensor fasciae latae 
 b) illiopsoas, biceps femoris (3a) 

(3) Quadriceps a) rectus femoris 
b)vastus lateralis c)v. medialis 

(5) Adduktorgroup 
 

(4) Hamstring
a) biceps femoris b) semitendinosus 

(1) a)Gastrocnemius
  b)Soleus
(2)   Tibialis anterior

2 4 11 14
15 16  17
16

1 4 11 14
15 16  17
16

1 4 5 17

4  6 11 14
17

1 4 11 17

4 5 17

4 6 11 14 
17

4 11 17

1 5 2 3 
17

15B

6 11 14 

1 4 11 12 
13 16  17
13

 (8) Rectus abdominis

(9) Obliquus externus abdominis   
 Obliquus internus abdominis 

(10) Erector spinae

(11) Biceps brachii

(12) Triceps

(13)  )RUHDUP�ÁH[RU�

(14)  Forearm Extensor 

 (15) Pectoralis

 (16) Deltoideus

 (17) Trapezius

 (18) Latissimus dorsi

Bends trunk forwards 

Rotates torso
%HQGV�WUXQN·V�VLGH�

Raise up trunk

Bending in the 
elbows
Extend in the
elbows
Bending in hand
DQG�ÀQJHU�MRLQW
Extend in hand
DQG�ÀQJHU�SRLQW

Pulls and rotate the 
arm against the torso
Take part in all move-
ments in shoulder j.
pulls shoulder 
backwards
-

Pulls and rotate the 
arm against the torso 

7 7 7

77 7

10 10 10

96 4620 20

888 21 22
25 27
23a

23b

8 27
28

8 8

8 24 25 26 
27
9 26

4 8 4 8
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1 2 3

4 5

6 7
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10 11
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15 16
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Period III: Speed strength (SS)(alt. (Ss)+(NmC)),
5 veckor Speed strength training (Ss) and possible con-
WLQXLQJ�1P&�WUDLQLQJ���ÀJ������6HH�SODQQLQJ�SDJH�����
and 29. Method, volume, intensity:

Muscle power method

Strength training program for speed Here is a weight training program for speed. It is basically 
FRPSRVHG��DV�&DUO�/HZLV�VWUHQJWK�WUDLQLQJ��VHH�ÀJ����

Fig. 92 0XVFOH�K\SHUWURI\�WUDLQLQJ�RI�IDVW�PXVFOH�ÀEHUV

Fig. 93 1HUYH�PXVFOH�FRRUGLQDWLRQ��10&��WUDLQLQJ��([HUFLVH��
� ��������DQG�RQH�OHJ�FXUO�ZDV�&DUO�/HZLV�VWUHQJWK�� �
� SURJUDP�LQ�WKH���V������ZHHNV�ZLWK���UHS����������
� DQG�WKHQ��VHW�[��UHS�SHU�H[HUFLVH�ZLWK��������ORDG���
� ([FHSWLRQ��6LW�XSV�������[�����UHS��

1115

Fig. 95 7UDLQLQJ�WDUJHW�
� 5HDFWLYH�VWUHQJWK�
� VWDUW�IRUFH�HWF�

43

2-4 x 55-60%
 set   6-8r / 2d/w  1 Exercises  / Muscle group. 
    Rest: 3 - 5min)

Reactive Strength (RS)
Plyometric multi-step (see page 33)
Training of VWUHWFK�UHÁH[ and elastic 
properties of muscle

stretchre�
ÁH[
�3DJH���

Elastic muscle
�3DJH����

Period II: Nerve-muscle coordination
� (NmC),
 3-5 (15) veckor Nerve-muscle coordination training (see 
page 31) with heavier weights and fewer rep /set. See 
planning page 28 and 29. Method, volume, intensity:

NmC-method  
 
                   80-85%
set   5-4rep/ 2d/w    1 Exercises  / Muscle group. 
    Rest: 3 - 5min)

2-4 x 
  

Fig. 94 6SHHG�6WUHQJWK��66���&RQWLQXHG�WUDLQLQJ�ZLWK�&DUO���

845

7
15

11

5

7 8

4 17

Period I: Anatomic adaption (Aa),4-8 (11) veckor 
(Planning see p.28 and 29). Method, volume and inten-
sity:  

Method I  Method II  (See sid 30-31)  

              40-60   
set  15-25rep       (1-2 övn/muskelgr.  
     Vila : 3 - 5min)

    

Certain hypertrofy in 
VWUHQJWK�WUDLQLQJ��SDJH����

2-3 x 
  

1-2x  60-80%
 set   10-6rep

 Program alt. I  Program alt. II
13

8

9
7

2

8

9

7

16
11

15

20 19

17

14



As an example of maximum speed performance in sport, we 
will  now process sprinter running. We begin by highlighting 
sprint technique, with a technique model1 for the track and 
ÀHOG·V�FODVVLF����P�VSULQW�

Today’s top sprinter, among others characterized by a long 
acceleration distance of the 100m race, the whole 60m before 
the maximum speed is reached.

The start and Acceleration I
From the start block the pushing force is directed from the foot 
through leg, hip and the body’s center of gravity in a straight 
line with slope of about 35-45° inclination against the track. 
Start angle  must individually be selected depending on the 
sprinter stage of development. (Fig. 96a, b). Sprinter puts in the 
IRRW��ZLWK�´VWLIIµ��XVXDOO\�DERXW������DQJOHG�DQNOH�MRLQW�
�EH-
hind the center of gravity. The push off from the starting block 
DQG�LQ�WKH�ÀUVW�WZR�VWHSV�LV�XVXDOO\�GRQH�ZLWK�IXOO�VWUHWFKLQJ�RI�
the knee joint. The stretching of the ankle, knee and hip, then 
takes place in the beginning of the race, which we here call 
Acceleration I, with a gradual steepening inclination of lower 
leg until the angle to the track is 90 °.
During acceleration I the running occurs, with concentration of 
both the large range of motion in the hip joint ((See also pages 
46-49 and 58)) as high step frequence.2 This seems to charac-
terize today’s elite sprinters at the expense of push offs knee 
extension, usually over the course becomes something incom-
plete ( Fig 97-100).3�7KH�UXQQLQJ�EHFRPHV�PRUH�´ÁXLGµ��ZKLFK�
also characterizes good technique. The work is done with high-
er power output, ie large force during the short contact time. It 
XWLOL]HV�D�EHWWHU�66&��VWUHWFK�VKRUWHQLQJV�F\NOH���VWUHWFK�UHÁH[��
elastic energy, see page 15) from the hip extensors - mainly 
hamstring for the production of larger horizontal force. 
Favorable may also was an earlier  forward swing of free leg.5

44


��$QNOH�DQJOH"�3HUKDSV�LQGLYLGXDO�YDULDWLRQ��EXW�WKH�´VWLIIQHVVµ�DSSOLHV�WR�HYHU\RQH�
1) Many details of this technology model is according to Tom Tellez (coach of C. Lewis, L. Burell,
2) Acc. John Smith, UCLA, Los Angelos-89 (a talk with the author)
3) Ralph Mann -85. (See page47)
���0LNH�0DUVK��WKH�2O\PSLF�JROG�PHGDOLVW�LQ�WKH����P������RQO\�RQH�KXQGUHGWK�RI�WKH�ZRUOG�UHFRUG�LQ�WKH�VHPLÀQDOV��
5) EMG values have also shown very low - perhaps negligible - from the push off force just before the foot leaves the track.

3LFWXUHV�RI�0LNH�0DUVK�
VKRZV�KLV�VWDUWLQJ�WHFK��
QLTXH�GXULQJ�WKH�ÀUVW�IRXU
VWHSV��$W�WKH�SXVK�IURP�
VWDUW�EORFN�ULJKW�DUP�
VZLQJV�EDFN�XS�UHODWLYHO\
H[WHQGHG�LQ�WKH�HOERZ�
�������������/HIW�DUP�KRZHYHU�VZLQJV�PRUH�ÁH[HG�XS�WR�KHDG�
KHLJKW��7KH�SRZHU�IURP�WKH�DUP�VZLQJ�LV�LQ�KDUPRQ\�ZLW�WKH�
SXVKLQJ�DFWLRQ�IURP�WKH�VWDUW�EORFN��LQ�DQ�LGHDO�GLUHFWLRQ�
WKURXJK�WUXQN��FI��)LJ���D���:KHQ�WKH�ULJKW�NQHH�PRYHV�IRU-
ZDUGV��WKH�IRRW�LV�GHVFULELQJ�D�PRWLRQ�������IRUZDUGV�XSZDUGV�
WR�NQHH�KHLJKW��7KH�DQJOH�RI�WKH�NQHH�EHFRPHV�ÀUVW�TXLWH�VPDOO�
ZKHQ�WKH�NQHH��VZLQJV�XS�WR�D�UHODWLYHO\�KLJK�SRVLWLRQ�����DQG�
WKH�IRRW�LV�FURVVLQJ�RSSRVLWH�WKLJK

��7KH�IRRW�LV�SXW�LQ�WKH�WUDFN�
RQ�WKH�EDOO�RI�
WKH�IRRW���������
����

��DQG�
ZLWK�WKH�ÀUVW
UXQQLQJ�VWHSV�
ZLWKRXW�KHHO�
FRQWDFW��$W�WKH
´WRXFKGRZQµ�
WKH�NQHH�RI�SHQGXOXP�OHJ�LV�KDQJLQJ�LQ�D�ORZ�SRVLWLRQ
Fig.98 0LNH�0DUVK4��86$�+RXVWRQ�)HE�����DW�VWDUW�WUDLQLQJ��)LJXUH�WH[W�GHVFULELQJ�VRPH�LPSRUWDQW�WHFKQLFDO�GHWDLOV�

1
2345678

9
1011121314

23 22 21 20 19 18 17 16 15

4.1 Technology Model, sprint 100m.
4. SPEED, SPRINT RUNNING

 Acceleration.  

Fig. 97 0LNH�0DUVK�4�1RWH�WKH�LQFRPSOHWH�NQHH�H[WHQVLRQ
�� � GXULQJ�WKH�JURXQG�SKDVH��JURXQG�FRQWDFW���

Fig. 96b &KHPDWLF�GLDJUDP�VKRZLQJ�DQ�H[DPSOH�RI�VWDUW�� �
� � WHFKQRORJ\�IRU�\RXWK�DQG�PRGHUDWH�HOLWH� �

135°

90°

**) Today’s elite sprinter instead bring forward the foot lower and quicker

23°

130° 90°

33°

Fig. 96a 6FKHPDWLF�GLDJUDP�VKRZLQJ�DQ�H[DPSOH�RI
� � �D�PRGHUQ�VWDUW�RI�WKH�´VXSHU�HOLWHµ�
� � ´5HDG\µ�DQG�WKH�ÀUVW�WZR�VWHSV�� �



1) Tom Tellez model (Houston -99). It should, however, be the personal  
 feeling and experience which is crucial (Author)
2) (Tom Tellez -99)
3) This is a very important technology details.”The pelvic side is moving  
 in an oval -shaped moving, and the hip is pressed far forward”. (John  
 Smith told the author at visit, UCLA-89. Medical parlance: = Pelvis  
 Pelvis, will continue to be used.
4) Note! The circled. The short ground contact and subsequent uplift  
 of the foot (b - c) takes place so fast that a normal video recording  
 rarely can show this. The common perception is that the foot con-
 tact is always on toe without the heel contact.

Acceleration II to maximum speed
After acceleration I, the distance of 15-25m, depending on the 
speed level, posture become more up-right1���6HH�ÀJ����DQG�SDJH�
58). From this position, we talk about acceleration II. The touch-
down now usually occurs slightly in front of the body’s center of 
JUDYLW\��ÀJ���D���7KH�KHHO�LV�WKHQ�SUHVVHG�GRZQZDUGV�DQG�IRU�D�
´PLOOL�VHFRQGµ�LW·V�HDV\�WRXFKLQJ�WKH�WUDFN����ÀJ���E���,Q�ÀJ������
0LNH�0DUVK�LV�DQDO\]HG�ZLWK�VR�FDOOHG�VWLFN�ÀJXUHV��$PRQJ�
others here is a enlarged detail of the ankle at touchdown (a) and 
at the heel contact (b) 4 
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,03257$17�7(&+12/2*<�'(7$,/6
7KH�ÀJXUH�VKRZV�VFKHPDWLFDOO\�WKH�LP-
SRUWDQW�SHQGXOXP�PRYHPHQW�RI�WKH�KLS�
�6HH�DOVR�SDJH����|YQ�����DQG����DQG�
S��������$W�ULJKW�WRXFKGRZQ�OHIW�KLS�DQG�
NQHH�DUH��LQ�D�ORZ�SRVLWLRQ��)URP�KHUH��
WKH�OHIW�KLS�VZLQJV��3HOYLV�VLGH��IRUZDUG�
LQ�DQ�RYDO�VKDSHG�PRYLQJ���,W�LV�LPSRUW-
DQW�WR�UHDFK�IDU�IRUZDUG�ZLWK�WKH�KLS�DW�
WKH�NQHH�OLIW�3
Note that at the touchdown of the 
right foot, left shoulder is forward 
elevated in the high position while 
the right shoulder instead is clearly 
lowered. Important that the shoul-
ders are lifted and lowered to create 
balance and long external levers (see 
also page 22 and 50). This is a tech-
nique detail that you now clearly can 
see in particular characterizes the 
Jamaicans Bolt and Powel, but also 
for former U.S. Green and Others 
(author)
7KH�DUPV�ZLOO�DOVR�SURYLGH�D�VLJQLÀ-
FDQW�IRUFH�DGGLWLRQV�WR�WKH�SXVK�RII�WKH�
JURXQG�E\�SHQGXOXP�IRUFH2�6HH�LQ�SDU-
WLFXODU�WKH�OHIW�DUP��SRVLWLRQ�D�DQG�E��
GDVKHG��UHODWLYH�RXWVWUHWFKHG�SRVLWLRQ��
ZLWK�\RXU�KDQG�ORZ�DORQJ�WKH�VLGH��
6SULQWHU�GURSV�GRZQ�WKH�DUP�UHOD[HG�
DQG�WKHQ�´VZLQJVµ�DUP�KLJK�XS�QHDU�
WKH�IDFH��VHH�S�����(YHQ�EDFNZDUGV�
VZLQJ�FRQWULEXWHV�ZLWK�IRUFH�

Fig. 99 0LNH�0���LV�DFFHOHUDWLQJ��DW�WUDLQLQJ�LQ�+RXVWRQ�LQ�)HEUXDU\����

Fig. 100�$QDO\VLV�E\�0LNH�0DUVK�ZLWK�WKH�KHOS�RI�VWLFN�ÀJXUH

D���E��7KH�OHJ�QDWXUDOO\�VWULNH�WKH�JURXQG�IURP�ORZ�DOWLWXGH��DV�DQ� �
� HODVWLF�URG�ZLWK�VOLJKWO\��ÁH[HG�NQHH��7KH�WRXFKGRZQ�RFFXUV� �
� RSWLPDOO\�LQ�IURQW�RI�WKH�ERG\��VHH�SDJH������7KH�KHHO�PHHW�WKH�
� JURXQG�D�YHU\�VKRUW�PRPHQW� �
E���F��5HÁH[LYHO\�NQHH�LV�ÁH[HG�IXUWKHU�XQGHU�XSOLIWLQJ�RI�WKH�KHHO�4 
� +HUH�SRVVLEO\�KDPVWULQJV��ELFHSV�IHPRULV�´DFWLYHO\µ�FDQ�FRQWULEXWH� �
� ZLWK�IRUFH��*OXWHXV�WDNH��SDUW�LQ�KLSH[WHQVLRQ�SRZHUIXO�EXW�VHHPV�DW�WKH�� �
� IURQW�SKDVH�WRJHWKHU�ZLWK�WKH�TXDGULFHSV�PDLQO\�HODVWLFDOO\�GDPSLQJ�RI�WKH�
�� KLJK�YHUWLFDO�UHDFWLYH�IRUFH�� �
F���I��([WHQVLRQ�RI�WKH�KLS�DQG�XVXDOO\�LQFRPSOHWHO\�HYHQ�LQ�WKH�NQHH�MRLQW�FDQ�EH�PDGH��
� LQGLYLGXDOO\�ZLWK�HLWKHU�KDPVWULQJ��7LGRII��:LHPDQQ��RU�TXDGULFHSV��ZKLFK�JHW�WKH�
� KHOS�RI�WKH�KDPVWULQJV�LVRPHWULF�DQWDJRQLVWLF�IXQFWLRQ��VHH�6SULQW�PRGHOV�S������
� �����$GGXFWRU�PDJQXV��RXWHU��ORZHU�SDUW��LV�KHOSLQJ�LQ�WKH�SXVK�RII�ZLWK�DQ�
� LQZDUG�URWDWLRQ�RI�WKH�OHJ�LQ�WKH�KLS���6HH�PRUH�GHWDLOHG�RQ�SDJH����������������
1RWH��7KH��ODVW�JURXQG�FRQWDFW�LQ�WKH�SRVLWLRQ��I��ZLWK�FOHDUO\�XQFRPSOHWH�H[WHQVLRQ�
� RI�WKH�NQHH�DQG�KLS��VHH�DOVR�ELRPHFKDQLFDO�DQDO\VLV�RI�WKH�VSULQWHUV��S���������
� $OO�VSULQWPRGHOV�FDQ�EH�H[FHOOHQW�WUDLQHG�VSHFLÀFDOO\�ZLWK�3RZHUVSULQW�
,PSRUWDQW��0RYHPHQW� �7KH�URWDWLRQ�LQ�WKH�KLS�MRLQW�PXVW�EH�FOHDUO\�DFFHOHUHUDG��
 

Forward
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 The initial contact with the runway makes the the edge of the ball of 
WKH�IRRW��)LJ�����&���WKHQ�GXULQJ�´D�PLFUR�VHFRQGµ�WKH�KHHO (Fig.99-101). 
(ODVWLF�HQHUJ\��VWUHWFK�UHÁH[�DQG�PXVFOH�SRZHU�WKHQ extends the ankle, 
which helps boost the power. This power is also affected by will*), with 
the exception of the ankle’s extension. Foot arch - lower leg (Fig.101, 
a-c) can be likened to a biased elastic steel strip, which at the touch-
GRZQ�LV�EHQW�DQG�FODPSHG�WRJHWKHU�IROORZHG�RI�D�´FDWDSXOWµ�HIIHFW�

The right feeling in sprinting
The take off from starting block occurs with perfect extensions 
directed through the trunk (Fig. 102 a and b)*).  Already in the early 
stages of the race most of the sprinters characterized with a more 
imperfect extension in the knee joint, providing a more propulsive 
force. The inclination of trunk becomes progressively more upright 
�)LJ�����F���7KH�ÀQDO�SXVK�RII�RFFXUV�ZLWK�DQ�LQZDUG�URWDWLRQ�RI�
the leg in the hip. After the foot’s edge-insertion and heel contact, 
the leg is pushed backwards and inward rotated over the big toe.

7KH�WRXFKGRZQ�LV�GRQH�ZLWK�D�IHHOLQJ�RI�´ZDLW�IRUµ�WKH�JURXQG�
pliable as frequency and speed increas. Important the sprinter does 
not force a stamping action from a high position into the ground. 
At low altitude (Fig. 101C) the explosive take off process is starting 
ZLWK�PXVFOH�SUHVWUHVVHG�WR�DGG�WKH�HODVWLF�HQHUJ\��´VWHHO�VKDQN�
catapult” is loaded). The foot then is rotated” downward-outward 
ZKLFK�FUHDWHV�HGJH�LQVHUWLRQ��7KH�FKDOOHQJH�LV�WR�ÀQG�WKH�ULJKW�
location at touchdown ie. just right high center of gravity in which 
the foot hits the track gradually longer in front of CG. During the 
continued acceleration of the race (Acceleration II) and at maxi-
mum speed, front foot optimal landing whereby the highest power 
could be developed during the SSC (stretch shortenings cykle) (p. 15)

Quadriceps is absorbing the shock at touch-down and possibly 
extends the knee and hip with help of the hamstrings antagonis-
tic function. Individually, the rotation of the hip joint of the leg 
during the stance phase also take place with muscle force from 
hamstring. This will be described more in detail later for example 
(p. 54, 58-59).The whole pendulum phase, also called recovery 
phase, with heel kick, knee lift and forward swing occurs, howev-
er unconsciously, as a result of total relaxation in the knee, largely 
with  help of mechanical elastic energy. 

Acceleration I, II and Maxfas. 
 Technology and muscular demands. See Figure 103. During acce-  
 OHUDWLRQ�WKH�UXQ�WDNHV�SODFH�´GULYLQJµ�LQ�D�VOLJKWO\�GHHSHU�FHQWHU of  
 gravity with the torso leaning forward and with the knee joint in  
� WKH�IURQW�VXSSRUW�SKDVH�QDWXUDOO\�PRUH�ÁH[HG��$W�WKLV�VWDJH�GXULQJ��
 the initial stages it is great demands on muscle power from the  
 quadriceps and gluteus. (See also page 54). Gradually, the angle of 
 the knee joint will be greater concurrent with the stature of the torso.
 In the acceleration II and maxfas force from Quadriceps must pro-  
� YLGH�HQRXJK�HODVWLF�´VWLIIQHVVµ�LQ�WKH�NQHH�MRLQW��DQG�WR�ZLWKVWDQG�
 the increased vertical reaction force * (see Figure 103 and the data 
 on page 51), and also to use the leg, as a long stable torque arm, 
 rotating in the hip joint with power from hip extensors - mainly 
 KDPVWULQJ��WKH�´&DWDSXOWµ�RI�WKH�$QNOH��PXVW�EH�HQGHG�ZLWK Pelvis  
 in the forward tilted position (ATP) ** - individually short or far 
 behind the hip. (Pelvis function. See pages 50, 58-59).

Fig.102 7KH�GLUHFWLRQ�RI�WKH�WDNH�RII·V�IRUFH

a b c

Fig. 101 7KH�IHHW�HGJH�LQVHUWLRQ��3UHVWUHVVHG�RI�DQNOH��´HODVWLF�
� VWHHO�VKDQNµ���([WHQVLRQ�ZLWK�´FDWDSXOW�HIIHFWµ

Prestressed “Catapult is loaded” 

 a

b

c

(GJH�LQVHUWLRQ

���6WLFN�ÀJXUH��DXWKRU��
2) Processed from Ralph Mann Leichtathletic train. 12/99, 24 and Schöllhorn -95, 45.

Horizon-
tal force

b. Ground phase, max pfase

Fig.103 %LRPHFKDQLFDO�DQDO\VLV1)2)�RI�WKH�JURXQG�SKDVH�LQ�WKH�VSULQW�
VWULGH��DOVR�SDJH�����VKRZV�PRWLRQ�WHFKQLTXH��DQG�YHUWLFDO�DQG�KRUL]RQ-
WDO�´UHDFWLRQ�IRUFHµ�IURP�WKH�WUDFN�GXULQJ�JURXQG�FRQWDFW��WKH�VR�FDOOHG�
JURXQG�SKDVH�'XULQJ�WKH�IURQW�RI�JURXQG�SKDVH���EHIRUH�WKH�YHUWLFDO�
OLQH�RI�FHQWHU�RI�JUDYLW\��LV�FURVVHG��WKHUH�LV�D�EUDNLQJ��7KHUHIRUH��ZH�
DUH�WDONLQJ�DERXW�D�EUDNLQJ�SKDVH�GXULQJ�ZKLFK��DPRQJ�RWKHU�WKLQJV��
WKH�HODVWLF�HQHUJ\�LV�ORDGHG��´VWHHO�VWLFN���EHQW�DQG�VWUHWFKHGµ�ZKHQ�WKH�
PXVFOH�LV�VWUHWFKHG��VWUHWFKHG���7KH�ODWWHU�UHVXOWV�LQ�WKH�VWUHWFK�UHÁH[��
ZKLFK��WRJHWKHU�ZLWK�WKH�HODVWLF�HQHUJ\�LV�VWDUWLQJ�WKH�SXVK�RII�DFWLRQ��
'XULQJ�WKH�UHDU�JURXQG�SKDVH�WKH�WDNH�RII�LV�DFFHOHUD�WLQJ��DQG�DV�ORQJ�
DV�WKH�KRUL]RQWDO�DFFHOHUDWLRQ�HQHUJ\�LV�JUHDWHU�WKDQ�WKH�EUDNLQJ�IRUFH�
WKH�DFFHOHUDWLRQ�WDNHV�SODFH� 

a. Ground phase, acceleration
Braking

Accelerating 

*) From Fig. 103b shows that maxfasens vertical force has increased while the horizontal reaction force is 
UHGXFHG��7KH�IRUPHU�LV�DOZD\V�PRUH�WKDQ�ÀIWK�WLPHV�JUHDWHU��0RVW�RI�WKH�EXVHV�KDV�SHUFHLYHG�WKH�YHUWLFDO�
IRUFH�DV�WKH�PRVW�FUXFLDO�IRU�D�VSULQW�SHUIRUPDQFH��ZKLFK�JUHDWO\�LQÁXHQFHG�WKH�HGXFDWLRQDO�PHWKRG�������
JB Morin showed when comparing 4 Elite (9.95 to 10.29), and 5 under the elite (10.4-10.6) as follows: 
40m during acceleration load carried a higher (10%) more crucial horizontal force and the vertical force 
lower (2%) compared with these both. This better acceleration sannorligt expensive leads to better top speed.
**) At the back tilted Pelvis (PPT) any backward movement of the femur isrestricted..  

Braking
Accelerating 

Center of
gravity

Vertical 
force

Accelerating force
Braking force Braking force

Accelerating force



7KH�ÀJXUH�VKRZV�VFKHPDWLFDOO\�WKH�
LPSRUWDQW�SHQGXOXP�PRYHPHQW�RI�
WKH�KLS���$W�ULJKW�WRXFKGRZQ�OHIW�KLS�
DQG�NQHH�DUH��LQ�D�ORZ�SRVLWLRQ��)URP
�KHUH��WKH�OHIW�KLS�VZLQJV��3HOYLV�VLGH��IRUZDUG�LQ�DQ�
RYDO�VKDSHG�PRYLQJ���,W�LV�LPSRUWDQW�WR�UHDFK�IDU�IRUZDUG�
ZLWK�WKH�KLS�DW�WKH�NQHH�OLIW�

Maximum speed Figure 104 and 105 shows a sprint stride in maximum 
VSHHG��$OUHDG\�DIWHU�DFFHOHUDWRQ����´'ULYH�3KDVHµ��LQWHU-
national designation) is the posture usually in the nearest 
or close fully upright. During acceleration II until the 
maximum speed is reached at 50-70m (elite) can still too 
many sprinters in the world elite of the videos see the hint 
of a slight, but still somewhat further upraised posture. 
The picture shows Henrik Olausson (pers.rec. 10.43) such 
a typical posture. A top sprinter can today with relaxed 
coordination and an extreme endurance implement the 
entire 100m race with minimal speed reduction. See more 
details at page 58.
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Fig. 104 )LOP�VHTXHQFH�RQ�+HQULN�2ODXVVRQ�GXULQJ�PD[LPXP�VSHHG�VSULQW
� �� 1RWH��/RFDWLRQ��D��LV�MXVW�EHIRUH�WRXFKGRZQ��)LJ������D��EHORZ�

fedca b
g

The challenge is to complete the 
100m race at top speed with the 
concentration of detente. The muscle 
energy is discharged  (page 18) but 
good speed endurance coupled with 
mental concentration makes it possi-
ble to maintain the speed. The sprint-
er must  concentrate on a long accel-
eration distance. Often starting speed 
over-emphasized at the expense of 
the very long acceleration. 

7KDW�GXULQJ�WKH�ÀUVW�WKLUG�SDUW�RI�WKH�
100m race achieve high step fre-
quency, the second third part obtain 
maximum speed and during the last 
third maintain momentum with speed 
endurance might be a good tactic. 1 

)RFXV����+LJK�VWHS�IUHTXHQF\�DQG�´ÁRDWµ���
 with the help of large horizontal   
 ´GULYLQJ�IRUFHµ�IURP�WKH�EHJLQQLQJ�
Focus 2: Accelerate to maximum speed,   
 while maintaining high frequency,  
 but with a powerful shoulder and  
 hip work2 (See Figure 105 with   
 text.) producea drive force in 
� KDUPRQ\�ZLWK�D�´ELJ�ZKHHO��´��WKDW�
 is, long levers - Pelvis + the whole 
 the rotating leg in the hip joint 
 (More about this on page 59)
Focus 3: When the maximum speed is   
 reached, try to maintain it, without 
 too large speed reduction, with 
 fast endurance ability. During this 
� ÀQDO�SKDVH�RI�WKH�UDFH��PD\�UH�
 laxation also be extremely crucial. 
 Among other things, to exploit
 the elastic energy and the stretch 
� UHÁH[��66&��VHH�SDJH����

Left
shoulder
forward
elevated

g

c defba

a b d e fD· c

Right
shoulder
lowered

Low
pelvis-
side and
knee 

Pelvis from 
behind at 
touch down

Pelvis from 
behind at 
WRH�RII

1) John Smith, interview (Author-89)). Without losing focus on
   a job well done hip work with the large range of motion 
� ���´2YDOVµ��$XWKRU���
2) According to John Smith. important technique detail (Author-89)   
3) Magnus Warfvinge 151212 (Described  for the author, which
HQWKXVLDVWLFDOO\�FRQÀUPHG�LDNWDJHOVHQ��&RPPRQ
FRQFOXVLRQ��´$�QHJOHFWHG�WHFKQLFDO�GHWDLO�µ�
Note again! The circled. The short ground contact  
 and subsequent uplift of the foot (b - c) takes place 
 so fast that a normal video recording rarely can 
 show this. The common perception is that the foot 

.QHH�DQJOH�LV�WKH�VDPH�LQ�WKH�SHQGXOXP�SKDVH�PRGH��D�¶��DV�LQ�
WRXFKGRZQ��$���7KH�PXVFOHV�DUH�WKHQ�SUHVWUHVVHG�DQG�WKH�HQWLUH�
OHJ�IRUP�D�UHODWLYHO\�VWDEOH�OHYHU��FI��H[SHULHQFH�RI�WKH�ERQH��DV�
HODVWLF�URG��SDJH������1RWH�WKH�RYDO�VKDSHG�PRWLRQ�RI�WKH�3HOYLV�
VLGHV2�DQG�ODUJH�HOHYDWLQJ�IRUHZDUG�DQG�ORZHULQJ�RI�WKH�VKRXOGHUV��
WKH�ODWWHU�W\SLFDOO\�VSHFLÀFDOO\�IRU�%ROW��$Q�LPSRUWDQW�ÀQGLQJ�RI�WKH�WHFKQLTXH�
RI�%ROW�DQG�$VDID�3RZHOO�LV�D�WDQJLEOH�IRUZDUG�LQFOLQDWLRQ�RI�WKH�WUXQNDW�IRRW�WRXFK�GRZQ��������
IROORZHG�E\�DQ�HOHYDWLQJ�WR�DERXW�����7KLV�VKRUW�´URFNLQJµ�PRWLRQ3�RFFXUV�UK\WKPLFDOO\��VR�WKDW�
ERWK�WKH�WUXQN·V�FHQWHU�RI�JUDYLW\�FRPHV�FORVHU�WR�WRXFK�GRZQ�UHGXFLQJ�WKH�EUDNLQJ��7KH�UDLVLQJ�
RI�WKH�WUXQN�DOVR��FRPSHQVDWHV�IRUZDUG�URWDWLRQ���7KH�PRYHPHQW�LV�DFFRPSOLVKHG�SULPDULO\�E\�D�
VWURQJ�EDFN�PXVFOH�ZRUN��ZKLFK�DOVR�DIIHFWV�WKH�3HOYLV�WLOWLQJ�DJDLQVW�WKH�$73�PRGH��7KH�ODWWHU�
LV�GHVFULEHG�LQ�PRUH�GHWDLO�RQ�SDJH����
   Fig. 105 $QDO\VLV�RI�PD[LPXP�VSHHG



The start.

Fig. 106 7KH�VWDUW

48

a

b

c

:KHQ�WKH�DUP�DQG�EHQ-
SHQGOLQJHQV�XSZDUG�PR-
WLRQ�VORZHG��DQ�LPSXOVH�
LV�WUDQVPLWWHG�WKURXJK�WKH�
ERG\�DQG�DQ�DGGLWLRQDO�
IRUFH�LV�REWDLQHG��7KH�
IDVWHU�WKH�GHFHOHUDWLRQ��
WKH�JUHDWHU�WKH�LPSXOVH�

Rapid deceleration
of arm and leg pendulum
at the take off

 /HIW�KDQG�DQG�IRUHDUP��GDVKHG�
LQ�ÀJ��LV�GURSSHG�GRZQ�DQG�´LV�
FDWFKHGµ�E\�DQ�HODVWLF�ELFHSV�
PXVFOH�ZLWKW�DQ�´RSHQ�DQJOHµ�
LQ�WKH�HOERZ�MRLQW��LQ�D�SKDVH�RI�
PRUH�UHDOLJQHG�OHIW�DUP�ZKHQ�
WKH�KDQG�SDVVHV�WKH�WKLJK�LQ�ORZ�
SRVLWLRQ���7KH�DUP�´ERXQFHµ�
XS�WR�D�VOLJKWO\�VPDOOHU�HOERZ�
DQJOH��5LJKW�DUP�VZLQJV�IRUZDUGV�
XSZDUGV�ZLWK�D�VPDOOHU�DQJOH�
�DERXW�������WR�FRRUGLQDWH�ZLWK�
WKH�OHIW�NQHH�OLIW�
 This rapid motion switching, the transi-
WLRQ�IURP�H[WHQGLQJ�WR�ÁH[LQJ�RI�WKH�DUP�
 (Biceps muscle works eccentrically here 
DQG�HODVWLF��JLYH�D�VLJQLÀFDQW�LPSXOVH�
and force.

Drop down and elastic catching 
of hand and forearm in
touchdown

Fig. 107 $QDO\VLV�RI�WKH�LPSRUWDQFH�RI�DUP���OHJ�SHQGXOXP��
� FRQW���6HH�ÀQH�WH[W�VW\OH��

�

b a 

The requirements for a good sprinter start is requiring 
some  perfectly executed technologies details.

´2Q�\RXU�PDUNVµ
$W�´RQ�\RXU�PDUNVµ��)LJ�����D���D�IHZ�VHFRQGV�IRU�D�
ÀQDO�WRWDO�FRQFHQWUDWLRQ��,PSRUWDQW�GHWDLOV��VXFK�DV��9HU-
WLFDO�DUPV�ZLWK�VKRXOGHU�ZLGWK�GLVWDQFH��ÀQJHUV�VSUHDG�
out, appropriate distance between the blocks and the 
starting line,  the head possibly bowed.

´)LQLVKHGµ
Evenly distributed weight of the support points. The 
´ÀQLVKHGµ�IRRW�EODGHV�DUH�SUHVVHG�DJDLQVW�WKH�IURQW�DQG�
rear boot block so that a muscle preload is created. Im-
portant that both leg’s muscles get the preload.

´7KH�VWDUWLQJ�JXQµ
At the starting gun the sprinter push-off from the front 
block while at  the same time a backlash is created 
WKURXJK�WKH�ERG\�DJDLQVW�WKH�UHDU�EORFN��
��+HQU\��´D�
bang on the block” (Occurs few hundredths of seconds be-
fore the pressure on the front block).
The starting method lead to that the sprinter natural is 
running out from the block and quickly achieve high ca-
dence. At the push off, Henrik Olausson is showing (see 
picture), a perfectly executed extension in a straight line 
through the torso and head.

%HORZ�DQG�LQ�ÀJ�����WKH�DUP���OHJ�SHQGXOXP�DUH�DQD-
O\]HG��6HH�DOVR�ÀJ�����

*) The mechanics explains this with the concept of impulse. The back-
lash through the body is an impulse I where I = mv = Ft force) (t = 
time) (m = mass, body weight) which can be written
We see here that if the time may can be reduced at the creation of an 
impulse the force increases and  then also the acceleration is
increasing. Examples of rapid movement whose impulse is transmitted 
through the body are arm and leg pendulum in jump and sprint. 
Study Figure 110a, b, and then do the following experiments: 
D��'RXEOH�DUP�VZLQJV�VLWWLQJ�RQ�WKH�ÁRRU��7KH�DUPV�VZLQJV�XS�DQG���
 is braked.
b. Simple arm swings as in running. The arms upward movement   
� VORZHG�LQ�WKH�EDFNZDUG�DQG�IRUZDUG�VZLQJ��<RX�´OLIWµ�IURP�WKH�� �
� ÁRRU��,Q�WKH�DWWHPSWV�IHHOV�LQFUHDVHG�SUHVVXUH�LQ�FRQWDFW�ZLWK�ÁRRU�
c. The same experiments as a. and b. but standing on a wave.
d. Try standing on the wave arm technique described in Figure 110b. 
 The wave makes a strong response.

The importance of arm / leg pendulum. 
Impulse concept.

I
tF =

a = F
m

**) This movement can mechanically be compared to when a ball   
 bouncing against a wall. Suppose that a ball with mass m and ve - 
 locity v is on the way against a wall (picture below). If the ball after  
 impact is going back with the same speed v, the force that the wall  
 appeared against the ball becomes as following: 
  F = (p2 – p1) / t = (mv – (–mv) / t = I / t 

 Where p�LV�PRPHQWXP��GHÀQHG�DV�PDVV�WLPHV�WKH�VSHHG�v. The   
 P1 and P2 is the momentum before respectively. after the impact. t  
 is the period of contact with the wall. The impulse is then I = 2mv  
 ie. doubled! This also applies force F if the time t is constant. The  
 force always is increasing if time can be reduced (compare with a  
 Karate strike - the same principle).
 
  

m
v v
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Which muscles are involved and how they 
work in the 100m-race. 

The following description of the 100m race’s
muscle work is a brief summary of what we will later 
show by biomechanical studies.                            

I. The start phase and Acceleration I.
As previously told, this process applies to sprinter in 
race�ÀUVW�WZR�DFFHOHUDWLQJ�VWULGHV�WR�H[WHQG�WKH�DQNOH, knee 
and hip so that the pushing force is directed straight line 
through the legs, hips and the body’s center of gravity 
(Fig. 108a). The condition of the front thigh muscle 
�P�TXDGULFHSV��WR�EH�DEOH��SXVK�WKH�ERG\�ÁDW�IRUZDUG��
�´OLTXLGµ��LV�WKDW�WKH�NQHH�MRLQW�DUH�QRW�H[WHQGHG�WRR�HDU-
O\��ÀJ����E���7KHUHIRUH�WKH�UHDU�OHJ�PXVFOH��KDPVWULQJ��
SHUIRUPV�D�SRZHUIXO�LVRPHWULF�ZRUN��:LHPDQQ��ÀJ�
109). The muscle brakes the extension of the knee joint 
*) so that instead the hip joint have time to stretch (see 
Fig.109). Also the gluteal muscle (gluteus) has here a 
VLJQLÀFDQW�UROH�LQ�WKH�SXVKLQJ�DFWLRQ�

Acceleration II and Maximum Phase.
During the remainder of the race as a whole and dur-
ing the long acceleration, with gradual upright posture 
to the maximum speed **) at about 60m, the legs are 
working as elastic rods. Front leg muscle, but also the 
DQNOH��´WKH�HODVWLF�VWHHO�UDLO���FDWDSXOWµ�JLYHV�D�ERXQFH�
effect.

1) Processed from Wiemann, Leichtatletic nr.27-89
2) The ’s talk with Joe Douglas in Stockholm -83

Rätt

Fel

Fig 108
���P�UDFH·V�ÀUVW�
VWULGHV��)LJXUH�D��
VKRZV�D�SHUIHFW�
H[WHQVLRQ�WKDW�
GULYH�WKH�ERG\�
ÁRDWLQJ�IRUZDUG�
,Q�)LJXUH�E���WKH�
NQHH�H[WHQVLRQ
RFFXUUHG�WRR�
HDUO\�

“ F.... l.... y.... t.... ” 

b

*) Hamstring works here as a so-called antagonist muscle to the anterior thigh muscle.
**) The most important part of the race. Here the greatest difference  between the 
   intermediate and the elite.

a

�$V�D�ZKROH��LV�FUHDWHG�D�´ERXQFH�VWHSµ�RU�ÁDW�MXPS�DKHDG��
WKH�ÁDWWHU�WKH�EHWWHU�´ÁRZµ��-XVW�´ÁXHQF\µ�LV�SHUKDSV�WKH�
most important feature of a well-developed technology 
sprinter. (Fig.110a)2). Here, both the anterior thigh and 
calf muscles have great role in preventing an excessive 
ELJ�VLQNDJH�LQ�WKH�JURXQG�SKDVH��ÀJ����E���E\�DPRQJ�
other things taking up the impact against the ground with 
HODVWLF�HQHUJ\�DQG�VWUHWFK�UHÁH[��7KH�ZKROH�OHJ�IRUPLQJ�D�
solid elastic lever from the hip joint, which both seem to 
EDOOLVWLF��´ERXQFLQJµ��IRU�VWULGH�OHQJWK��DQG�URWDWLQJ�ZLWK�
a speed crucial for the short contact time in the ground 
phase and thus stride frequence. Dominant muscle groups 
in the leg’s rotation is the hip extensors  gluteus and pos-
terior thigh muscles during down pendulating of the foot 
towards the path and the latter muscles for the rest of the 
pushing action. This will be illustrated with summary of 
biomechanical analysis of sprint running (p. 51-56).

Fig.110 
´%RXQF\�VWHSµ��D�ÁDW�MXPS�DKHDG��7KH�ÁDWWHU�WKH�EHWWHU�´ÁRZµ�LQ�
WKH�UXQ��7KH�VSULQWHU·V�XS�DQG�GRZQ�PRYHPHQW�LV�KDUGO\�YLVLEOH�
LQ�WRS�VSHHG�EXW�LV�WKHUH�ELRPHFKDQLFDOO\�FRQVLGHUHG���1RWH�WKH�
LQFRPSOHWH�H[WHQVLRQ�RI�WKH�NQHH�MRLQW�DW�WKH�SXVK�DFWLRQ��)LJXUH�
E�VKRZV�DQ�ELJ�VLQNDJH�DW�IXOO�DQG�VWHHS�H[WHQVLRQ��ZKLFK�JLYHV�D�
EDG�ÁRZ�� �WRR�ORQJ�VWULGHV�DQG�ORZ�IUHTXHQFH��

a b

Right Wrong 

Fig.109 �$FFRUGLQJ�WR�:LHPDQQ���
)URP�SRVLWLRQ�,�WR�SRVLWLRQ�,,��LQ�WKH�
ÀUVW�DFFHOHUDWLQJ�VWULGHV�IURP�WKH�
VWDUW���UHDU�OHJ�PXVFOH��KDPVWULQJ��LV�
ZRUNLQJ�LVRPHWULF��VWDWLF��LH��LV�NHHS-
LQJ�DJDLQVW�ZLWKRXW�EHLQJ�H[WHQGHG�
RU�VKRUWHQHG��7KH�IURQW�WKLJK�PXVFOH�
�PDLQO\�P�YDVWXV�ODWHUDOLV��LV�ZRUNLQJ�
FRQFHQWULFDOO\�DQG�LV�LQYROYHG�IRUFH-
IXOO\�WR�D�NQHH�H[WHQVLRQ��ZKLFK�DOVR�
ZLWK�KHOS�RI�WKH�JOXWHXV�SXVKHV�WKH�
ERG\�ÁDW�IRUZDUG�

“ F.... l.... o.... w.... ” Sinkage

I II

III

hamstring
hamstring 

m. vastus lateralis 

m.gluteus 

m. vastus lateralis 
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The rod as a lever and technology model in
jumping and running  

In some positions in ground phase of the sprinter’s stride and 
the take off in longjump the legs and the body together is like a 
VSULQJ\�URG��ÀJ��������7KH�URG�LV�D�OHYHU�ZLWK�LWV�VXSSRUW�SRLQW�RI�
the ankle. The  force from the ground throug the rod during the 
rotation forward-upwards, gives both a braking and by means of 
elastic energy, an accelerating force. 
Upper parts of the rod have higher operating speed (V1) than the 
lower (V2) at the same rotational speed (so called angle speed). 
7KLV�ZRXOG�PHDQ�EHQHÀWV�ZLWK�D�KLJK�FHQWHU�RI
JUDYLW\�SRVLWLRQ�WR�PDNH�EHWWHU�XVH�RI�WKH�SROH�RI�URWDWLRQ��7KH�ÀJ-
ure also shows the vertical and horizontal reaction force from the 
ground. The sprinter / Jumper creates among other things, increase 
in the external lever (see page 22) and higher CG position by that 
left shoulder is lifted higher when the right foot is landing in the 
ground and the opposite relationship right shoulder and left foot 
�VHH�DOVR�ÀJ������S�������)XUWKHUPRUH�WKH�SHOYLF�SRVWXUH�LV�LPSRUW-
ant for the same reason. This especially true for sprinter model B 
(see below) with typically tall posture which creates long levers. 
Previously, the view was that it should creates a body posture in 
neutral position (Figure 112a). Only with slightly forward tilted 
3HOYLV��´$37µ��$QWHULRU�3HOYLF�7LOW����7KLV�FRXOGQ·W�EH�WKH�ZKROH�
WUXWK�JLYHQ�WKH�SUHVHQFH�RI�ZRUOG�HOLWH�VSULQWHUV�ZLWK�VLJQLÀFDQWO\�
APT mode. With respect to Pelvis stance and the push-off leg mo-
tion during we can distinguish  these two sprint models:*: 
$��$37�PRGH��´/RQJ�URWDWLRQ�LQ�WKH�KLS�MRLQWµ��1(mostly incom-
SOHWH�NQHH�H[WHQVLRQ���ÀJ����E��GHWDLOHG�GHVFULSWLRQ p 58)
Advantages:
1. Long distance between muscle attachments of the hamstring   
gives the possibility to high horizontal force in the ground phase. 
���&RQWULEXWHV�WR�D�PRUH�´ÁRDWLQJµ�UXQQLQJ���DQ�LPSRUWDQW�EDVLF
 principle for all sprinting. 
3. Ability to extreme improvement of hamstrings horizontally force   
   production. 
Disadvantage: 5HTXLUHV��ZKLFK�PDQ\�ODFN��H[WUD�VSHFLÀN�VWUHQJWK�
in the hip extensors, with a very well developed posterior chain 
0D\�EH�SRVVLEOH�E\�WUDLQLQJ�VSHFLÀF�WHFKQLFDOO\�ZLWK�3RZHUsprint®
B. PPT-APT-mode. “Short-long rotation in the hipMRLQW�µ� 
 Hamstring (Tidoff, Wiemann) alt.  
 Quadriceps- dominance. Hamstring, isometric antagonistic. 
3HOYLV�ÀUVW�EDFNZDUG�WLOWHG��337�PRGH��3RVWHULRU�3HOYLF�7LOW��)LJ����F� 
Then individually to APT mode. Description p. 59). 
Advantage: 
1. Tall posture with long levers is created (see above)  
2. Energy saving way to develop great horizontal force, both du- 

ring acceleration
 
and maximum

 
VSHHG��DV�LQ�ÀQDO�SKDVH�RI�WKH�UDFH� 

Fig 111 $W�WKH�WRXFKGRZQ�LQ�
IDVW�UXQQLQJ�DQG�MXPSLQJ��OHJ
DQG�WRUVR�WRJHWKHU�FDQ�EH�
OLNH�D�VSULQJ\�URG��

Body posture of the maximum speed. The 
Pelvis, different sprinter models
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Fig 112a 3UHYLRXVO\��WKH�DGYLVH�PRVWO\�KDV�EHHQ�DQ�DWWLWXGH�
� ���IRU�D�QHXWUDO�VWDQFH�ZLWK�VOLJKWO\�IRUZDUG�WLOWHG�SHOYLV�

+
+

V2 V2V1

Acceleration

Brake

Horison-
tal force

Vertical
 force

V1

Fig 112b 6SULQW�0RGHO��$37�PRGH��´ORQJ�URWDWLRQ�
� �� �LQ�WKH�KLS�MRLQWµ� �� �

Fig 112c 6SULQW�0RGHO��337�$37�PRGH��+HUH�´VKRUW�URWDWLRQ�
� �� �LQ�WKH�KLS�MRLQWµ�/RQJ�URWDWLRQ��VHH�S�����DQG������� ��
   

a

cb



Extensive research has been conducted in the United States 
to determine biomechanical differences between perfor-
mance level equivalent:  1)

 a.World record sprinters (Green, Lewis, Burrell and  
   others (9.8s / 100m),
 b. Average international elite (10.3)
 c. American College printers
:H�VKDOO�QRZ�EULHÁ\�VXPPDUL]H�ZKDW�LV�FKDUDFWHULVWLF�IRU�
max speed running of these groups. 
In Figure 113a-k, we can study: 
  Velocity��ÀJ��D��Stride length��ÀJ��E�

 Stride rate��ÀJ��F���:RUOG�UHFRUG�VSULQWHUV�DFKLHYHV�
both higher benfrekvens as stride length (at
body length 180cm, close to 5 steps per second respec-
tively. 2.50m in stride length. 
Ground contact and recovery phase time��ÀJ��G���
Better sprinters have less contact time, while the time of 
the recovery phase, interestingly, is equal for all levels.
 Distance at touchdown between toe and body   
�ÀJ��H���%HWWHU�VSULQWHUV�PDNHV�WKH�WRXFKGRZQ�FORVHU�WR�
WKH�ERG\��1RWH��%XW�QRW�WRR�FORVH��\RX�KDYH�WR�ÀQG�DQ�
optimal position for the stretch shortening cykle (see 
page 15).
The angle between the trunk and upper leg on the 
takeoff��ÀJ��I���%HWWHU�VSULQWHUV�TXLW�WKH�WDNHRII�ZLWK�XS-
per leg nearly in line with the torso.
Knee angle at takeoff �ÀJ��J���%HWWHU�VSULQWHUV�KDYH�D�
partial knee extension, thus with a small knee angle.
Angle, thigh and lower leg at the knee lift��ÀJ��K��DUH�
for better sprinters less. Through a shorter lever, these 
will have a faster knee lift during ground phase.
Knee lift at takeoff��ÀJ��L���7KH�DQJOH�EHWZHHQ�WKH�
torso (back) and the thigh at knee lift  is greater for the 
better sprinters.
Rotational speed (thigh) �ÀJ��M���and lower leg��ÀJ��N��  
Higher rotational speed of the better sprinters.Foot 
horizontal velocity��ÀJ�N���)RRW�VSHHG�FORVH�WR�]HUR�DW�
touchdown of better sprinters.   

Max speed, biomechanical force for a world class 
sprinter  
Fig 114 shows the vertical and horizontal so-called reaction 
force from the track for a world class sprinter. The contact 
time in the ground phase is only approx. 83ms and the ver-
tical force as high as 450kp (= 4500N) in the tought down
��7KHUH�LV�D�EULHI�´SRZHU�VSLNHµ��ZKLFK�VKRUWO\�VXEVLGH�IRO-
lowed by an increasing force  to approx. 350kp. The forces 
are measured with the pressure plate.

Maximum velocity, comparative biomechanical 
DQDO\VLV�RI�ZRUOG�UHFRUG�KROGHU��LQWHUQDWLRQDO�
average level and U.S. College Sprinter

1)Processed from Leichtathletic training 12/99-24. Fig 120j och k (Exercise and Sport,-84)
2) Drawings (.). Diagrammet processed from Ralph Mann, -Leichtathl. train. 12/99, 24 
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Fig. 114 2)

0D[�VSHHG��YHUWL-
FDO�DQG�KRUL]RQWDO�
reaction force
IURP�WKH�UXQZD\�

7KH�IRUFHV�DUH�
PHDVXUHG�ZLWK�WKH�
SUHVVXUH�SODWH�DQG
7KLV�DSSOLHV�WKH�
ZRUOG�FODVV�VSULQ�
WHUV�ZLWK�D�FRQ-
WDFW�WLPH�RI�RQO\�
FD���PV

Fig. 113 %LRPHFKDQLFDO�FRPSDULVRQ��l��:RUOG�%HVW������
II��$YHUDJH���������III��&ROOHJH�6SULQW

Biomechanical studies of
sprinter technology
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Film Analysis of 100m races at the Tokyo World 
&KDPSLRQVKLSV����
$�ÀOP�DQDO\VLV����RI����P�UDFHV�DW�WKH�7RN\R�:RUOG�&KDP-
pionships -91 showed:
1. Changes in stride length and step frequency followed  
� D�SDWWHUQV��ZKLFK�DOORZHG�WR�NHHS�WKH�VSHHG�WR�WKH��ÀQLVK�
��� ,Q�WKH�ÀQDO��/HZLV�KDG�D�VKRUWHU�VWULGH�OHQJWK�DQG�KLJKHU��
 cadence than Burrell.
3. In order to achieve high speed sprint requires high speed
 in the leg backward movement before the touchdown.4. 
High hip extension speed is more crucial than the knee or 
ankle extension shows a comparison between elite and uni-
versity-level sprinter.
E.D. Lemain & D.G.E. Robertsson
+LJK�VSHHG�ÀOPLQJ�����ELOGHU�VHN��DQG�FRPSXWHU�SURFHVVLQJ�
2) (speed, acceleration, momentum, energy and power) of the 
top-ranked elite printers from Canada and the U.S. showed 
(see Figure 119), among others:
D�� +LS�ÁH[RU�ZRUNHG�FRQFHQWULFDOO\�GXULQJ�IRUZDUG�VZLQJ��
 and then developed 4100w.
b. The power output was 3200w for hip extensors (concent-  
 ric work), when the foot pendulate’s downwards against  
 ground.
c.  Knee absorbs (eccentric) when the foot lands (the so- 
 called. foot-strike) with effect 2500W followed by only  
 200w at beginning of the knee extension  .*)
G�� .QHH�ÁH[RUV��KDPVWULQJV�������Z�LQ�WKH�WDNHRII��7KLV��
 muscle activity is needed, explains these researchers, in  
 order to prevent knee hyperextension. **)
The researchers concluded of the the survey:
It should be higher priority than in the past for training 
of hip muscularity before training of the knee and ankle-
joint muscles.
$�2�.RUQHOMXN��1DWLRQDO�&RDFK�8�6�6�5����
113 sprinters incl. national elite participated in the survey
which extensive 600 different biomechanical factors.  It was 
IRXQG�DPRQJ�RWKHUV�WKDW�DW�WKH�IRRW�VWULNH��DQG�WKH�ÀUVW�SDUW�
RI�WKH�JURXQG�SKDVH��ÀJ����F���GHYHORSHG�PD[LPXP�IRUFH�
torque in the ankle and hip. Ankle will then take up the  ec-
centric force***) with the 8400w. The researchers concluded 
that the ankle had a crucial role.
Main technical requirements to achieve high top speed, ac-
cording to researchers:
���5HGXFWLRQ�RI�WKH�EUDNH�LQ�WKH�ÀUVW�SDUW�RI�JURXQG�SKDVH
2. Emphasize the role of hip extensor to reduce the speed  
 loss in the ground phase.
3. High acceleration of the thighs so that they cross each  
 other with the highest possible speed ****)

1) Processed from a new stud. in Athletics, london 7(-92, 1, s. 47-52
2) Canadian study. Processed from Track and Field Journal, 13-17,-89 

Fig 119 'RPLQDQW�PXVFOH�JURXSV�GXULQJ�WKH�SKDVHV�RI�
� �VSULQWHU�VWULGH�

*) The last low value indicates that the quadriceps mainly have a dampening   
 function ie. helps to prevent a large sinkage during braking phase
**) Wieman and Tidof have another more compelling explanation (p. 53). 
***) Is also called amortisation. The ankle suppresses elastic and prevents ex 
  cessive sinkage (p. 49).
****) Heel kick close to the seat, among other things, contributes to this. see  
 also p. 51;
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Ralph Mann and Paul Sprague 1)

���8�6��VSULQWHUV�RI�KLJK�FODVV�ZDV�ÀOPHG�DW�WRS�VSHHG�
after 40m acceleration distance. Filming with 150bilder/
sek and computer analysis revealed the following facts 
about the muscles that dominate the different phases in a 
sprinter’s stride. 
��� +LS�H[WHQVRUV��JOXWHXV��KDPVWULQJ��DQG�NQHH�ÁH[RUV��
 (hamstring) dominated when the leg pendulate’s 
 downwards (Fig. 116, A - Td) against the ground   
� DQG�GXULQJ�WKH�JURXQG�SKDVH·V�ÀUVW�SDUW��7G���%��7KLV��
 suggests sprinter attempt to reduce the brake at the
 foot-strike by these muscles pull the body over the  
 touchdown point   
 ( better: With these muscles rotate the legs so that the   
ERG\�LV�GULYHQ�RYHU�WKH�WRXFKGRZQ�SRLQW�
� 
 To achieve this requires considerable muscular effort  
 from the hamstring. Here is also the greatest risk of  
 injury. Statistically has an elite sprinter greater risk of  
 injury than a less good sprinter according to the 
 researchers.
2. The ground phase’s center (B) the hip extensors (glu- 
� WHXV��LV�FKDQJHG�WR�WKH�KLS�ÁH[RUV�WR�URWDWH�WKH�WRUVR��
 forward, **)
 Hamstring dominate the end of take-off’ to according  
 to scientists prevent knee hyperextension .***)  
  
 
 3. It was found that the contribution from the ankle ex- 
 tensors (the gastrocnemius and soleus) to the take-  
 off power, is slightly less than previously thought.  An-  
 kle strength was namely also important for to sup-  
 press the foot-strike to prevent excessive great sinkage.  
 Similarly seems knee (quadriceps) absorbing .****).

The researchers argued in summary that:
 
 +LS�H[WHQVRUV�DQG�ÁH[RUV�SURYLGHV�WKH�JUHDWHVW���
 contribution to high running speed. 
� ,PSRUWDQW�LV�DOVR�WKH�ERG\·V�ORFDWLRQ�DW�IRWLVlWWQLQJHQ���
 with an optimal distance, foot - center of gravity (see  
� S������ÀJV����(���)RU�MXVW�WKH�ULJKW�VWHS�OHQJWK��WKH��
 foot is placed in front of the body, giving rise to an 
 inevitable brake. This can be reduced by the foot’s  
 horizontal speed in the running direction is reduced to  

1)2) Processed from Exercise and Sport 2, -83 Drawings ()

Fig 116 ���WRS�UDQNHG�8�6��VSULQWHUV�ZHUH�LQYHVWLJDWHG�LQ
� �PD[�VSHHG�����8SSHU�JUDSKV�VKRZ�SRZHU
� �PRPHQW�DQG�WKH�ORZHU�UHDFWLRQ�IRUFH�IURP
� �JURXQG�DV�PHDVXUHG�E\�SUHVVXUH�SODWH��
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�� 7RP�7HOOH]�GHQLHV�VWURQJO\�WKH�H[SUHVVLRQ�´SXOOµ��LQ�KLV�GHVFULSWLRQ��
� RI�VSULQW�WHFKQLTXH�RFFXUV�VLPSOH�WHUPV��´1DWXUDOO\�VWULNH�WKH�JURXQG��
� DQG�SXVK�µ�PDNH�F\FOLQJ�PRYHPHQWV�´��HWF��In Houston they talked about  
 Quadriceps as most important musclegroup - hamstring antagonist.
**)  Iliopsoas is braking the rotation of the leg (femur), which lead to
 the trunk is rotated forward. (See also p. 50). Iliopsoas will also be 
 stretch here reactive which speed up the swingleg after toe-off.   
***) Wiemann and Tidoff explains instead hamstring muscle group with
 adduktor magnus starring role in the take-off. Hamstring works as knee  
 and hip extensors. see page 54).




��$QNOH��DQG�NQHH��H[WHQVRUV�DV�VXFK�FRQWULEXWHV�WR�D�ÁRDWLQJ�UXQ�
� �QLQJ��VHH�S������ÀJ������,Q�RUGHU�WR�KDYH�WLPH�WR�GHYHORS�VXIÀFLHQW��
  power during the short time touchdown occurs, contributing stored  
� �HODVWLF�HQHUJ\�DQG�VWUHWFK�UHÁH[�WR�WKLV��

Braking phase Accelerating phase

Accelerating phaseBraking force
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G. Tidow and K. Wiemann1) 
Sprinter technique is explained in a simple way of Ger- 
man bio-mechanics, mainly thanks to a new anatomical 
approach. It has been demonstrated that the posterior 
thigh muscles hamstring (ha) and adduktor magnus 
 (am), in a natural motion works as hip extensors and 
that these muscles in the take-off at the upright running 
position also could extend the knee joint. A compara- 
tive study (see page 55) between sports students without 
VSHFLÀF�WUDLQLQJ�DQG�HOLWH�VSULQWHUV�VKRZHG�WKDW��DPRQJ�
other things. 
Fig 117 shows a model2 )of gluteus maximus (gm) and 
the posterior leg muscles hip extension function1). You 
FDQ�PHWDSKRULFDOO\�WKLQN�RI�PXVFOHV�DV�´UHLQVµ��,I�WKHVH�
be abbreviated, the leg is brought backwards and its 
rotational speed at touchdown increases (see page 
53). This reduces the horizontal deceleration at the 
front ground phase (see detailed analysis, sid.57). The 
movement is accelerating during the trailing phase and 
hamstrings is continuing its work with the help of stored 
HODVWLF�HQHUJ\�DOO�WKH�ZD\�XS�WR�¶KHHO�NLFN�´DIWHU�WKH�
take-off. When the foot lands in path am is disconnect-
ed  while gm together with the front thigh muscles and 
ankle extensors are cushioning the impact and  prevents 
H[FHVVLYH�VLQNDJH��LH��PDLQWDLQV�´ÁXHQF\µ��DXWKRU����
5HFHVVHG�ÀJXUH��$XWKRU�2)): What an amazing design. Small leverage lh 
gives with short muscle contraction lm a relative large movement lr  
when the leg is rotated backwards. Large force F is  possibly produced 
because hamstrings also pennate design (biceps femoris and semimembranosis, 
unipennated 3)  

Figure 118 provides a further description of muscle 
function. Here you can clearly see how ha and am are 
shortening (please measure by yourself with a ruler, au-
thor.) While the model shows the muscles that dominate 
the work. (Darker = more toned dominance). At the end 
of the stance phase (see also page 57) am is connected 
and help ha to extend in both hip- and knee joint. The 
front thigh muscles (rf and vm) take part only slightly, 
which overturns all previous ideas of an accentuated 
role of these muscles, as extensors in the upright sprint 
SRVLWLRQ��H[FHSW�ÀUVW�DFFHOHUDWLQJ�VHFWLRQ�RI�WKH����P�
race  (see page 51). 

Fig 117 6FKHPDWLF�PRGHO����RI�P�JOXWHXV�PD[LPXV��KDPVWULQJ�DQG�P�DGGXNWRU�� �
� �PDJQXV�KLS�H[WHQGLQJ�IXQFWLRQ��
 

Fig 118 7KH�ÀJXUH�VFKHPDWLFDOO\�VKRZ�WKH�VWDQFH�SKDVH�DW� �
�PD[LPXP�VSHHG�VSULQWHU�PRGHO�/RQJ�´URWDWLRQ�LQ�WKH�KLS�MRLQWµ�
�´3XVKµ��3HOYLV�WLOWHG�IRUZDUG��WKH�$37�SRVLWLRQ��VHH�SDJH������
7KH�SULQFLSOH�RI�WKH�KDPVWULQJV�DQG�DGGXFWRU�PDJQXV���7KH�
PRUH�JUD\�PXVFOHV��WKH�PRUH�LW�LV�DFWLYDWHG��)RU�H[DPSOH��
���+DPVWULQJ�ZLWK�GDUNHU�WRQH�LV�DFWLYH�GXULQJ�WRXFK�GRZQ�DQG�
� WKH�ZKROH�VWDQFH�SKDVH��,WV�PXVFXODU�DWWDFKPHQWV�
� DSSURDFKLQJ�HDFK�RWKHU�LH��PXVNHOQ�VKRUWHQHG�WKURXJKRXW��
� VWDQFH�SKDVH��,I�\RX�ORRN� DW�LW�DV�D�VLPSOH�PHFKDQLFDO�
� PDFKLQH�LW�ZLOO�IHDWXUH��
� 7KH�ZKROH�OHJ��ZKLFK�IRUPV�D�OHYHU�ZLWK�KLS�DV�URWDWLRQ�D[LV���
� LV�DQG�URWDWHG��VFUHZHG��EDFNZDUGV�E\�WKH�PXVFOH�SRZHU��
����*OXWHXV�DQG�TXDGULFHSV�LV�DFWLYH�LQ�EHJLQQLQJ�DQG�DGGXNWRU�
� PDJQXV�LQ�WKH�ODWH�VWDQFH�SKDVH��

1) Processed from Die Lehre der Leichtathletic,  -94, 8 
2) modif. Wieman. Die Lehre der Leichtathletic, -89, 27 
3) Unipennated: Biceps femoris long head och semimembranosis. Parallel-  
�ÀEHUG��6HPLWHQGLQRVXV�DQG�%LFHSV�IHPRULV�VKRUW�KHDG���.XERWD��-XQ���������
 Architectural and functional properties of the semitendinosus muscle.)    
 (Woodley, Mercer. Hamstring muscles: Architecture and Innervation.) 54 



Interesting older German EMG analysis of
VSULQWLQJ��:LHPDQQ�DQG�7LGRZ��1)2)

(0*�WHVW�
��WR�LQGLFDWH�´PXVFXODU�HIIRUWµ�ZDV�SHUIRUPHG�RQ�
12 sprinters of the German elite class incl. German champi-
ons The compilation
(Fig. 120) in graph form, we will now analyze. 1)

Phase 1-8: Large activity remaining in the adducts magnus   
    (am) and hamstring (ha). This and mechanical   
� � �HQHUJ\�OHDGV�WR�DQ�DXWRPDWLF�KlONLFN��

�
Phase 4-12: Front thigh muscle, m.rektus femoris (rf) and   
   am giving force to the knee lift
3KDVH������$QNOH�ÁH[RU�P�WLELDOLV�DQWHULRU��ta) is activated   
    to bend the ankle at heel kick. The foot’s center   
   of gravity will then more close to the axis of 
   rotation of the hip joint which lead to higher   
   rotational speed at the forwards commuting of    
   the knee
3KDVH�������7KH�NQHH�MRLQW�LV�´RSHQHGµ�ZLWK�D�´UHOD[HGµ�� �
    help of m.vastus medialis (vm)
Phase 12:   Gluteus (gl), am and ha brakes the knee lift and  
   start the downwards commuting.
Phase 12-16: Knee joint is opened by the  lower leg’s inert-  
   ness ie. the movement of the thigh leg is trans-
   fered to lower leg***)  
)KDVH����� �6WDELOL]HG��À[HG��RI�WKH�NQHH�MRLQW�H[SORVLYH�E\���
   vm assisted by am and ha. An important 
   technique detail means that just before touch-
   down ta bends the ankle and the gastrocnemius 
   (ga) becomes tense.
Phase 17:   ta relaxes and ga extends ankle so outer edge   
   of the footplate is dipped in the track.****) 
Phase 18:  At ground phase front part gl, vm, rm and ga is   
   dampening and avoid excessive sinkage. 
Phase 14-20: ha rotates the leg back down and gives the   
   foot a speed close to zero prior to landing. ha 
   is continuing work throughout the ground phase.  
� � ��VHH�ÀJ������S�����
Phase 19-20: Ground phase’s posterior with the take-off.   
   ha get help of am and these muscles also ex-
   tends in the knee joint.
Phase 13-17: During the start steps before the upright 
   posture the quadriceps dominates as the knee 
   and hip extensors (Wieman, p. 49) with vm as 
   representative from the vastus muscle group in   
   this EMG study.
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Posterior  Front
part

R e c o v e r y p h a s e 
från-
skjut
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commuting commuting

Downwardsknee lift 

German 100 /
200m sprinter 
champion

12 elite sprinters, 
10.57 on average

b Max speed First accelerating start steps

m.adduktor magnus

m.gluteus

hamstring

m.vastus medialis

m.rectus  femoris

m.tibialis anterior

m.gastrocnemius

Fig 120 (0*�WHVW����RI����*HUPDQ�HOLWH�VSULQWHUV
�� ��S�UHF�������RQ�DYHUDJH���EODFN�EDUV�
� �*HUPDQ�FKDPSLRQ��S�UHF����������JUD\�EDUV�
� �7KH�ÀUVW�VSULQW�VWHSV�IURP�WKH�VWDUW��OLJKW�JUD\�ÀHOGV�� �
� �$FWLYLW\�/HYHO�� �HIIRUW��ZDV�PHDVXUHG�DV���RI�LVRPHWULF
� �UHI��WHVW�YDOXH�������I|U�WKH�PXVFOHV�EHORZ��VH�EHORZ�ÀJ�

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Ground phase start steps

Ground phase
 max. speed

Ground phase 

20 phases. Every phase circa 25ms  

2) The four upper diagrams modif. Leichtathlethic -94, 7 och -94, 8
 The tree lower modif, Schöllhorn -95, 43.These lacks measure values 
  and levels may therefore not be compared with upper values   

   

D��P�JOXWHXV�PD[LPXV�RFK�KDPVWULQJ��E��P�YDVWXV�PHGLDOLV
F��P��DGGXNWRU�PDJQXV

All these four muscle groups were activated more than 100%.
(M.adduktor magnus 250%!)

D� E� F�

250%

150%

150%(aktivity level)

150%

*) Interesting of the reason that even adductor magnus is EMG tested   
 and that hamstrings are active during the entire ground phase. Would  
 love to see the corresponding EMG test of Jamaica’s elite today.
**) Thus you should not deliberately emphasize this. This would only  
  imply a tight race. The diagramme indicates a relaxed running by 
  the German champion. Muscle effort is sparingly optimized and 
  occures in the right contraction’s succession ie. with better coordi-
  nation than other sprinters.



��Here it is important with relaxed knee joint (according to Tom  
  Tellez). Commuting out of the bone is then faster, which when it will 
� �EH�EUDNHG�VLQFH�MXVW�EHIRUH�ODQGLQJ�FUHDWHV�DQ�LQWHQVH�´VWUHWFK�VKRU�
  tening” (p. 15) for force to  backward speed increase of the foot.
****)Down commuting of the leg occurs with an accelerated motion, but  
� �ZLWK�WKH�´IHHO�RI�ZDLWLQJ�RQ�WKH�UXQZD\µ�EHIRUH�WKH�H[SORVLYH�DFWLRQ��
� �MXVW�DERYH�WKH�UXQZD\�DQG�´1DWXUDOO\�VWULNH�WKH�JURXQGµ�DFFRUGLQJ�
  Tom Tellez is excellent education to learn the correct rhythm in the  
  recovery phase. The commuting must be very relaxed but with a clear  
  accelerated movement at end. This seems the German champion 
  succeeds excellent in contrast to the other, which seems force 
  violently with, among others. overactivity by am. which is whipping 
  in his leg from an elevated position (the risk of injury increases then  
  too dramatically).

1) Processed from Leichtathlethic -94, 7 och -94, 8 samt Schöllhorn, 95, 41-42



Wheel model for sprinter running The wheel can be used as a model for the sprint race. 
With our previous sense of elastic rods that rotates in  the 
KLS�DQG�DQNOH��PDGH�RI�HODVWLFDOO\�´IHDWKHU�VWHHOµ�VKRXOG�
we construct our model as Figure 121 shows.Higher 
situated wheel axle (h2) is equivalent to a higher center 
of gravity mode and multi-spokes higher step frequency 
(Fig121b). The pendulum rhythm in sprinter running, 
with a rapid and accelerating touch down and ground 
phase followed by a calmly gathering pendulum phase *) 
�VHH�S������ÀJ����'��FRUUHVSRQG�WR�D�JHDU�ZKHHO��VRP�VWHS�
by step cogs around.**) 7KH�ÀJXUH����D�EHORZ�VKRZV�RF-
FXUUHQFH�RI�WKH�EUDNH�IRUFH�DQG�ÀJ����E�WKH�LPSRUWDQFH�
of the pendulum leg impulse (Fp) and foot’s force (Ft) 
LQ�WKH�´WRXFK�GRZQµ��,Q�ÀJ����F�WKH�EUDNLQJ�IRUFH�KDYH�
EHHQ�FUHDWHG�E\�WKH�ZHLJKW�UHVLVWDQFH�DW�VSHFLÀF�WUDLQLQJ�
of strength for sprinter running. Figure 122a-d shows 
examples of such a strength training.

The biomechanical researches about sprinter running 
from different countries like USA, UK, Russia, Canada 
and Germany, which we have treated here, have been 
consistent conclusions that: 
� +LS�H[WHQVRUV�DQG�ÁH[RUV�DUH�PRVW�LPSRUWDQW�IRU��
 the development of high speed running. 
� <RX�VKRXOG�ÀQG�VSHFLÀF�WUDLQLQJ�WHFKQLTXHV�WR�WUDLQ��
 the strength particularly in the posterior thigh muscle  
� JURXS��VHH�H[DPSOH�ÀJ����D�G�DQG�S�������

Vector Force Analysis

Fig 121 :KHHOPRGHO�IRU�VSULQWHU�UXQQLQJ

h1

Running direction
´(ODVWLF�VWHHO�VKDQNµ

Centre of gravity

a b

h2
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Fig 123a VKRZV�HPHUJHQFH�RI�WKH�EUDNH��
� ��� SRZHU��)ƫ���
 
 

Fig 123b VKRZV�WKH�LPSRUWDQFH�RI�SHQGX��
� ��� OXP�OHJ�LPSXOVH��)S��DQG�WKH��
� ��� IRRW�IRUFH�DJDLQVW�WKH�WUDFN��)W����
� ��� DW�WRXFK�GRZQ��%HORZ�ZH�FDQ�DV��
� ����FRPSDULVRQ�DOVR�VWXG\�D�SUHVXUH��
� ��� JUDSK�RI�PD[LPXP�VSHHG�VSULQW�

Fig 123c VKRZV�DQDO\VLV�RI�WKH�IRUFHV�LQ�EUDQFK���
� ���� VSHFLÀF�ZHLJKW�WUDLQLQJ��([DPSOH��� �
� ���� 5HVLVWDQFH�UXQQLQJ���VSULQWHU�UXQQLQJ���
� ���� LQ�D�SRZHU�VSULQW�PDFKLQH�

 7KH�KRUL]RQWDO�EUDNLQJ�IRUFH��)ƫ��KDV�EHHQ�UHSODFHG�E\�D�
weight resistance (Fbr) eg barbell weight in powersprint 
mashine. Now the force torque from the leg’s rotation in the 
hip  must be greater than the weight’s braking torque to create 
a running movement. With optimal load (maximum and rapid 
weight training, see page. 30-32, and 57) in a power sprint ma-
chine (Fig. 126-128) can mimic a sprint stride and effectively 
WUDLQ�WKH�KLS�H[WHQVRUV�VSHFLÀFDOO\�
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(Braking force,
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P1

P

Ftx

Ftx

Fy + Fty 

Ftx > Fbr
G=

Gravitational
force

Fbr  (Force moment from
leg rotation of the hip)

Horizontal

Vertical

�.S� Braking force
Accelerating force

200

400

300

100

50

50
+

0.04 0.06 0.08 (sek)0.02

+

5HDF�
WLRQ�
force:

Accelerating forceBraking force

Fpx + FtxFt

Fp

Ft Fp
Fty + Fpy

Fpx + Ftx

Fy + Fty + Fpy

Fµ =
Braking

force

 :KHQ�WKH�IRRW�LV�ODQGLQJ�LQ�WKH�WUDFN��´WRXFK�
down”) we have the following components 
to study:
Fµ = Braking horizontal friction force  
)V� �)RUFH��IURP�´SLYRWLQJ�URGµ���UHDF�� �
 tion force from the track
Ft = Reactions force at touch down
Fp = Reaction force from pendulum leg
Fy = Force component in vertical direction
G = Gravitational force P = Press komponent
v = Horizontal speed
v1 = Rörelsekomposant   

v  

Fµ 
Braking 

force)

Fy (Force component 
in vertical direction)

P1

P= Press component

Fs
“Pivoting

� � 5RG�IRUFHµ��
   = P+P1) 

G=
Gravitational 

force

Horizontal speed

v1  

v


��&DOOHG��´5HFRYHU\�SKDVHµ�

��´ELF\FOLQJ�PRYHPHQWVµ��
´1DWXUDOO\�VWULNH�WKH�JURXQGµ��´:DLW�IRU�WKH�JURXQGµ��´UHOD[�
your shoulders and kneejoints” excellent teaching tips by 
Tom Tellez about the perfect pendulum rhythm acc. our 
wheel model.     

Important conclusions by biomechanical
research of sprinter running. Trainings forms

Fig 122 6RPH�VSHFLÀF�VWUHQJWKHQLQJ�H[HUFLVHV�IRU�WKH�VSULQWHU�VSHHG

Uphill slope

With parachute

Sprinter running with weight sleigh

Powersprint mashine

a b

c d

Fs
“Pivoting    
5RG�IRUFHµ��
  

Fs
“Pivoting

� � 5RG�IRUFHµ��
   = P+P1) 



Fig 125a +HUH�WKH�LQWHUQDWLRQDO�HOLWH�VSULQW�DW�KLJK�OHYHO��´:LQG�6SULQWµ�LQ�6XQGVYDOO�LQ�������1RWH�KRZ�WKH�KHHO�LV�SUHVVHG�GRZQ  
� ��� DQG�D�VKRUW�PRPHQW��KHUH�FDSWXUHG�E\�WKH�KLJK�VSHHG�FDPHUD��LV�WRXFKHG�WKH�JURXQG��

53

Powersprint

Fig 125b ,Q�RUGHU�IRU�6ZHGHQ�WR�HYHU�JHW�D�ZRUOG�FODVV�VSULQWHU��LW�LV�SUREDEO\�QHHG��IRU�D�PRUH�HIIHFWLYH�ZD\�WR�WUDLQ�VSHFLÀF�� �
� ��� VWUHQJWKV�IRU�VSULQW�VUXQQLQJ���$XWKRU���6XFK�D�´GULYLQJµ�VSULQW�VWHS�DV�VKRZQ�DERYH�UHTXLUHV�D�XQLTXH�KRUL]RQWDO�SRZHU��
� ��� SURGXFWLRQ�RI�KLS�VWUHWFKHUV��HVSHFLDOO\�KDPVWULQJ��)RU�WKLV�SXUSRVH���WKH�DXWKRU�VLQFH�WKH���·V�KDV�H[SHULPHQWDOO\��
� ��� GHYHORSHG�WKH�3RZHUVSULQW�PDFKLQH��3DJH����DV�ZHOO�DV�WKH�IROORZLQJ�SDJHV���������GHVFULEHV�SRZHUSULQW�H[HUFLVHV�
� ��� IRU�WKH����P�UDFH·V�YDULRXV�SKDVHV�DQG�DOVR�D�FRXSOH�RI�JHQHUDO�H[HUFLVHV�

,Q������.HQQHWK�5LJJEHUJHU�
GHFLGHG�WKDW�IRU�0DOP|·V�
,QGRRU�KDOO�IRU�WUDFN�DQG�
ÀHOG�WR�SXUFKDVH�WZR�SRZHU��
VSULQW�PDFKLQHV��6LQFH�WKHQ�
0DOP|·V�WUDFN�DQG�ÀHOG�KLJK�
VFKRRO�DV�D�FRPSOHPHQW�KDV�
XVHG�3RZHUVSULQW�LQ�DGGLWLRQ�
WR�RWKHU�VWUHQJWK�WUDLQLQJ�
DV�2O\PSLF�OLIWLQJ��(YHQ�
VHQLRUV�VSULQWHUV�KDYH�XVHG�
WKH�PDFKLQH�DQG�KHUH�RQ�
WKH�SLFWXUH��WKH����P�HOLWH�
VSULQWHU�$QWRQ�6LJXUGVVRQ�LV�
WUDLQLQJ�DFFHOHUDWLRQV�WKDW�
FRUUHVSRQG�WR�VSULQW�WHFKQR�
ORJ\�GXULQJ�WKH����P�UDFH�
ÀUVW������P�

6WHIDQ�7lUQKXYXG��PXOWLSOH�6ZHGLVK�FKDPSLRQ��KHUH�
LV�WUDLQLQJ�ZLWK�+nNDQ�$QGHUVVRQ·V�3RZHUVSULQW�
0DFKLQH��DµK\EULGµRI�WKH�3RZHUVSULQW�PDFKLQH�IRU��
JHQHUDO�VWUHQJWK�WUDLQLQJ�RI�JOXWHXV�DQG�KDPVWULQJ�
ZLWK�JUHDW�PRWLRQ�ZLGWK��7KLV�FDQ�DOVR�HIIHFWLYHO\�EH��
FKLHYHG�ZLWK�H[HUFLVH� �GHVFULEHG�LQ�SDJH�
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(18), 39,40.



Acceleration I    
Fig.126 shows training of the acceleration phase in the deep position du-ring the 
ÀUVW�WZR�VWULGHV��7KH�IRRW�LV�LQVHUWHG�MXVW�EHKLQG�WKH�FHQWHU�RI�JUDYLW\�ZLWK�WUXQN�LQ�
35-45 ° inclination. Typically the foot hits the track easily turned outwards , with 
VR�FDOOHG��´6NDWLQJµ���VHH�FRORU�LPDJH���WKH�IRRW�VROH�ÀUVW�PHHW�WKH�WUDFN�ZLWK�WKH�
inner edge (Note the gradual foot insertion to the outer edge toward the midline). The 
SXVK�RII�RFFXUV�ÀUVW�ZLWK�WKH�OHJ��DIWHU�WKH�IRRW�HGJH�LQVHUWLRQ�DQG�KHHO�FRQWDFW��LV�
inward rotated over big toe possibly help of the adductor magnus. Pelvis tilts back-
wards explosively to PPT position (see page 50). Muscle work is switched to the 
quadriceps, which ending the push off with hamstring as antagonist (acc. Wiemann 
works hamstring here isometrically. (Page 49).In this very short and rapid steps (a-b)  
stretch-shortening phase function works (see page function 15) in which the elastic 
HQHUJ\�WRJHWKHU�ZLWK�VWUHWFK�UHÁH[�DQG�PXVFOH�VSHFLÀF�IRUFH�EULQJV�DERXW�WKH�´VWDUW�
force” in the push off. During acceleration I (15-25m), the following running strides 
occurs with the foot insertions  gradually closer to the lower body center of gravity 
(Fig. 127). The following occurs from the second step gradually:
1. Opening the angles in the knee, hip and ankle joints.
2. Lower leg angles to the track are moving towards 90 °, ie, vertical position.
3. The upper body is lifted to a raised position.
4. Pelvis tilted more towards the APT mode in the push off, which already from step 
two is done with relatively incomplete knee extension, (page 44, 50)
5. The hip extensors, primarily hamstring gets progressively more dominant function
Acceleration II and Maximum speed. 
6SULQW�PRGHO��$37�PRGH��´/RQJ�URWDWLRQ�LQ�KLS�MRLQWµ��
)LJXUH���������D�DQG�E��VKRZV�WKH�WHFKQLTXH�LQ�´$FFHOHUDWLRQ�,,µ�DQG�0D[LPXP�VSHHG�
with upright posture and lower leg in the vertical position at touchdown. Maximum 
VSHHG�LV�EXLOW�XS�E\�WKDW�WRXFK�GRZQ�LV�GRQH�ZLWK�D�VHQVH�RI�´ZDLWLQJ�IRUµ�WKH�JURXQG�
VPRRWKO\�ZKLOH�VWHS�IUHTXHQF\�DQG�VSHHG�LQFUHDVHV��7KH�IRRW�VKRXOG�QRW�EH�ÁRJJHG�
from an elevated position in the ground1��$W�ORZ�DOWLWXGH�VWDUWV�WKH�´QDWXUDO�VWULNHµ�
DJDLQVW�WKH�JURXQG�ZLWK�PXVFOH�SUHORDG�IRU�LPSDUWLQJ�HODVWLF�HQHUJ\��´HODVWLF��FDWDSXOWµ�
charging).  At relaxed sprint  the foot naturally is turned angled down and out and the 
HGJH�RI�WKH�IRRW��PHHWV�WKH�WUDFN�ÀUVW��,W�DSSOLHV�WR�GXULQJ�WKH�$FF�,�ZLOO�ÀQG�D�SRVLWLRQ�
at touchdown ie with optimal Tpkt position where the foot successively meet under 
DQG�ÀQDOO\�LQ�IURQW�RI�&*2. During acceleration II to maximum speed (Elite: At 50-
70m) and the rest of the race, foot optimally is landing in front CG. Muscle Work can 
now also occur as technology model: $37�PRGH��/RQJ�URWDWLRQ�LQ�KLSµ�ÀJ����D�
a-d : The whole leg is Rotated backward by the force of mainly gluteus, 
 (a-f) hamstring and the adductor magnus. Hamstring extend hip in such  
  a rapidly rotating and accelerated motion as possible. Then Pelvis  
  all the time are forward-tilted (APT mode, page 50), the leg, using 
    the posterior muscular chain force, is rotated long behind the hip 
    HYHQ�ZLWK�D�FHUWDLQ���DOEHLW�LQFRPSOHWH�ÀQDO�NQHH�H[WHQVLRQ� 
    This applies particular in max pfase ( Figure 129). Some sprinters also   
 in the world elite level, is using this technology throughout the race. 
 This and following technique model use relatively high knee lifts with   
 early knee forward swing (early heel passage of the support leg knee). 
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4.2Tactics example för100m. Sprint models.
3HOYLV�SRVWXUH��3RZHUVSULQW���VSHFLÀF
strength training for sprint and jumping. 

a d e fD· c

Fig. 129b �6SULQW�PRGHOO��337�$37�PRGH��
� � �´/RQJ�URWDWLRQ�LQ�WKH�KLS�MRLQWµ��VHH�DOVR�S��������

Fig. 129a �6SULQW�PRGHO��$37�PRGH��
� � �´/RQJ�URWDWLRQ�LQ�WKH�KLS�MRLQWµ�

1) Tom Tellez recommendatio. Individual deviation can probably also be useful
2) Individual touchdown may be slightly longer in the front CG. Applies Primarily to extreme hamstring strong sprinters
(Please see the youtube movie with Christophe Lemaitre’s 9.92s race, (author))

3RZHUVSULQW��$FFHOHUDWLRQ�,

�3RZHUVSULQW��$FFHOHUDWLRQ�,,�DQG�PD[�SKDVH��VSULQW�PRGHO��$37�PRGH��´/RQJ�
�URWDWLRQ�LQ�WKH�KLS�MRLQWµ�

a d e fb c

3RZHUVSULQW��$FFHOHUDWLRQ�,�,,

f g he ba ec d



6SULQW�PRGHO��337�$73�PRGH��´6KRUW�RU�ORQJ�URWDWLRQ�LQ�WKH�KLSµ��
This technology model (Figure 129b, 130, 131) can be described as follows:
f-h: In the swingphase Pelvis is backward tilted from APT to PPT mode 
� LQ�WKH�WRXFKGRZQ��D�E���7KH�PRYHPHQW�SURYLGHV�D�´6WUHWFK�6KRUWHQLQJ�
 Cykle (SSC)” in the hamstring for increased rotational (angular) speed.   
D�F��,Q�WKH�WRXFKGRZQ��D�E��LV�DOVR�D�66&�LQ�KDPVWULQJ�ZKLFK��ÀUVW�LV�ZRUNLQJ��
 isometrically with stabilization of the knee joint and the femur in conec- 
 tion to the pelvis. With a focus on PPT location it now will be a short  
� VORZHU�URWDWLRQ�RI�WKH�OHJ�ZLWK�3HOYLV�DV�DQ�´H[WUD�H[WHQGHGµ�OHYHU��7KH��
 back (erector spinae) and gluteus driving the leg backwards, together  
 with the pelvis forward tilt, as a high lever (With a high positioned axis  
 of rotation above the pelvis).
c-e: The back and iliopsoas muscle work also causes that Pelvis is tilted even  
 more towards the ATP position, the hamstring then will be stretched  
� VRPH���´DV�WLJKWHQLQJ�D�ERZµ��ZKLFK�DJDLQ�SURYLGHV�DQ�66&�ZLWK�D
� ÀQLVKLQJ�DFFHOHUDWHG�URWDWLRQ�LQ�WKH�KLS�MRLQW�
However, this backward rotation of the leg can also as an alternative be per-
formed in a longer distance to produce large horizontal force. 
D�E����%HFDXVH�RI�WKH�WKH�KLJK�SUHVVXUH��VHH�GLDJUDP�ÀJ�������WKDW�RFFXUV��
� ZKHQ�WKH�PDFKLQH�LV�DWWDFNHG��WKH�À[HG�DQNOH�MRLQW��VKRXOG�EH�VHHQ�
� DV�D�´VWLIIµ�HODVWLF�VWHHO�VKDQN��ZLOO�EH�VOLJKWO\�FRPSUHVVHG��
 The heel is (see the picture below) pressed against the track an touch it. 
 b-e: Pelvic that extra leverage, starts tipping forward toward the APT mode.    
� 7KH��ÀQDO�SXVK�RII�LV�GRQH�DV�SUHYLRXVO\�GXULQJ�WKH�GULYH�SKDVH��ZLWK��
  that the leg, after the foot edge insertion and heel contact, is inward  
 rotated over the big toe - this possible with help of the adductor   
 magnus. A slightly more forward tilting of the pelvis  now allows place  
 in the hip joint for a longer accelerated rotation, where great power can  
 be developed mainly by hamstring and adductor magnus. Important is a  
� FHUWDLQ�´ORFNHG�NQHH�MRLQWµ��VR�WKDW�OHJ�IRUPV�DQ�HODVWLF�OHYHU�EHIRUH��
� ÀQDO�SXVK�RII��6HH�)LJ������E�DQG�DOVR�SDJH�����ÀJ������1RWH�WKH�´URFN�
 ing” motion of the trunk as previously described on page 47. 
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Fig. 131 �6SULQW�PRGHO��337�$37�PRGH��´6KRUW�URWDWLRQ�LQ�WKH�KLS�MRLQWµ�

*) Note! See pages also p. 50 and 53, which 
describes iliopsoas  braking effect on the 
rotation of the femur in  last part of stance 
(d-e). This results in the upper torso part is 
rotated forward with increased velocity (see 
page 50). Iliopsoas stretch even reactive which 
favors a quick knee lift after the toe-off. This 
technique should be particularly suitable for 
this sprintmodel.
**) Instead, it primarily is hamstring which 
extending the hip for today’s top sprinters, 
completely according Wiemanns theory (page 
54) (which the author with this book attempted 
to describe)

 Sprint model: 337�$37�PRGH�VKRUW
��DOW��ORQJ�URWDWLRQ�LQ hip, Quad-
 riceps dominance. Hamstring, isometric antagonistic function.
    The vertical pressure in touchdown and front support phase may also require 

a certain eccentric muscle work of the quadriceps. Fig. 131 shows PPT-APT 
mode with short rotation in power sprint training, but also that hamstring works 
isometrically, as an antagonist during the entire ground phase. s in the drive phase  
then muscle work can be done by the quadriceps dominance in the extension 
of  knee and hip in the push off. This technique has been most common in the 
US and is probably also the traditional, which most coaches still is teaching. It 
also corresponds well with the activation of the quadriceps in clean alt. snatch 
hanging. As Figure 130 shows,  it also  can be applying with Power Sprint ex-
cellent with the advantage that even coordination in the hip side can be trained  
VSHFLÀFDOO\���)RFXV�RQ�WKH�KRUL]RQWDO�IRUFH�DOVR�DSSOLHV�KHUH�ZLWK�SRZHUIXO�LVR-
metric hamstring work.**

1 2

12

6FKHPDWL-
FDOO\�VHHQ�
IURP�DERYH
LV�LQZDUG�
URWDWHG
RYHU�ELJ�WRH
 

gf a c ebh d

e e
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Fig. 130 $QDO\VLV�RI�WKH�PD[LPXPVSHHG��+HUH�3RZHUVSULQW��6SULQW   
 PRGHO�337�$73�PRGH��� �
� $W�WRXFK�GRZQ�WKH�KHHO�LV�SUHVVHG�TXLFNO\�GRZQ�E\�WKH�� ��
� KLJK�SUHVVXUH��D·�E¶��DQG�WRXFKHV�WKH�WUDFN��6HH�DOVR�
� SDJH�����)LJ����E��([HUFLVH���E�LQ�WKH�H[HUFLVH�VWRUDJH��
� ZKLFK�VKRZV�XQLTXH�WRXFK�GRZQ�IXUWKHU�LQ�IURQW�RI�WKH�KLS��



5. 3RZHUVSULQW��WRWDO�PXVFOH�VSHFLÀF�H[HUFLVHV�IRU�PD[-
imum phase (In the strength exercise storage, we might 
have shown the best exercise. Therefor we here repeat it 

  and so also at page 79 in more detail). Fig. 136 shows: 
Alt. A:   Use combination of acceleration I from deeper 
     positions with the maximum phase, where this 
     is starting with the powersprint machine in an 
     uplifted position (II). 
Alt. B:  Exercise the leg’s movement as an elastic rod  
     striking the ground  (I). This in combination 
     with maximum support phase (II).  I and II 
     could be done as one movement with a small fo- 
     cus before the explosive support phase II. 

Fig. 134 Powersprint®��$FFHOHUDWLRQ�,,�(3)�DQG�0D[LPXP�SIDVH�(4) 

Fig. 135  Powersprint®��([HUFLVH�IRU�ORQJ�MXPS�(4b) 
 a.�7DNH�RII�b. 3HQXOWLPDWH�VWHS�DSSURDFK

Powersprint exercises.

(4) (3) 

a. b.

(3) 

abc
d

e

Fig. 133 Powersprint®: �$FFHOHUDWLRQ�,��)URP�VHFRQG�VWHS�WR  ���P�SHUV�UHF���������KHUH�WUDLQLQJ�VSULQW�VSHFLÀN�H[SORVLYH���
 $FFHOHUDWLRQ�,�LQ�KLJKHU�SRVLWLRQV (2b)�� SRZHUVSULQW�LQ�0DOP|·V�LQGRRU�KDOO�$WKOHWLFXP�

a 

Fig. 132 Powersprint: a. $FFHOHUDWLRQSKDVH�,��)LUVW�WZR�VWHSV�(2a)  
 b. %ORFNVWDUW�(1) �6WDUW�EORFN�RU�VLPLODU�
 c. &RQVLRXVO\�H[WUHPO\�ORQJ�VXSSRUW�SKDVH��%DVLF�VWUHQJWK�

a b

c 

Fig. 136 3RZHUVSULQW��´WKH�WRWDO�ZD\Vµ�WR�PXVFOH�VSH�
� FLÀF�VWUHQJWK�WUDLQLQJ�IRU�WKH�PD[LPXP�SKDVH
� �6H�PRUH�GHWDLOV�DW�SDJH����   

I,· II

1. Powersprint,  Block start och Acceleration pfase I
 Fig 132a, b shows strength training for block start (1) and  
 ÀUVW�VWHSV�RI�WKH�DFFHOHUDWLRQ��$FFHOHUDWRQ�,��(2a) in the 
 trainings program). This exercise gives mainly a basic 
� VSHFLÀF�VWUHQJWK�IRU�TXDGULFHSV��JOXWHXV�DQG�KDPVWULQJ��
� EXW�DOVR�IRU�SODQWDU�ÁH[RUV�VROHXV�DQG�JDVWURFQHPLXV��
 In addition, hip side and adductors will be trained if the  
� W\SLFDO�´6NDWLQJµLV�XVHG��6HH�DJDLQ�SDJH��������

 Figure 132 also shows how to use a startblock on a rather  
 high platform for block start. This could easily be built 
 as a construction by wood material.
 
 Fig. 132c. shows basic total strength exercise for mostly  
� JOXWHXV�DQG�TXDGULFHSV�EXW�DOVR�PXVFOH�VSHFLÀN�IRU�WKH
  advanced deep sprint start. You work consiously extremly
 long distance in the support phase for the total basic  
 strength development

2. Powersprint, Acceleration pfase I at higher position 
 Fig. 133 shows Powersprint®, for sprint Acceleration I,
 From deep position in second step to Acc.I in a higher 
 position 2b). Raymond Mpanga shows here perfectly
� VSULQW�VSHFLÀF�H[SORVLYH�SHUIRUPDQFH�
3. Powersprint , Acceleration II and Maximum pfase. 
 )LJ������VKRZV�3RZHUVSULQW��ZLWK�D�VSHFLÀF�H[HUVLFH�
 for Acceleration II, (3) and Maximum pfase, (4) .   
 4. Powersprint for training of long jump’s
 penultimate step and the take off in long- (or   
 triple jump) from the board 
� )LJ�����VKRZV��3RZHU6SULQW���ZLWK�VSHFLÀF�H[HUFLVH�
� IRU�WDNH�RII�LQ�WKH�ORQJ�MXPS�DQG�WKH�ÀQDO�DSSURDFK�SKDVH��
 with the important penultimate step. Long jumpers! Please  
� UHDG�FKDSWHU����7KHUH�\RX�FRXOG�SHUKDSV�ÀQG�\RXU�WHFK���
� QLTXH��6HH�HVSHFLDOO\�SDJH�����ÀJ������ �    

$FFHOHUDWLRQ�,��
VHFRQG�VWHS
DIWHU�VWDUW�
\RXQJ�
sprinter, promise
5D\PRQG�
0SDQJD�����\HDU���
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4.3 Training programs for sprinter running
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Training planning

Fig.140�3ULQFLSOH�WUDLQLQJ�SODQ�IRU�D�\HDU��
� $�GHWDLOHG�SODQ��VHH�$QQH[��� �
   

General 
preparation
Period I

Competitive     
preparation
Period

Special 
preparation
period

Shape curve Intensity Training
volume

Performance
peak
Period

  Jan Feb March AprilOct Nov Dec 0D\�6HSW

Distance running

 Training in order to establish 
� VXIÀFLHQW�R[\JHQ�XSWDNH�
 Active rest 

Time   Training / week 
������������PLQ

Performance:
Running, jogging in the continuous smooth 
easily pace

Forms of running training 

Here follow now two training programs for sprinter running of 
ZKLFK�WKH�ÀUVW�LV�EDVHG�RQ�QRWHV��$XWKRU��IURP�YLVLW�WR�+RXVWRQ�
1999. The second, designed for power sprint strength training, 
have also been processed from US facts (Nick Newman) but 
have then to great deal been planned according to the Swedish 
coach Hakan Andersson guidlines.

U.S. Training Model for sprinter running, as we now will de- 
scribe, was created in the United States during decades. During the 
1990s in Houston  the Swedish elite sprinter Henrik Olausson1 
got experience of this training withTom Tellez2 as his coach.

For understanding of the content of the training tables and 
FKDUWV��$SSHQGL[�����ZH�PXVW�ÀUVW�UHSHDW�D�OLWWOH�DERXW�WKH�WUDLQ-
ing planning (page. 28-29). In addition, we will describe the 
different forms of running training.

Training planning is taking place according to principles, which 
we previously discussed (pages 28-29). For a good  planning, 
the following could be important:

 Moderate  training volume , which ensures small risk of   
 overtraining. Among others also to give younger sprinters 
 opportunity to follow these exercise. (See progressivitets-
 tables in appendix.1)

Training of high quality3 with large dynamic exercise inten-
sity, from very low to near realistic performance require-
ments, which is increasing every year.

 Gladly single periodized throughout the year (with a focus   
� RQ�XWHVlVRQJ�EXW�HYHQ�D�VKRUW�LQGRRU�SHULRG��ZLWK�SRVVL�
 bility to a slow methodical increase of exercise intensity 
 (running speed, weight load, etc.) 
 
 Bigger amount of exercise** at the beginning, 
 which then gradually is falling during the training 
� \HDU��ÀJ�����

The training for speed have been addressed in the previous 
chapter 3.4 and supplemented further on pages 66 and 76). We 
shall now describe different running training forms that are 
used, as well as basic endurance training, as well as more spe-
FLÀF�VSHHG�WUDLQLQJ

Distance Running
Easy continuous running - jogging, should be included as a 
general basic training in all speed programs.
Training effect:
 
 Improves blood circulation in the muscle tissue 

 Improves cardiac muscle work. Increases the ability to re-  
 covery by improving the removal and burning of lactic 
 acid . Can be very important to prevent overtraining.

1) Processed from Henrik Olausson letters and from notes at visit in Houston 1999. 
2) Tom Tellez coach for Carl Lewis, Burrell, Mike Marsh and others
3) Can eg at the beginning mean perfect sprint coordination with relatively slow running 

VSHHG��DQG�LQVWHDG��LQ�WKH�ÀQDO�VWDJHV�RI�WKH�VHDVRQ���KLJK�LQWHQVLW\�UXQQLQJ�ZLWK�VSHHGV�
close to maximum.
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6SHHG�HQGXUDQFH����������P�1
During the general preparation period, they used in 
Houston longer repetition races, for training the ability 
to maintain the running technique and coordination of 
the muscles during lactic acid load.

Training effekt:

Improves anaerobic energy production system
(p.18). (Lactacid capacity) ***.
Improved lactic acid tolerance (Lactacid Capacity)

Improved running technique and coordination

6SHHG�HQGXUDQFH����������P�1 3

This training should be dosed carefully (see proposed 
appendix 1). Pay attention to any symptoms of over-
training.

Training effect:

� ,V�GHYHORSLQJ�WKH�IDVW�)7D�ÀEHUV�DQG�LWV�UHTXLUHPHQWV��
 of the rapid degradation of glycogen and production  
 of lactic acid. Better Laktacid capacity and Laktacid  
 metabolism ***

 Improves lactic acid tolerance

7HPSR�HQGXUDQFH��������VHF�2
During the general preparation period a series of races 
(6-8x200m) with short rest periods is coached (see ta-
ble). The intensity increases in the spec. preparation pe-
riod with  serie  pauses (4x200 + s.p. +2 x200)4 and later 
with fewer races (4x200). According to Mike Marsh this 
training method was very effective for speed endurance. 

Training effect:

Increases the heart muscle’s (stroke volume). En-
ables the aerobic process during the break to pay 
´R[\JHQGHEW�´DQG�WKXV�LQFUHDVHV�PD[LPXP�R[\JHQ�
uptake capacity. This is needed as a prerequisite for 
any speed training / competition, with for example 
rapid recovery after races.

� 7UDLQLQJ�IRU�ERWK�67�DV�WKH�IDVW�)7�ÀEHUV

 Lactic acid production is well above the so-called.  
 lactic threshold .****) Therefore the anaerobic
� FDSDFLW\�LV�WUDLQHG�HIÀFLHQWO\�

6SHHG�HQGXUDQFH����P������P
 Training for lactic acid 
  tolerance ability 
 Technique, coordination

Rep x running time Pause  Training / week 
�������3 races in Houston

Performance:
 600 - 300m race
 submax

1

*) In Houston alt.1: 6-Series 8rep without serie pause
  alt.2: 2x 4 - 2rep with a serie pauses
**) Week 1: 90sek, v. 2: 75sek, v. 3: 60sek
  Week 4 begins again with 90sek break but with 1   
  second faster 200m races etc..

1) Processed from Grosser/Starischka/Zimmermann/Zint 1993-125
���� ´�� ´� ´� ´� ´� � ��������
3) Hakan Andersson training theory, talks, materials, etc 2012.
4) Information from Henrik Olausson -99

7HPSR�HQGXUDQFH�������VHF

 Training for speed
 endurance
 Technique, coordination

Rep  Paus 

� Seriepaus  Träning / vecka 
�������V�����[������
�  

Performance
200m race with submax to near maximum pace 
Ex. Elite: a.gen.prep.per. 28-30sec
 b.spec.prep.per. 23-24sek   

110min

***) Physiological concepts and popular explanation:
� � $ODNWDFLG�FDSDFLW\�� �´IXHO�WDQNµ�
� � $ODNWDFLG�´3RZHUµ�� �HQHUJ\�PHWDEROLVP�
� � /DNWDFLG�FDSDFLW\�� �´IXHO�WDQNµ�
� � /DNWDFLG�´3RZHUµ�� �HQHUJ\�PHWDEROLVP�




��7KUHVKROG��PPRO�LV�UHJDUGHG�DV�DQ�RSWLPDO�SRLQW�ZKHUH�´WKH��
   combustion engine” (aerobic process) can work with minimal 
� � KHOS�RI�´KHOS�HQJLQHµ��$QDHURELF�SURFHVV�

6SHHG�HQGXUDQFH����������P

7UDLQLQJ�IRU�VSHHG�HQGXUDQFH��6S8��3):
� $��/DFWDFLG�FDSDFLWHW��6S(/DF�
� %��/DFWDFLG�SRZHU��6S8/DS��

Rep  Paus Träning / vecka 
A.Walk paus
 Sp 10min
%���������

�����

Pertormance:
 A.150 - 300m race < 95% speed
 B.150 - 300m  > 95% 

1



7HFKQLTXH�DQG�VSHHG�WUDLQLQJ��������P��1 3

With short races is coached running technique for faster 
acceleration and maximum speed.

Running speed during the general period, approximately 
90-95% the maximum speed. Subsequent higher training 
intensity by 95% to near maximum speed and fewer races. 

Training effekt:

 Improved production of emzymer, phosphates (ATP  
 and creatine) in the anaerobic process, without lactic  
 acid (Alaktid capacity) and utilization of these 

 energy storages (Alaktacid power ***)

 Improved maximal sprint endurance
 (Maximum Alactacid power *** page 62)

0D[LPXP�VSHHG�WUDLQLQJ������P�3
Max Speed   (SpM, SpS) is trained also close before and
during  competition period (see appendix 1)

Training effect:

Improved sprint technique at maximum speed

Prepares competition performance mentally:
Better focus on technique and relaxed power work

6WDUW�7UDLQLQJ�������P�1 3

�$FFHOHUDWLRQV��VWDUW�WUDLQLQJ�������P��(DV\�´FRRUGLQDWLRQ�
starts” are included in the general period. Later in the spe-
cial preparation periods, the starts with will be trained at 
near maximum force effort (> 95%)

Note It is important to have a fast start but it’s important 
that the concentration on a relatively long acceleration (max 
VSHHG�ÀUVW�DW���P���ZRQ·W�EH�ORVW�

Training effekt:

Improved acceleration

Improved speed strength

Improved reaction ability

 

1) Processed from Grosser 1991, 139
3) Hakan Andersson training plan, talks, 2012
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6SULQW��������P
��3

7UDLQLQJ��I|U�6SULQW�HQGXUDQFH��6S(�
� $��$ODFWDFLG�FDSDFLWHW��6S($OF�
� %��/DFWDFLG�SRZHU��6S($OS��

RepA eg:   B eg:  Paus  Serie paus  Training / 
week 
 2x3x60

1min
���
20

���[�[����

Performance:
From a standing start to optimal speed 
at ca 60m  A.60 - 100m  < 95% 
 B.100 -150m > 95% 

1������PLQ
15

2x150  

6SULQW��������P�3

7UDLQLQJ��IRU�6SHHG�6S��
� 0D[LPXP��6S0��
� 6XSUD� ��6S6��

Rep  Paus  Serie paus  Training / 
week ����PLQ�������

Perfomance:
Accelerate from standing start to max speed 
at 60m  Maximum > 98% (98 -100%) 
 Supra   >98% (100 -103%) 

1�����PLQ

Starts
 10, 20, 30, 40, 50m 

 Training  for 
� $FFHOHUDWLRQ�VSHHG��$6S��3

Rep  Paus  Serie paus  Training / week
�������PLQ
���PLQ

�����[��������

Performance:
 From lying starts, accelerate with
 concentration on  long acceleration

1 ���PLQ
����PLQ



Sprinter training, program 1 
Training model Houston, USA

The training program1for all sprinters in Houston, with
Tom Tellez (Carl Lewis coach) as the creator, is based of
some interesting principles and has the following contents:
 
� 7KH�WUDLQLQJ�ZHHN�FRQVLVWV�RI�ÀYH�WUDLQLQJ�GD\V��0RQ-

day - Friday and two rest days. 
 Saturday - Sunday.
 
 Training volume is moderate, so that nearly complete 

recovery is possible for each new training week.

(DFK�ZHHN�EHJLQV�ZLWK�WKH�VR�FDOOHG�´%UHDN�'RZQVµ��
repetition race (see table, monday) for training of lac-
tate tolerance ability2 simultaneously the foundation of 
technique and running coordination.

 A very slow rise in running speed during a simultane 
 ous decrease in running distance (shorter distances of  
 each month, see table) causes the body has time to 
 adjust.

 Strength training takes place Tuesday and Friday. In  
 November, First training begins these days with start 
� WUDLQLQJ��GXULQJ�WKH�DXWXPQ�DV�´HDV\�&RRUGLQDWLRQ��
 starts” (90-95%), but later in the winter with a gradual  
 increasing force action.

 Wednesday includes stair jumping and running   
� VWUHQJWK�WUDLQLQJ�IRU�EUDQFK�VSHFLÀF�H[SORVLYH�VWUHQJWK��
 respectively. jump strength. (see page 32 and 33).

Thursday’s sprint training is a favorite exercise for 
0LNH�0DUVK��´YHU\�HIIHFWLYH�IRU�VSULQW�HQGXUDQFH�����µ���
In about 10min is run 6-8x200m (sub-Maxtempo). 
First week in October with 90sek rest between races, 
the second week 75sek, the third 60sek rest. Then you 
start over again with 90sek rest but now with two sec-
onds faster pace and so on. In December, the intensity 
is increased but with a reduced amount of training: 
4x200 (90, 75 or 60 sec rest) Series pauses 10min + 
2x200. During winter the dose of training is reduced 
further to 4x200. Later there is a transfer to more spe-
cialized training in the 4x150 alt.
6x100, alt. 90, 80, 70, 60.

Please note that training throughout the period of relative-
ly few races per workout. This means among other things, 
requirements for mental sharpness for the implementation 
of effective training. The coach also has an important role 
ZLWK�JHQHUDO�´SHS�WDONµ��WLPH�UHFRUGLQJ��ÀOPLQJ�ZLWK�WHFK-
nology analyses during or shortly after the workout, etc.

1) Information from Henrik Olausson -99
2) German sports scientists (Leyk, Baum, Wam, Pachurka, Wackerhage; Essfeld / Leichtath-

OHWLF�����´(QHUJLHEHUHLWVWHOOXQJ�P�VSULQW��+LQZHLVH�DXI�HLQH�OHLVWXQJVOLPLWLHUHQGH�5ROOH�GHU�
glycolysis beim 100m Lauf”) argue that the ability to maintain the running coordination 
during lactic acid load plays an important role for short sprint, 60-100m. It has points out 
that the lactate produced even at rel. short sprint 30-60m justify extra training of lactic 
acid tolerance ability. In Houston plenty of such training is used . Tom Tellez motivated 
VLPSO\�WKHLU�UXQQLQJ�WUDLQLQJ�PHWKRGV�ZLWK�WKH�QHHG�WR�´PDLQWDLQ�WKH�WHFKQRORJ\�DQG�FRRU-
dination with lactic acid in the body” (Houston V7-99.)

 

0RQGD\�� ´%UHDN�GRZQVµ��
600, 500, 400 *) alt. 2x600 + 4x100m

500, 400, 300 alt. 2x400 + 4x100m

400, 300, 200 alt. 2x400 + 4x100m

300, 200, 100 alt. 1x400m

Okt

Nov
Dec
Jan
March
April

Tuesdy Starts Strength  
Strengthtraining + Distanse 15min

Starts 4-6x20-60m
Strengthtraining

“ - “  - “ - 

Okt

Nov
Dec
Jan
March
April

Wednesday  Reactive and Speed 
Okt

Nov
Dec
Jan
March
April

8x200m  (90 alt. 75 alt. 60sec pause)

6x200m (90 alt. 75 alt. 60sec pause)
4x200 + 2x200 - “- “ - “ -  se-
4x200  (90 alt. 75 alt. 60sec pause)
alt.4x150 alt. 6x100 alt. 90, 80, 70, 60

Okt

Nov
Dec
Jan
March
April

“ - “  - “ - 

´���´�� ��´����&RPSHWLWLRQ�HY��IULGD\·V�
training adapted to competition)

7KXUVGD\� 6SHHG�HQGXUDQFH���6SHHG��

)ULGD\� 6DPH�DV�7XHVGD\·V�ZRUNRXW

*) Running paces for elite sprinters:
 Distance Time/100m Distance time 
 600 - 400  15 - 18 sek 90 - 108 (submax)
� ���������� ���������� �������� ��´��
� ���������� �������� �������� ��´��
 300 - 100 max. pace max. pace 
 64

:HHN��DQG�SHULRG�VFKHGXOH

“Box-jumps” 2-4x ((10 l+r)+ (10l+10r))  
Stair running 6-12x30 steps

“ - “  - “ - 

“ - “  - “ - 

“ - “  - “ -
�&RPSHWLWLRQ��7KXUVGD\·V�WUDLQLQJ��
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4.4 Program for sprinter running, 
 with powersprint® strength training

The program is designed for sprinting. To understand the 
purpose of the program and use the powersprint, sprinter 
technology (Chapter 4) and exercise performance with 
powersprint (pages 58-60) should be studied. A full 
year’s planning with periodization  and propose to trai-
ning volume and intensity, see 

All periods:
Speed strength training (Ss) 
Muscle power method     Speed strength training (Ss) 
    Rest : 3-7min
     

Period I: Anatomic adaption Method, volume and 
intensity:
Method I   Method II   Rest:1-2min   

                 

Period II: 
Nerve-muscle coordination training (NmC),
Maximum strength
NmC-method    Rest : 3-5min
   Alt. (0D[��´H[SORVLYHµ force,  
      quicker movements
                 80-90%
  set    3-2rep   
2-6 x 

                30-40%
  set   
2-3 x                 55-60%

  set   
2-4 x 

                40-60%
  set   15-
2-3 x 2-3 x  60-80)%

 set    10-6rep

                 70-80%
  set    8-6rep   
2-4 x 

Note small framed tables to the right of Appendix 
1b with proposals for progressive dosing volume. 
Important to choose a careful escalation for youth 

General Period I 
    Day 1 (Tuesday):  
� �� ����6SHFLÀN�´%DVH� 
     3RZHUVSULQW�%���%���6H�SLFWXUH�RFK�DSSHQGL[�����
                   ���[������������� Metod II

� �� ����*HQHUDO�´%DVHµ
   �([HUFLVH�(����-��6HH�SLFWXUHV�GRZQ� 
                    ���[����������� Method II
                   �6LW�XSV��[������������, Method I�
� �� ��'D\����)ULGD\���6SHFLÀN�6SHHG�VWUHQJWK
�
    ���$���%ORFNVWDUW��DOW��$�D�E��$FF��,���[����������* 
� �� ����$���$FF��,,��DOW��$���0D[�SKDVH������[����������*
  

6SHFLÀN�3UHSHUDWLRQ�3HULRG�,,�
    Day 1 (Tuesday):  
� �� �6SHFLÀN�PD[LPXP�VWUHQJWK���1P&�

 
    3RZHUVSULQW�&���&���6HH�SLFWXUH�RFK�DSS�����
                    1P&�PHWKRG
� �� �

��,QWHU��,QWUD�PXVFXODU\�&RRUGLQDWLRQ
� �� �'D\����)ULGD\���6SHFLÀN�6SHHG�VWUHQJWK
�
     $���%ORFNVWDUW��DOW��$�D�E��$FF�,�����[��������
 
� �� �$���$FF��,,��DOW��$���0D[��SIDVH������[����������

3HUIRUPDQFH�3UHSHUDWLRQ�3HULRG�,,,���
���� �'D\���7XHVGD\��6SHFLÀN�PD[LPXP�VWUHQJWK��1P&�

 
    3RZHUVSULQW�&���&���6HH�SLFWXUHV�DQG�$SSHQGL[���
 �� �����[��������


�1P&�PHWKRG��[���������1P&�µ([SORVLYHµPHWKRG
     'D\����)ULGD\���6SHFLÀN�6SHHG�VWUHQJWK
�
     $���%ORFNVWDUW��DOW��$�D�E��$FF�,�����[��������
 
� �� �$���$FF��,,��DOW��$���0D[��SIDVH��[����������“Speed strength method 
 

Strength training program 
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��6SULQW�WUDLQLQJ�WDNHV�SODFH�ZKHQ�WKH�SULQFLSOH�´VKRUW�WR�ORQJµ

/DWVBench pressForward kick, 
straigth leg 

6LW�XSV��FRXSOHG
Koncentric - excentric.

/HJ�H[WHQVLRQ
�gYQ��DOWHUQDWLY�

%DFN�UDLVH

E2 F1 F2 G H I J

E1

Block startAcc IIMax pfase Acc Ia
 IURP�NQHH��


$OO�WKH�H[HUFLVHV�ZLWK�OHWWHU�GHVLJQDWLRQV��ZKLFK�DUH�IRXQG�LQ�WKH�SODQQLQJ�VFKHGXOH
,��%UDQFK�6SHFLÀFDOO\�ZLWK�3RZHU�6SULQW��%ORFNVWDUW�$���$FF�,�$�D$�E��$FF�,,�$��%��&���0D[�SIDVH�$��%��&�
,,��*HQHUDO��ZKRVH�SULPDU\�SXUSRVH�LV�SK\VLFDO�YHUVDWLOLW\�EXW�DOVR�UHJHQHUDWLQJ��

Acc Ib
 

A4B4C4 A1  A3B3C3 A2b A2a 

a 

1

2a

2b

3

4

b 

a b 

6TXDWV�

2-4x4-5x80-85 2x87,5

Performance period IV. See appemdix)

(́H a ck  l i  f  t)
***

"Long Jump Take-offs"

(́H a ck  l i  f  t)
***

"Long Jump Take-offs"

aAAAAppppendix 1

Text

Appendix 1a and 1b

and juniors. 

(D) Powercleans from knee  alt. to 
(F1) basic I "Total Hamstr.- Glut"

Powerclean

*)
***)You need a selfmade padded back support

D

*

*



5. SPEED, LONG JUMP Another typical exemple where speed is of most impor-
WDQFH�IRU�SHUIRUPDQFH�LV�ORQJ�MXPS��:H�VKDOO�QRZ�ÀUVW�
analyse different variants of jump techniques. Usually 
longjump has been considered easy with only two require-
ments:
- Fastest possible approach speed
- Strong take-off with concentration on height of the jump.

Instead, it is faced with a complex technique with several 
YDULDQWV��2I�WKLV��WKH�IROORZLQJ�VHFWLRQV�GHDOW�VSHFLÀFDOO\�
two types of jumpers, who after their characteristic style 
we call:

- High Long Jumper
- Sprinter Long Jumper

High Long Jumper seek primarily large vertical force, 
ZLWK�D�SURPLQHQWO\�PDUNHG�´WDNH��RII�µ�6SULQWHU�/RQJ�
Jumper, however trying more to maintain speed through 
D�ÁDWWHU�´XWKRSSµ��7KLV��GRQH�ULJKW��H[SHULHQFHG�E\�WKH�
jumper, as running out from the board. 

We shall try to describe various ways to perform a long 
jump with optimal technology. This is possible using stick 
ÀJXUHV�PDGH�IURP�PRYLHV�DQG�GDWD�IURP�YDULRXV�VWXGLHV�1)

of jumps which have been performed with lengths from 
6.50m to 8.90m.

/RQJ�MXPS�0HFKDQLFV
$�FRPPRQ�ZD\�WR�H[SODLQ�OlQJGKRSSHWV�PHFKDQLFV�LV�WKDW
use a so-called. vector parallelogram Fig. 140), which 
shows the size and direction of take-off velocity, V, and its
horizontal (Vx) respectively. vertical (Vy)  component. 
The diagram is an interesting beginning to an analysis of 
the long jump technique. Take-off velocity V and its direc-
tion (Take-off angle) is what primarily determines the long 
jump. The most important quantities, which are used in a
long jump analysis is also shown by the table in Fig 151
page 73.

Jesse Owen, 1935 8.13m
Jesse Owen, the owner of the world record 8.13m between 
1935 and 1960 was, judging by the pictures and videos, a 
typical sprinter long jumper (Author). He succeeded ex-
tremely well make use of a high approach speed.

Fs

Vy

Vx

V   F

Va

Fig 140 9HFWRU�SDUDOOHORJUDP�ZLWK�WKH�PHFKDQLFDO
� �PDJQLWXGHV��ZKLFK�DUH�XVHG�WR�DQDO\]H
� �D�ORQJ�MXPS�

/HJHQGDU\�-HVVH�2ZHQ�
KROGHU�RI�ZRUOG�UHFRUG�����P�
�����WR������

Vy
VBr 

 Va  =  Run-up velocity
   V   =  Take-off velocity
Vy(Vx) =  Vertical (Horisontal) 
     komponent of take-off velocity
�� �)V��  �)RUFH�WKURXJ�WKH�´URGµ�DW�WRXFK�� �
    down (se p.52)
   F   =  Take off force
  VBr  =  Braking
     
   

=  Take off angle
  

 =  Jump leg’s angle against the ground in take off

   =  Jump leg’s angle against the ground at touchd. 

 L1  =  Last stride of approach 
 L2  =  Second last stride of approach  
 L3  =  Third last stride of approach
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����´+LJK�/RQJ�MXPSµ

Va 

Vy V F 

Vx 
Vbr 

Fs 

Bob Beamon 1968 8.90m
At the Mexico Olympics in 1968 Bob Beamon USA, took 
the world with amazement at his amazing world record 
jump 8.90m. Here we present data from this jump.
For several decades into the modern time, many have been 
inspired by Beamon’s powerful jumping technique. 

Beamon’s jump was compared with the elite and it was 
found:
 Faster approach: 10.7m / s
-  Incredibly powerful take off: Vy = 4.2m / s). With 
 braking Vbr = 1.2m/s  were obtained: Vx = 9.5m / s.  
 The take off  angle became  =24 ° (Tg = 4.2 / 9.5)
 Thus, steeper than normal for elite jumpers.
-  Low center of gravity in touchdown on board, with
 jump leg’s angle against the ground at touchdown:  = 60°
-  Early toe-off. Jump leg’s angle against the ground in  
 take off:  =78°.
  

  
   Beomons penultimate step measured 2.40m and the  
   last step all over 2.57m. The explanation for this is  
   Beomons technology with a relatively high knee lift  
   in the last step’s push off, followed by a marked out  
   oscillation of the lower leg. Hereby the jump foot had  
   a very long acceleration when it was whipped in the  
   board. The pressure against it must have been very  
   high, but when the jumping leg’s motion direction  
   was backwards compared the jump’s forward move 
� � � PHQW�WKH�EUDNLQJ�ZDV�UHGXFHG��VLJQLÀFDQWO\��(OLWH��
   jumpers otherwise normal have a shorter last step.
    Beomons pendulum work with the free leg supports  
   the jumping leg’s work with a peculiar rhythm and  
   swing.   

Acc. Brake 

FyN 

Fx 

   
   t    =  Time   
  Brake  =  Braking, horizontal
  Acc  =  Acceleration, horizontal
   Fx   =  Force, horizontal
   FyN  =  Force, vertical
   

t 

t 

Fig 141 %RE�%HRPRQ·V�����P�MXPS��DV�WKH�SUHVVXUH��
� �GLDJUDPV�SUREDEO\��ORRNV�OLNH��7KH�DXWKRU�
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Fig 142�´'ULYH�SIDVHµ�����VWHS�DQG�´7UDQVLWLRQ�SKDVHµ�����VWHSV�
� �DFFRUGLQJ�WR�0��3RZHO�������7UXQN�LQFOLQDWLRQ�RI�WKH�ÀUVW�
� �DSSURDFK�VWHS�GDVKHG�LQ�WKH�ÀJXUH

+LJK�ORQJ�MXPS��DSSURDFK�
7KH�DSSURDFK�FDQ�EH�OLNHQHG�WR�D�´ORRVHµ�VSULQW�VWDUW��ZLWK�
an slightly slower acceleration than in a 100m race.
A good planning of the approach described Mike Powel 
-08 1). See Figure 144. For example, at 16 or 20-step ap-
proach you count every two step (eg only the jumping leg 
as in Fig 144). The approach then consists of 8 respec-
WLYHO\�����´F\FOHVµ��7KHQ�\RX�GLYLGH�WKH�DSSURDFK�LQ�IRXU�
SDUWV��´7KH�GULYH�SKDVHµ��´WUDQVLWLRQDO�SKDVHµ�
´DWWDFN�SKDVHµ�DQG�´WDNH�RII�SKDVH��´
Drive phase. You push off relatively powerful and about 
45 ° trunk inclination in the starting step with head 
bowed. Now it’s full extensions particularly in the jump-
ing leg with strong supportive arm- and leg-swings. 
Transition phase’s tactic is to slowly rise head and trunk 
during relaxed sprinter running. This is the long jumper’s 
FKDUDFWHULVWLF�HDV\�´VLWWLQJµ�ZLWK�KLJK�NQHH�OLIW�
During the Attack phase the velocity is driven up to near 
max usually by increasing leg frequency. Hereby focus 
RQ�SUHWHQVLRQ��´HODVWLF�VWHHO�UDLOµ��´VWLIIQHVVµ��2)

Take off phase implies a special approach to rhythm and 
WHFKQLTXH��VHH�ÀJ������ZKHUH�WKH�ÀUVW�VWHS�LV�D�QRUPDO�
sprinter step with concentration on the following impor-
tant third step ahead of the board. The push off is done 
with incomplete knee extension, which is making that the 
MXPSHU�´ÁRDWµ�IRUZDUG�PRUH�KRUL]RQWDOO\��7KH�VHFRQG�VWHS�
and last steps before the board is also done with incom-
plete extensions. The later is pulled out something. It is 
like waiting for the landing on the runway (Tom Tellez, 
´-XVW�ZDLW�D�OLWWOH����7KH�ODVW�VWHS�LV�XVXDOO\�PRUH�VKRUWened. 

+LJK�ORQJ�MXPS��ODVW�VWHS�DQG�WDNH�RII�
Ground phase of the last approach step, with special tech-
QLTXH��:H�VSHDN�RI�WKH�´SHQXOWLPDWH�VWHSµ��ZKLFK�VXJJHVWV�
WKH�WHFKQLTXH�RI�DQ�´DFWLYHµ�VTXDWV��<RX�´SXOOµ�WKH�WUDFN��
([SUHVVLRQV�VXFK�DV�´WHDULQJµ��´JUDEµ�GHVFULEHV�WKH�SURSHU�
touch-down, which can be done in two ways:
 A. A clear heel - toe rolling (Fig. 145)  
 B. Touch down on the front ball of the foot with easy  
  heel contact (Fig. 141)
B. Gives less braking and admits as A further lowering the 
center of gravity. This is to meet the board in a deep posi-
tion with the jumping leg at an acute angle to the runway, 
which is characteristic of the best high long jumpers such 
as Beomon 1968 and Salodino, 2007 (see p73). Carl Lewis
used A. He compensated the braking with greater speed.

Drive pfase 
 4 step   

Transition
pfase 4 step 

Attack pfase 
4 step 

Take off phase 
4 step 

Drive pfase 
 6 step   

Take off phase 
 4 step   

Attack pfase 
4 step 

Transition
pfase 6 step 

Fig 144 $��$SSURDFK�����VWHSV�ZLWK�����´F\FOH�UK\WKPµRI�HOLWH�MXPSHUV���
� �%��$SSURDFK�����VWHSV�ZLWK´�����´F\FOH�UK\WKPµ�IRU�\RXWK��� �
� ��0LNH�3RZHO�����1)�

A)
B)

Fig 143 “$WWDFN�SKDVHµ���VWHSV��0�3RZHO������

B)
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���3URFHVVHG��IURP�RQH�,QWHUYLHZV�ZLWK�0LNH�3RZHO��KWWS���WUDFNDQGÀHOG�DERXW�FRP�RG�ORQJMXPS�S�SRZHOOMXPSWLSV�KWP�
����$WWDFN�SKDVH�ZLWK�WKH�LQFUHDVHG�VWHS�IUHTXHQF\�JLYHV�D�PRUH�´�ÁXLG�VSULQW�UXQQLQJµ��ZKLFK�VHHPV�WR�EH�JUHDW�IRU�VSULQWHU�ORQJ�MXPS��6HH�SDJH�����&DUO�/HZLV�WHFKQRORJLHV�

Fig 145  7DNH�RII��7KH�ODVW�VWHS�LV�XVXDOO\�VKRUWHU�� 3HQXOWLPDWH�VWHS���$FWLYH�VTXDWV��´SXOOµ����,W·V�D�OLWWOH�ORQJHU� �&*�/RZHULQJ� � �



+LJK�ORQJ�MXPS��VSHFLDO�YDULDQW
+LJK�ORQJ�MXPS�FDQ�DOVR�EH�SHUIRUPHG�ZLWK�D�´OLIWµ�LQ�WKH�
last step from a deep heel-toe roll in the penultimate step. 
7KH�WDNH�RII��LV�WKHQ�GRQH�DV�D��´ERXQFHµ�LQ�DQ�HOHYDWHG�
position with shorter time on the board. The technology 
FDQ�ÀW�H[SORVLYH�MXPSHUV�ZLWK�JRRG�MXPSLQJ�FDSDELOLWLHV��
It reminds of the fast variant of Flop High Jump. See 
ÀJXUH�����DQG�����
+LJK�ORQJ�MXPS��WDNH�RII��$QDO\VLV�
Upphoppstekniken beskrivs i det följande:
1. The foot is moved mostly in a low motion against the 
ERDUG���7�7HOOH]��´-XVW�SXW�LW�GRZQµ���7KH�IRRW�ÀQDOO\�
meets the board relaxed with a downward - rearward 
movement, which reduces the braking somewhat. The 
ZKROH�VROH�RI�WKH�IRRW�LV�LQVHUWHG�ÁDW��EXW�WKH�KHHO�PHHWV�
WKH�JURXQG�D�´PLFURVHFRQGµ�EHIRUH��(So that the gluteus damps 
WKH�SUHVVXUH�DXWKRU��UHÁHFWLRQ�
2. For a brief moment (15-20ms) increases the pressure  
 vertical force (see Figure 141).  Then the jumper imme- 
 diately sag in to knee and ankle. It is during this short  
 time mostly of the vertical velocity increase.
3. The jumper now pivots forwards upwards. The motion  
� ÀUVW�EHFRPHV�ÁDW�ULVLQJ��
���)LQDOO\�WKH�´OLIWµ�LV�LV�SHUIRUPHG�E\�TXDGULFHSV��JDVWURF��
 nemius/soleus and the gluteus which are extending  
� FRPSOHWHO\�LQ�DOO�WKH�MRLQWV��*UHDW�LQÁXHQFH�FRPHV�IURP��
� WKH�´OHDGµ�OHJ�EHFDXVH�RI�LWV�PDVV��,W�VKRXOG�SHUIRUP�D��
 short pendulum movement until the thigh is parallel to  
 the ground.
+LJK�ORQJ�MXPS��GLVFXVVLRQ�
High long jump technique is likely optimal only for the 
long jumpers of the highest elite (8m-jumpers). It is there-
fore inappropriate to young people trying to accomplish
JHW�KHLJKW�RQ�WKH�MXPSV�E\�E\�YLROHQWO\�´VWRPSLQJµ�WKH�
board. Unfortunately, usually the following occur:  
- You make technology training with short approach and  
 then tries to jump a long way with the help of a power 
� IXO��´VSULQJ\µ�VWRPSLQJ�WDNH�RII�IRU�KHLJKW�LQ�WKH�MXPS�
- With a full approach you could possible initially    
 achieve outstanding good performance, but later usually  
 a surprising stagnation occurs.
- Unfortunately, even serious injuries can occur because  
 of too much strain on his leg jumping. (Possible high jump  
 training leads probably to the use of special variant above (author))
In his youth also the 8m-jumper was told från  coach:
�� ´:RUN�ORQJ�DW�WKH�ERDUG��´�´3XVK�WKURXJK�WKH�KLSV
� EHWWHU�´�µ�VWULNH�WKH�ERDUG�´FODZLQJµ��
�� /DWHU�DIWHU�PDQ\�\HDUV��FRDFK�WHOO�\RX��´<RX�QRW�VHHP�WR��
 increase your approach speed further. Now we must con- 
 centrate on a more powerful take off technique.

Bob Beamon 8.90m
Va = 10.7m/s
Vx = 9.5m/s
Vy = 4.2m/s
Va = 24°
Vx = 78°
Vy = 60°

 
 Elite = 8.0m
 Va = 10.5m/s
 Vx = 9.3m/s
 Vy = 3.5m/s
 ?? = 21°
� ""� �������
� ""� �������

69

Fig 146 +LJK�ORQJ�MXPS��9DULDQW�ZLWK�´OLIWLQJµ�LQ�WKH�ODVW�VWHS�DQG�D�KLJKHU�SRVLWLRQ�DW�WKH�ERDUG�� �´ERXQFHµ�IURP�WKH�ERDUG�

Fig 147 +LJK�/RQJ�-XPS��YDULDQW�VLPLODU�DERYH�ÀJXUH����

Fig 148 +LJK�ORQJ�MXPS��WRXFK�GRZQ�DQG�WDNH�RII�



$QDO\VLV�RI�&DUO�/HZLV�VSULQWHU��ORQJ�MXPS��'DWD�&RPSDUL��� �
VRQ��0LNH�3RZHO���D�PRUH�W\SLFDO�KLJKW�ORQJ�MXPSHU�

5.2 Sprinter long jump

Lewis = 8.91m
Va = 11.06m/s
Vx = 9.72m/s
Vy = 3.22m/s
  = 18.3°
  = 67.5°
  = 77°
L1 = 1.88
L2 = 2.70
L3 = 2.23

Powel = 8.95m
Va = 11m/s
Vx = 9.09m/s
Vy = 3.70m/s
  = 22.1°
  = 73.9°
  = 71.8°
L1 = 2.28
L2 = 2.74
L3 = 2.40
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D�FOHDU�KHHO�UROO��/HZLV�SHUIRUPV�KHUH�DOVR�D�
VPDOO�VLGH�VWHS�:DV�UHFRPPHQGHG�DXWKRU��E\�5DOSK�%RVWRQ·V�
FRDFK�7RP�(FNHU��6WKOP��������ZLWK�RXWZDUG�URWDWLRQ�
RI�WKH�IRRW��IROORZHG�E\�D�LQZDUG�URWDWLQ��VHH�
SDJH������7KH�ODWWHU�LPSOLHV�D�´ODWHUDO�OLIWµ���D�
´VLGH�QXGJHµ��$XWKRU��ZLWK�IHHOLQJ�RI�VRPH�
UHOLHI�EHIRUH�WRXFKGRZQ�RQ�WKH�SODQN��+HUH�
SUREDEO\�LW·V�DOVR�REWDLQHG��D�KRUL]RQWDO�YHUWL-
FDO�VSHHG�ERRVW��$�FRQWULEXWLRQ�WR�WKLV�ÀUVW�
YHUWLFDO�FHQWHU�RI�JUDYLW\�LQFUHDVH�LV�DOVR�D�
VPDOO�´EHQGLQJ�IRUZDUGµ�DQG�´ULVHµ��6HH�ÀJ���
-XPS�7KH�IRRW�ZLOO�QRZ�DOVR�EH�SODFHG�PRUH�
LQ�OLQH�ZLWK�WKH�FHQWHU�RI�JUDYLW\�UHVXOWLQJ�LQ�
D�PRUH�HIÀFLHQW�WDNH�RII��7KH�IRRW�WRXFK�GRZQ�
RFFXU�ZLWK�D�PRYHPHQW�IRUZDUG�GRZQZDUG
ZLWK�XQFKDQJHG�VWHS�UK\WKP�LQ�DQ�DUFXDWH�PR-
WLRQ�DW�ORZHU�DOWLWXGH�MXVW�EHORZ�WKH�NQHH��7KH�
ORZHU�OHJ�LV�EURXJKW�IRUZDUG�RXW�WR�VOLJKWO\�

DV�LQ�D�VSULQW�VWULGH�DQG�´LV�QDWXUDOO\�ZKLSSHG�´�LQ�
WKH�SODQN��ZLWK�D��EDFNZDUG�JULSSLQJ�PRWLRQ��ZLWK�
QHJDWLYH�YHORFLW\����7RXFKGRZQ�LV�GRQH�ZLWK�WKH�
ZKROH�EDOO�RI�WKH�IRRW��EXW�ZLWK�DQ�LQLWLDO�EULHI�KHHO�
FRQWDFW��/HJV�DQG�VHDW�PXVFOHV�DUH�SUHORDGHG�IRU�
HFFHQWULF�ZRUN�GXULQJ�WKH�VR�FDOOHG�DPRUWLVDWLRQ�
SKDVH�a-b. 7KLV�SUHWHQVLRQ�LV�DFFHQWXDWHG��DV�PHQ-
WLRQHG�HDUOLHU��DOUHDG\�LQ�DWWDFN�SKDVH� 7KH´VSULQJ\�
URGµ�IRUFH�LV�URWDWLQJ�WKH�MXPSHU�IRUZDUG�XSZDUGV�
b-c��IROORZHG�E\�WKH�H[SORVLYH�SXVK�RII�c-e���$Q�LQWHU-
HVWLQJ�WHFKQLTXHV�GHWDLO���KLV�ULJKW�DUP�DQG�VKRXOGHU�
LV�NHSW�EDFN�LQ�D�ORZ�SRVLWLRQ�DW�WRXFKGRZQ��,W�WKHQ�
RFFXUV�DQ�HODVWLF�VWUHWFK�RI�WKH�KLS�VLGH��ZKLFK�LP-
PHGLDWHO\�LV�VWUHWFKHG��´DV�D�UXEEHU�VWUDSµ �$XWKRU·V�
WDONV�ZLWK�9DOHUL�%XQLQ�DW�DQ�LQWHUQDWLRQDO�WUDLQLQJ�FRXUVH�LQ�WKH�ORQJ�MXPS 
�����´D�VHFUHW�EHKLQG�WKH�5XVVLDQ�ORQJ� DQG�WULSOH��MXPSHUVµ� 
$QRWKHU�GHWDLO�LV�WKDW�/HZLV�SHUIRUPV�DQ�´RXWZDUGV
URWDWLRQ�RYHU�WKH�WRHµ��SUREDEO\�ZLWK�XVLQJ�DGGXFWRUV�
ZLWK�KLJKHU�IRUFH�LQ�WKH�SXVK�RII��6HH�DOVR�SDJH���� 
  

Carl Lewis

Ƣ
ơ

Ƣ
ơ

Fig. 150

&DUO�/HZLV�ODVW�DSSURDFK�VWHS�DQG�WDNH�RII��1RWLFH�WKH�IUHH�OHJ�PRYHPHQWV��
7KH�ÀJXUH�VKRZV�D�XQLTXH�RSWLPXP�FRRUGLQDWLRQ�EHWZHHQ�WKH�IUHH�OHJ�PRYH-
PHQWV�DQG�VXSSRUW�SKDVHV��)URP�WRXFKGRZQ�RQ�D�SODQN��WKHQ�WKH�IHPXU���WKH�
NQHH�LV�YHUWLFDOO\�EHORZ�WKH�KLS��WKH�IHHOLQJ�EHLQJ�DV�D�´YROOH\�NLFNµ�RI�WKH�IRRW���

Carl Lewis
It has always existed in the U.S. Long jumpers, who used
their pronounced sprinter speed with technology, which com-
pletely differs from the high long jump. Such was Carl Lewis 
(Fig. 149, 150). It is more talk about a jump in direction out-
wards than upwards.  In take off phase the last approach steps 
�VHH�)LJXUH������LV�D�UK\WKP�FKDQJLQJ��ZKLFK�JLYHV�D�ÀUVW�KLQW��
� RI�D�´OLIWLQJµ�WKH�ODVW�VWHS�
 approach. Then the foot is natu-   
� UDOO\�´ZKLSSHGµ�LQ�WKH�SODQN��DV�DQ�
� DFWLYH�´JULSSLQJ���ZLWK�D�YHU\�VKRUW�
� ÀUVW�KHHO�FRQWDFW���7KH�MXPS�OHJ�LV��
 slightly bent with pretension   
 muscularity. The extremely fast 
 last step occurs along with the pen- 
� GXOXP�OHJ��DV�´FXWWLQJ�PRWLRQµ�DQG�
� HQG�ZLWK�WKH�IHHOLQJ�RI�D�´YROOH\�
foot kick” forward-upward. Already during the attack phase 
(see page 70), with increased cadence, accentuated pretension 
�HODVWLF�´VWLIIQHVVµ��´VWHHO�UDLOµ��´DPRUWLVDWLRQHQµ�ZDV�SUHSDUHG��
(a-b). From position (b) rod force pivots the whole body quickly 
forward upwards (b-c) followed by the explosive push off (c-e). 
 This while free leg swings up and  
 is blocked at paralell upper leg.The  
 long deep penultimate step with a  
� ´OLIWµ�LQ�WKH�ODVW�VWHS�VORZV�\RX�
 down,but resulting in a less load on  
� WKH�MXPS�OHJ��7KLV�FDQ�ÀW�´VSULQWHU
 runners” which often does not have  
 the pronounced jump strength.   
  In the approach you sometimes can use a combi- 
� �QDWLRQ�RI�´$73µ���DQG�´337��PRGHOV��$XWKRU�
    (illustrated here and previously on pages 58-59)
  Often in an alternating step rhythm in harmony  
   with the coordination of the last three strides and  
   take-off.

ATP PPT ATP ATP APT APT APT PPT $37���PPT

 6WHS�U\WKP�� ´VKRUWµ�´ORQJµ�´VKRUWµ
´)HHW�5XQV�8QGHUQHDWK�WKH�ERG\�DQG�WKHQ�
SDVVLQJµ��$XWK��WDON�ZLWK�-RH�'RXJODV�6WKOP������ 
3HQXOWLPDWH�VWHS��´-XVW�ZDLW�D�OLWWOHµ��$XWKRU·V��FRQ-
YHUVDWLRQ�ZLWK�7RP�7HOOH]������LQ�FRQWDFW�ZLWK�WKH�JURXQG�
DQG�ODQGLQJ�IROORZHG�E\�D�GHHSHU��´SXOOµ��ZLWK�

bc
d

e

a

Note: Carl Lewis uses the right leg in his take-off. This drawing shows
  his technique schematically fairly accurate except that left here is take-off leg 

Fig. 149a

Fig. 149b



6SULQWHU�ORQJMXPS��PHFKDQLFV��PXVFOH�ZRUN�
We have also previously in sprinter technology-section used the 
QDWXUDO�´IRRW�VWULNHµ�QDPLQJ�WKH�WRXFK�GRZQ��3XW�GRZQ�WKH�IRRW�
with a quick  sweeping arcuate motion against the board, with 
slightly bent jump leg, in harmony with the free leg swing move-
ment forward-upward. As in sprinter running the leg’s muscles 
DUH�LQ�SUH�WHQVLRQ�WR�FRSH�´DPRUWLVDWLRQHQµ��:H�VKDOO�QRZ�GH-
scribe in more detail what happens:

Take off
The pretensioned leg and buttocks muscles at touchdown means 
WKDW�IRRW�DQG�NQHH�DUH�À[HG��´ORFNHGµ���7KH�SHOYLV�LV�EDFNZDUG�
tilted, with isomet- rically working gluteus and rectus femoris. 
At touchdown the leg is forming with the upper body, through 
the pre- tensed muscles a pretty solid unit, which is like a rod. 
When its lower end (foot) are trapped in the ground, the top (up-
perbody), gets an increased speed. The rod will thus rotate around 
its support point in the ground. This is what is meant by the rod 
- principle. By the rod seems a force. Fig 151 shows the forces 
during take off using a schematic pressure diagram. Force Fs, 
consisting of a braking component Fxµ in the horizontal direction 
and the accelerating component of FyN in the vertical direction, 
grows rapidly to a high value of up to 10 times the body weight 
of elite jumpers. The force operate with a high pressure at the 
board a very short time. Already after about 15ms, the pressure 
reached its maximum. (b) and then diminishes rapidly. 

During touchdown a - c there is also the reaction force Fp+Ft in 
the jump (running) direction from the ground. The jumper should 
LQFUHDVH�WKLV�IRUFH��DQG�ZLWK�DQ�DFWLYH��´VWULNHµ� Ft (”gripping”) 
DQG�ZLWK�D�´VZXQJ��IXOOµ�ERQH�SHQGXOXP Fp. The braking is then 
reduced. Another positive effect by Fp and Ft is that force Fs,will 
be directed more through the body’s center of gravity (Fig. 151). 
The torque around the center of gravity is then zero, so the jump-
er will be in better balance in the air with little forward rotation. 
Then one can  jump great also with simple techniques in the air 
as hangstile.  An important fact is that without the sum of Fp and 
Fip a dangerous force Fs1 would be produced and partly severely 
damage the jumper (Note: Serious bone fractures have occurred 
in long jump) and the jumper would get too strong forward rota-
tion which would frustrate the proper technique in the landing.
 
In position c  the pressure diagram shows that FyN again has  
risen to about 1/3 of Fs value. From here then the push off is 
completed c - e, as a powerful sprinter step, but in a more upward 
direction. Just before d correspond to the point where the vertical 
line from the body’s center of gravity is passing just above the 
foot. Fxµ then is changed to acceleration in the horizontal direction.

Heiki Drechler was a female representative for sprinter long 
jump. In Figure 152 displays vertical and horizontal reactive forc-
es in the two training jumps with the same jump length at differ-
ent approach speeds. Interestingly, at higher speed she needs sig-
QLÀFDQWO\�OHVV�YHUWLFDO�IRUFH��ZKLFK�LQFLGHQWDOO\�VHHPV�H[WUHPHO\�
short-lived. At World Cup 1991 jumps Heiki 7.29m with only 
angle 18.3 ° and compared to the other competitors (see table on 
SDJH������ZLWK�D�VLJQLÀFDQWO\�ORZHU�YHUWLFDO�MXPS�VSHHG�

FyN Fs 

Fµ  

Fs1 

 Fxµ 

FN 

Fipx
Fpx

Fpy Fp

Fity

bcd
e

a

FyN 

Acc. Braking 
Fxµ 

Fig 151 %LRPHFKDQLFDO�DQDO\VLV�RI�WKH�VSULQWHU�ORQJ�MXPS�

Ft   = Reaction force at touchdown
Fp  = Reaction force from pendulum leg  
FN   = Normal force
Fµ  = Braking horizontal friction force
FyN = Force component, vertical
    (FyN = FN+ Fpy+ Fty) 
Fxµ = Braking component, horizontal 
(Fxµ = Fµ - Fpx - Ftx).
(Fxµ brakes therefore less than Fµ)
Fs = Force at touchdown, resultant 
Fs1 = Force resultant to Fµ and FN 
(Without Fp and Ft could mean large torsional moment 
about the body’s center of gravity. The jumper then will 
have a great forward rotation.)

Fig 152 
+HLNL�'UHFKVOHUV�YHUWLFDO�DQG�KRUL]RQWDO�UHDFWLYH�IRUFHV�LQ�WKH�WZR�MXPSV�� �
ZLWK�WKH�VDPH�MXPS�OHQJWK�����P�DW�GLIIHUHQW�QXPEHU�RI�DSSURDFK�VWHSV��$6��� �
DSSURDFK�VSHHGV������UHVSHFWLYHO\�������P���V�1

FyN 

Acc. 
Braking. 

Fxµ 

525kp

200kp

13AS
6.80m
8,58m/s

15AS
6.80m
9,23m/s

Acc. 
Braking. 

715kp

1) Modif. from Die Lehre der Leichtathletic nunber 22 -93
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154 $QDO\VLV�RI�ORQJ�MXPS�E\�DQ�HDUO\�� �
� ����V�VWXG\��%DOOUHLFK� .HQW�1\JUHQ�D�VZHGLVK�YHWHU-

DQ�ZRUOG�FKDPSLRQ��KHUH�LQ�
D�����P�MXPS��FDQ�EH�D�JRRG�
UHSUHVHQWDWLYH�IRU�WKLV�VW\OH��
+H��KRZHYHU��PDQDJH�MXVW�
ÀQH�ZLWK�WUXQN�VWDELOLW\

1) Authors study of this article: The EMG activity and mechanics of 
 the running jump as a function of take off angle. W. Kakihana, S. Suzuki 
 (Journal of Electromyography and Kinesiology 11 (2001, 365-372)
 Processed data also from Biomechanics of the long jump, Nicholas P. Linthorne

DATA:
Va = 9m/s
Vx = 8,1m/s
Vy = 2,8m/s
  = 20°
  = 60°
  = 69°
L1 = 2,10
L2 = 2.28

Acc. Brake 

Fxµ

200 

kp 

0.08s 
0.13s 

400 

FyN kp

6SULQWHU�/RQJ�MXPS��EHJLQQHU�DQG�LQWHUPHGLDWH�
OHYHO�MXPSHUV������������
These data with illustrations (author.) is based on an early 
����V�VWXG\��%DOOUHLFK���,W�ZDV�VFLHQWLÀFDOO\�FDUHIXOO\

Properties:
��� 7KH�´/LIWµ�LQ�WKH�ODVW�VWHS�UHOLHYHV�WKH�ORDG�RQ�WKH��
 jumpleg. After the active touchdown, jumper can easily  
� ´ÁRDW�RXWµ�LQ�WKH�MXPS�ZLWK�D�GHOD\HG�DQNOH�H[WHQVLRQ�
-  
 The jumper is here totally focused on extension of  
  hip, but less on the knee lift and trunk stability. The  
� �WUXQN�´URFNVµ�EDFN�VOLJKWO\��W\SLFDOO\�IRU�EHJLQQHUV�
  eager to enter the hang-style directly in the jump, the  
� �DXWKRU��UHÁ����7KH�WHFKQRORJ\�LV�SUREDEO\�RSWLPDO�IRU��
  this long jumpers capacity.

made and may was well worth to 
be presented even today. Reason 
for that this group of jumpers (20 
males with jump lengths 6:50 - 
7:20m with an average of 6.80m), 
can be included in the category of 
sprint long jumpers  depends on 
WKH�UHODWLYHO\�ÁDW�WDNH�RII�DQJOH����
° with a low braking of horizontal 
speed. A speed reduction of only 
0.9 m / s.- 

600 

a2b2
d2

e2 b1d1e1

Muscle work
6WXG\�WKH�VFKHPDWLF�LOOXVWUDWLRQ�LQ�ÀJ�����ZLWK�rectus fem-
oris, vastus lateralis, gluteus, gastrocnemius, soleus och 
haPVWULQJ. Muscle work happens as follows:
  
  a1 - c2: gl, rf isometric. va, so, ga eccentric.   
  ha concentric. 
  c2 - e2: gl, va, so, ga, ha concentric. 
  rf concentric. or eccentric.1

take off phase: gl, va, so, ga, ha concen- 
tric rf concentric eller eccentric. 

gl, rf isometric va, so, ga 
eccentric ha concentric

Fig 153 0XVFOH�ZRUN�DW�WDNH�RII�IRU�D�W\SLFDO�VSULQWHU�ORQJ�MXPS���
  +HUH�VSHFLÀN�3RZHUVSULQW�VWUHQJWK�WUDLQLQJ 

abc
d

e



 Lebedeva
  7.03m
Va  9,37m/s
Vx  7.73m/s
Vy  3.50m/s
   24.4°

Kolchanova
6.92m
9.13m/s
7.73m/s
3.23m/s
22.7°

Kotova
6.90m
9.08m/s
8,14m/s
3.18m/s
21.3°

JJ.Kersee
7.32
9.85m/s
8.09m/s
3.46m/s
23.2°

Övriga
����������
����������
����������
�����������
��������

H. Drechsler
7.29
9.86m/s
8.49m/s
2.80m/s
18.3°

Osaka VM 2007 Tokyo VM 1991

In conjunction with the World Championships in Osaka 
in 2007, a biomechanical survey1) was made in respect of 
the best long jumper’s properties (see table below). It was 
found three types of jumpers. Depending on velocities in 
the jumps, one could divide the jumpers into three groups:

1.  Large vertical and horizontal velocity
 (First Salodino, 2nd Howe, 3rd Phillips)

2. Large vertical and small horizontal velocity:
 (4th Lukashevych, 5th Mokoena)
� ,Q�WKHVH�WZR�JURXSV�ZH�KDYH�RXU�´+LJK�/RQJ�-XPSHUVµ��DXWKRU�

3. A small vertical and large horizontal velocity
 (6th Beckford, 5th Badji 6th Marzouq)
� 7KHVH�WZR�MXPSHUV�FRXOG�EH�FRQVLGHUHG�´VSULQW�MXPSHUV��´�EXW�IDU��
 from Carl Lewis capacity (Author.)

 Salodino
  8.58m
Va  10.52m/s
Vx  8.90m/s
Vy  3.75m/s
   22.9°

Howe
8.47m
10.87m/s
9.26m/s
3.46m/s
20.5°

Philips
8,50
10.38m/s
8.96m/s
3.67m/s
22.3°

Lukashevych
8,25
9,97m/s
8,27m/s
3.78m/s
24.6°

Mokoena
8,28
10,12m/s
8,33m/s
3.71m/s
24.0°

Beckford
8.20
10,63m/s
9.05m/s
3.25m/s
19.8°

%DGML
8.09
10,16m/s
8.83m/s
3.17m/s
19.8°

Marzouq
8,04
10.22m/s
9,03m/s
3.01m/s
18.4°

Övriga
����������
�����������
����������
�����������
��������

From the table below with female Long jumpers from Osaka 
and Tokyo World Championships we have:
 High long jumpers: Lebedeva and J.J Kersee
 Sprint long jumpers: H Drechsler and Kotov (Author)

7KH\�ÀOPHG�WKH�WRXFK�GRZQV�DQG�FDPH�WR�ZKDW�KHUH�LV�
described in point 1-3. (see Figure 155a): 
1. In the penultimate step the touchdown is slightly from  
 midline, about 10-20cm. 7KLV�´VOLGH�VWHS�´�ZDV�DOUHDG\�XVHG��
 by Jesse Owen but mainly by Carl Lewis (Author).
2. Touchdown on the board is on the center line with   
 the leg slightly tilted inwards. The researchers then  
 concluded that the jumpers effective use abductors 
 (gl.medius, gl.minimus, tensor fasciae lata) and extend  
 the hip side.(Compare page 38 Figure 77 with the text  
� �´UXEEHU�VWUDS�´�9��%XQLQ���
3. Salodini had a large shoulder rotation, which coordi- 
 nates with the stretching of the hip side in accordance  
 with above point 2. 6HH�DOVR�S�����ÀJ����D��&DUO�/HZLV�SXOOV��
 hastily back shoulder before the touch down and this is resulting in  
� D�HODVWLF�VWUHWFKLQJ�RI�WKH�KLS�VLGH���$XWKRU�UHÁ��
,Q�WKH�SHQXOWLPDWH�VWDJH�&DUO�/HZLV�KDV��D�´VOLGH�VWHSµ�
1 after a typical inward rotated leg 1-2 and in the touch 
down also a well-accented inward rotated 3-4. The foot is 
put in a straight line on the board followed by an outwards  
rotatation 5-6, ie. Outward rotation of the sole of the foot 
over the big toe during simultaneous inward-turning of 
the heel over middle line.2 Muscularly it’s likely adductor 
magnus and vastus medialis, which  primarily is engaged 
for Carl Lewis push off. This will prolong and enhance 
the accelerating force in the take off.2
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Biomechanical study of the long jump 2007

1) Modif. ur  KINEMATICS OF TAKEOFF MOTION OF THE WORLD ELITE LONGJUMPERS 
 Hiroyuki Koyama1, Yuya Muraki2, Megumi Takamoto2, and Michiyoshi Ae1
 1Institute of Health and Sport Sciences, University of Tsukuba, Tsukuba, Japan. 2007

Salodino PhillipsHowe

21

34

Carl Lewis

56

1  2

4  3

6  5

155b &DUO�/HZLV�IRRWZRUN��VFKH���
� PDWLFDOO\�GUDZHG�IURP�
� DERYH�ZLWK�OHJ�inward   
 rotated��S������������� �
� ����DQG�LQ�WKH�WDNH�RII�´
� RXWZDUGV�URWDWLRQµ�����

Fig. 155a 7RXFK�GRZQV��WKH�ODVW��
� ��� WZR�DSSURDFK�VWHSV�
� ��� DQG�RQ�WKH�ERDUG��7KH�
� ��� WKUHH�EHVW�ORQJ�MXPSHUV���
� ��� LQ�2VDND�:RUOG�&KDP�
� ��� SLRQVKLSV�����

��$XWKRU�����0DJQXV�:DUIYLQJH�IURP�ÀOPVWXGLHV������



Sprint long jump,  Brittney Reese 2016.
�´+HHO�WRHµ�UROOLQJ�RFK�FHQWHU�RI�JUDYLW\�OLIW�LQ�ODVW�
step. (Author tells at page 75) 

/DVW�DSSURDFK�VWHS�VKRUW�´OLIWLQJµ��6PDOO�EXW�FOHDU�XSZDUG�PRYHPHQW�RI�WKH�FHQWHU�RI�JUDYLW\�LQ�RUGHU�WR�UHGXFH�WKH�ORDG�RI�WKH�MXPS�OHJ�

%ULWWQH\�5HHVH�ÀYH�DSSURDFK�VWHSV�DQG�WDNH�RII��3KRWR�PRQWDJH�IURP�ÀOPFOLS�1���

0XVFOH�VSHFLÀF�H[HUFLVH�ZLWK�3RZHUVSULQW�PDFKLQH��7DNH�RII�ZLWK�D
´GULYHµ�XSZDUGV�DQG�RXW�IURP�WKH�ERDUG��)RFXV�RQ�WKH�KLSH[WHQVRUV�

0XVFOH�VSHFLÀF�H[HUFLVH�ZLWK�3RZHUVSULQW�PDFKLQH��7KH�3HQXOWL-
PDWH�VWHS��/DQGLQJ�ZLWK�D�JULSSLQJ�´KHHO�WRH�UROOLQJµ�DQG�DQ�LQZDUG�
OHJ�URWDWLRQ��%LJ�PXVFXODU�HIIRUW�E\�KDPVWULQJ�DQG�JOXWHXV�DQG�D�
VPDOO�EXW�VWLOO�D�FHUWDLQ�OLIW�RI�WKH�FHQWHU�RI�JUDYLW\�LQ�ODVW�VWHS�

74
1) Filmclip Peter Hornebrant 2016



The photo montage by Brittney Reese shows here a 
unique optimized technology that leads my mind to Hous-
ton in 1999. The Swedish Henrik Olausson, trained by 
Tom Tellez, had conveyed my visit. Generously, oppor-
tunities were offered for interesting questions about Carl 
Lewis technology. When I, as a Master, tried some easy 
jumps with a short approch, Tom Tellez criticized
my penultimate and last step. He eagerly showed me the 
WHFKQLTXH�ZLWK�GHHSHU�´KHHO�WRH�UROOLQJµ1 into a short last 
step. The jump then felt immediately easier to perform. 
This technical feature, used by Carl Lewis and Brittney 
Reese, can be crucial for an optimally performed sprint 
length jump for the following reasons:
���$�VPDOO�FHQWHU�RI�JUDYLW\�HOHYDWLRQ��´OLIWLQJµ���� �
� LQ�WKH�ÀQDO�VWHS�DOORZV�DQ�DFWLYH�JULSSLQJ�PRYHPHQW�WR��
� ´GULYHµ�XS�DQG�RXW�LQ�WDNH�RII�ZLWK�VSULQW�WHFKQLTXH�DQG��
 then with a high power insert from the hip extensors.
���7KH�VSHHG�ORVV�ZLWK�WKLV�´KHHO�WRHµ�UROOLQJ�LV�FRPSHQ��
  sated by a faster speed in the approach and also by a  
 less velocity brake in the take-off. The latter should  
 also reduce the risk of injury.

High- / Sprint long jumping. Summary and dis-
cussion:
High long jump technique can of course lead to excellent 
performances (Beamin, Powell, Salodino et al.), but al-
ways involve considerable injury risk due to higher ver-
tical force. A sprint long jump requires better speed, but 
also a necessary special advanced technique in the penul-
timate and the last step of the approach according to de-
scribing above. It should be noted that the most successful 
long jumper without a comparing is Carl Lewis with his 
four Olympic gold in four Olympic Games. Therefore, 
sprint long jump technique should be considered more se-
rious than the case today.
0DQ\�FRDFKHV�IURP�WKH�SDVW�DUJXH�WKDW��´$�JRRG�MXPSLQJ�
technique is characterized primarily by a smooth transition 
between the approach speed and the take-off”.
A recipe that Jesse Owen used already 80 years ago.7HU�2YDQHVMDQ������:RUOG�5HFRUG�+ROGHU��+LJK�/RQJ�-XPSHU�ZLWK�D�

FKDUDFWHULVWLF�MXPSLQJ�ZLWK�D�SRZHUIXO�EUDNLQJ�YHUWLFDO�IRUFH�XVLQJ�
WKH�MXPSLQJ�OHJ�DV�D�VSULQJ\�URG��

´-HVVH�2ZHQ�VHHPHG�WR�MXVW�
UXQQLQJ�RXW�LQ�WKH�WDNH�RIIµ��
7KLV�GUDZLQJ�IURP�WKH���·V�VKRZ�
-HVVH�2ZHQV�XSULJKW�SRVWXUH�
ZLWK�IRRW�LQVHUWLRQ�DIWHU�D�VKRUW�
ODVW�VWHS�

/DUU\�6FKQHLGHU�-HVVH�2ZHQ·V�
FRDFK��´7KH�FHQWHU�RI�JUDYLW\�
PXVW�EH�DKHDG�RI�WKH�WDNH�RII�
IRRWµ�DIWHU�D�VKRUWHQHG�ODVW�VWHS
DQG�XSULJKW�SRVWXUH��7KLV�ROG�
VFKHPDWLF�GUDZLQJ��LV�VKRZLQJ�
WKLV�D�ELW�H[DJJHUDWLQJ�

7KLV�GUDZLQJ�LV�,QWHUHVWLQJ�LQ�FRPSDULVRQ�WR�%ULWWQH\�5HHVH
HQHUJHWLF�IRUZDUG�LQFOLQDWLRQ�RI�WUXQN�VWLOO�XQWLO�WKH�ODVW�VWHS�
7KLV�LV�DOVR�FOHDUO\�VHHQ�LQ�ROG�PRYLH�FOLSV�RI�-HVVH�2ZHQ�
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Later movie studies shown this. (see page 70 and 73)



5.3 Program for sprint and long jump,  
  with powersprint® strength training

General Period I 
    Day 1 (Tuesday):  
� �� ����6SHFLÀN�´%DVH� 
  
                   ���[������������� Metod II

� �� ����*HQHUDO�´%DVHµ
   �([HUFLVH�(����-��6HH�SLFWXUHV�GRZQ� 
                     Method II
                   �6LW�XSV��[������������, Method I�
� �� ��'D\����)ULGD\���6SHFLÀN�6SHHG�VWUHQJWK
�
    ���$���%ORFNVWDUW��DOW��$�D�E��$FF��,���[����������* 
� �� ����$���$FF��,,��DOW��$���0D[�SKDVH���$�E�7DNH�RII��

*
  6SHFLÀN�3UHSHUDWLRQ�3HULRG�,,�
    Day 1 (Tuesday):  
� �� �6SHFLÀN�PD[LPXP�VWUHQJWK���1P&�

 
    
     1P&�PHWKRG
� �� �

��,QWHU��,QWUD�PXVFXODU\�&RRUGLQDWLRQ
� �� �'D\����)ULGD\���6SHFLÀN�6SHHG�VWUHQJWK
�
     $���%ORFNVWDUW��DOW��$�D�E��$FF�,�����[��������
 
� �� �$���$FF��,,��DOW��$���0D[��SIDVH���

3HUIRUPDQFH�3UHSHUDWLRQ�3HULRG�,,,���
�  
  
 �� �����[���������1P&�PHWKRG��[���������1P&�µ([SORVLYHµ
     'D\����)ULGD\���6SHFLÀN�6SHHG�VWUHQJWK
�
     $���%ORFNVWDUW��DOW��$�D�E��$FF�,�����[��������
 
� �� �$���$FF��,,��DOW��$���0D[��SIDVH����$�E�7DNH�RII
� �� �� ���� ���� �� ��� � � � � �� � �[����������“Speed strength method 
 

Strength training program 

The program is primarily intended for the sprinters and long jumper.
To understand the purpose of the program and use the powersprint, 
sprinter technology (Chapter 4) and exercise performance with power-
sprint (pages 58-60) should be studied. A full year’s Planning Scheme  
 with periodization  and propose to  training volume 
 

proposals for progressive dosing volume. Important to 

All periods:
Speed strength training (Ss) 
Muscle power method     Speed strength training (Ss) 
    Rest : 3-7min
     

Period I: Anatomic adaption Method I, volume 
and intensity:
Method I   Method II   Rest:1-2min   

                 

Period II: 
Nerve-muscle coordination training (NmC),
Maximum strength
NmC-method    Rest : 3-5min
   Alt. (0D[��´H[SORVLYHµ force,  
      quicker movements
                 80-90%2-6 x 

                30-40%
  set   
2-3 x                 55-60%

  set   
2-4 x 

                40-60%
  set   15-
2-3 x 2-3 x  60-80)%

 set    10-6rep

                 70-80%
  set    8-6rep   
2-4 x 

76� � � 

��6SULQW�WUDLQLQJ�WDNHV�SODFH�ZKHQ�WKH�SULQFLSOH�´VKRUW�WR�ORQJµ

/HJ�H[WHQVLRQ
�gYQ��DOWHUQDWLY�

Block startAcc IIMax pfase Acc Ia
 IURP�NQHH��


$OO�WKH�H[HUFLVHV�ZLWK�OHWWHU�GHVLJQDWLRQV��ZKLFK�DUH�IRXQG�LQ�WKH�SODQQLQJ�VFKHGXOH
,��%UDQFK�6SHFLÀFDOO\��3RZHU�6SULQW��%ORFNVWDUW�$���$FF�,�$�D$�E��$FF�,,�$��%��&���0D[�SIDVH�$��%��&��
� �7DNH�RII�$�E�,,��*HQHUDO��ZKRVH�SULPDU\�SXUSRVH�LV�SK\VLFDO�YHUVDWLOLW\�EXW�DOVR�UHJHQHUDWLQJ��

Acc Ib
 

E2 F1 F2 G H I JE1

A4b D*

Take-off

a 

1

2a

2b

3

4

b 

4b

A4B4C4 A1  A3B3C3 A2b A2a 
a b 

6TXDWV�
´+DFNOLIWµ

4-5x80-85 2x87,5

T

2-4x

A4b Take-off
2-4x6-7/55-60%

set. 5-2rep

6 6

Performance period IV. (See appendix)

***

aAand intensity, see appendix 5a and 5b
Note small framed tables to the right of appendix 5b with

 choose a careful escalation for youth and juniors.   Powersprint B3, B4 (See picture and appendix 5a)

   Powersprint C3, C4 (See picture and appendix 5)

    Powersprint C3, C4 (See picture and appendix 5)
   Day 1 (Tuesday) Specififik maximum strength)

Sit-ups
Back raise

 Basic II "Long 
Jump Take-off "

Basic I "Total 
Hamstr. - Glut."

Bench 
press

LatsForward kick
straight leg

F1 F2 G H I

(D) Powercleans from knee  alt. to 
(F1) basic I "Total Hamstr.- Glut"

*)
***) You need a selfmade padded back support

Powerclean

(Alternative)
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�Assumed probable weight gain 
  Because of Hypertrophy
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42

36

30

24

18

12

6 �����

�����

�����

�����

�����

�����

�����
�����

1,0*  

1,063*  

1,126  

1,188  

1,249  

1,309  

1,35  

1,39 
1,418 

������PDFUR�
F\NOH��


� Rel. Strength development W.sprint 

Vision:
:RPHQ�6SULQW����
/RQJ�MXPSHUV
100m

12.0

11.8

11.6

11.4

11.2

11.1

10.9
10.8

Long 
MXPS

5.60

5.80

6.02

6.28

6.43

6.63

6.90
7.0

��

 Macrocykle: 1 2 3 4 5 6 7 8 

6.7711.0

**��1RWH�,QFO��ZHLJKW�RI�WKH�PDFKLQH�
  18kg. Calculation of training 
  volume for example: 
� � ����50������[��� ������� ���NJ

0DFUR�
Cykle

���Y

���K

���Y

���K

���Y

���K

���Y

���K

���Y

3RZHU�
sprint
block start

66**

70,5

75,5

80,5

85

90

94

97
99

Plan.
Dev
Ex. 1

Plan.
Dev.
Ex. 2

88

�

 

  

  

  

  

  

 

69

73

77,5

82

85

90

Weight,
Exampel***
W. sprint
Ex. 1

60

60,5

61

61,5

62

62,5

63

63,2
63,4

Ex. 2

55

55,5

56,9

56,4

56,8

57,3

57,7

57,9
58,1

3RZHU�
Sprint 
Acc II
Plan.
Dev..
Ex. 1

Plan.
Dev.
Ex. 2

54,5**

58

63

66,5

70,5

74,5

77,5

80
82

 

  

  

  

  

  

 

60**

64

61**

65

70

74

78,5

83,5

86,5

91.5
89,5

Plan.
Dev.
Ex. 1

Plan.
Dev.
Ex. 2

Cleans

50

53

57,5

60,5

64,5

68,5

71

73,5
75

45

48

51,5

55

58

61,5

64

66
67,5

Relative Strength growth

���2018���2017���2016���2015���2014

Acc. II B3C3
The same technique as for ACC1, but while the running gradu-
ally becomes more erect you use the technology by any of the 
below described max. pfase models.

Max.pfase A4B4C4 APT mode “/RQJ�URWDWLRQ�LQ�WKH�KLS�MRLQWµ�
  a .  1. Tilt the pelvis forward (APT mode
     2. Insert the edge of the foot with the heel low uplifted   

� � ���´3UHWHQVLRQµ�E\�WKDW��´ORFNµ�LQ�WKH�WKH�DQNOH�DQG�NQHH�MRLQW�ZLWK
      experience of an elastic rod. Concentration on Glut. o Ham. 
  b:   Attack the machine and let the heel elastic short tusch the ground
  b-c:   Explode with Glut. och Ham. Experience the rotation of the leg in hip
� � � � � � �´&\FOLQJµ�PRWLRQ���1RZ�LQ�$73�PRGH�IDUWKHU�EHKLQG�WKH�KLS�
� � F�G��� ����7U\�WR�PDLQWDLQ�D�FHUWDLQ�´ORFNµ��HVSHFLDOO\�LQ�WKH�NQHH��WKH�OHJ
� � � � � � WKHQ�IRUP�D�´GULYLQJ�IRUFHµ�WRUTXH�DUP��  
  d-f:  Maintain Pelvis, the APT mode. The leg inward rotated over the big  

    toe with adductor magnus and even knee joint possibly be extended

Acc. I A2 Drive pfase
a .   1. Pelvis forward tilted (APT) mode. (Cf. Clean. fr. knee)
    2. The foot is inserted behind the center of gravity of the trunk,  

  which is tilted  about 45 ° . 
    3. Insert the edge of the  foot blade.
a-d:   The  Push-off is done with that the leg, inward rotated   

 over the big toe with help of adductor magnus. (cfr. skating).
c-d: 1. Pelvis tilted backward explosive to PPT mode(Cf. Clean).
    2. Concentration on the gluteus and mainly the quadriceps 
       
      

Max.pfase A4B4C4 PPT-APT mode “Short-long rotation in hip�MRLQW�µ 
  a .  1. Tilt the pelvis backforward (PPT mode
     2. Insert the edge of the foot with the heel low uplifted   

� � ���´3UHWHQVLRQµ�E\�WKDW��´ORFNµ�LQ�WKH�WKH�DQNOH�DQG�NQHH�MRLQW�ZLWK
      experience of an elastic rod. Concentration on Glut. o Ham. 
  b:   Attack the machine and let the heel elastic short tusch the ground 
  b-c:   Explode with Glut. och Ham. Experience the rotation of the leg in hip
� � � � � � �´&\FOLQJµ�PRWLRQ���� �
  c-d:  1.  Tilt pelvis forward to ATP-mode. At the same time uprise the trunk a little  

   You need strong back and iliopsoas (swingleg) for this. Experience ham- 
   string’s rotation of the leg backwards    
  2. Leg is inward rotated over the big toe with help of adductor magnus.

Quadriceps dominance. Hamstring isometric antagonistic.
 a-b: 1. - 3. The same technique as above
 b-c:  Attack the mashine and let the heel tusch the ground
� � � � � � ([SHULHQFH�WKH�PDFKLQH�DQG�ORDG�SURYLGHV�D�UHÁH[�UHPLVVLRQ�RI�NQHH
� F�G��� � ([SORGH�WKH�TXDGULFHSV�DQG�´KROG�DJDLQVWµ�SRZHUIXOO\�LVRPHWULF�ZLWK
      hamstring. inward rotate leg over the big toe by the adductor magnus.

a d e fb c



Basic I "Total" hamstr. 
and Gluteus exercise T

Basic I)for hip extensors and mainly gluteus and hamstring. The 
exercise may seen as a simple “Step-up” but can now be done 
with extra high security, and you get hamstring to take part in the 
total movement, which occurs as a very big motion from extremly 
stretched muscle. Important to keep ATP-Hip posittion all the way. 
Basic II "Long-Jump take off" is a great hip extension exercise 
which as basic I could be done "excentric-concentric"(See also
Appendix 4 and 5 with bigger illustrations of these exercises.)

General exercises with Powersprint

Basic II "Long jump 
take-off"

Specifific exercise with powersprint 
Speedstrength and explosive maximum strength   
Acceleration I  Blockstart 
The exercises for accelerate I are training explosive maximum 
strength and speed strength for the technology of the starting 
steps. The exercise for block-start is a specifific technique train-
ing where you perfect could use a start-block. Is used primarily 
as a speed strength exercises. Still possible for both specifific 
explosive maximum and speed strength of the quadriceps, ham-
strings and the gluteus, but also for extending the ankle with 
soleus and the gastrocnemius. In the acceleration I in addition 
is also training hip side and adductors. (See text and graphics 
on pages. 58-59). The posture and movements of Pelvis  is very 
much a secret of sprint running (Author). Mainly the quadri-
ceps and gluteus are engaged, but for driving the body forward 
flflat, hamstring is required to “resist against”. ie according to 
Wieman hamstring then is working isometric ((See p. 49 Fig. 109). 
The machine need a a platform (ramp) which you  easily could 
built of wood and dressed with a rubber mat 

Explosive maximum strength and speed strength 
Acc II and Maximum phase 
Training of technical details for the Acceleration II and the 
various individual max phase sprint models (see pages 58-59 
can be done as a basic exercise, but is primarily used to train 
explosive maximum strength (NMC “explosive”) and speed 
strength. Might as well as other exercises, such as take-off (see 
page 72, fifig 153) for the long jump, strongly contributing to 
improved technology.advantage).

Manual for Powersprint:
1. Grip with the palm upward (“Curlfattning”) and pull gently the elbows
against the body.      
    
2. The pressure should be distributed on several points. and work actively 
with the upper body. Feel the pressure is distributed on abdominal, chest 
muscles, shoulder and back muscles. Try also on the feels good to angle the 
elbows slightly against the oblique abdominal muscles.    

3. You is recomended to build a platform (120x500x1400,  (height, width 
length)) by wood dressed with a rubber mat

Acc I, fifirst two steps Block start 

Advanced: Acc I, fifirst  steps Block start
   s per

Acc II - maxpfase   Acc I, higher posit

Max pfase.  
Powersprint machine, the
original, with a "curl grip" on 
a rotating steel bar, as it at last 
turned out to be the optimal 
function.



EMG test studying muscular effort during sprint and Pow-
ersprint. The test was performed on a Swedish female junior 
elite sprinter. Analyzed data received from the test is presented 
below. 1
SPRINT
Recovery phase 1-3: 
Activity from Semitendinosus (St)* in the beginning of the 
recovery phase. Biceps femoris might also be activated*
Recovery phase 4-5: 
Activity from Adductor magnus (Am) and Gluteus maximus 
(Gm) just before the foot strike. St and Vl are pre activated 
with subtle isometric muscle tonus.*
Ground contact phase 6-8: activity from Gm and Vl work-
ing hard to resist great vertical forces. Am is activated during 
the rotational movement of the forefoot after foot strike (see 
page 59)
Ground contact phase 8-9: St and Am activation shows that 
WKH�PXVFOHV�DUH�ZRUNLQJ�KDUG�LQ�WKH�ÀQDO�VWDJH�RI�WKH�SXVK
off. This is probably typical for the Sprint model PPT-ATP 
PRGH��´6KRUW�ORQJ�URWDWLRQ�LQ�WKH�KLSµ
��3DJH������7KLV�
corresponding to the Wiemann-Tidow study.

POWERSPRINT
Ground contact phase 6:
Activation mainly from St and Am showing great response in 
the beginning of the movement. St is the main muscle work-
LQJ�GXULQJ�WKH�´FODZLQJµ�PRYHPHQW�RYHU�WKH�VXUIDFH� Am is 
activated during the rotational movement of the forefoot after 
foot strike (see page 59)
Ground contact phase 7:
Activity from Gm and Vl working hard to resist great vertical 
forces. The knee is slightly angled, either active or by vertical 
load forces.
Ground phase 8-9:
Activation from St might be an expression that St either ex-
tends the knee or perform an isometric exercise* probably in 
this case isometric as an antagonist, while Vl extend the knee 
DQG�KLS��GHVFULEHG�DW�SDJH�����7KH�ÀQDO�DOWHUQDWLYH�FRUUHVSRQG�
to the sprint model PPT-APT-mode Quadriceps dominance, 
Hamstring, isometric* antagonistic function. Gm is not 
involved in the push-off similar to what sprint EMG showed. 
St is active near the end of the ground phase making complete 
knee extension impossible.

Powersprint EMG data table. In comparison with 
conventional exercises for sprinters.
As an exercise machine designed to improve sprint and 
speed, the data from this EMG study shows that compared to 
the most commonly used strength exercises in this area the 
Powersprint is a fantastic alternative. Semitendinosus (St) in 
the hamstring group* seems to be much better activated in 
Powersprint than in Olympic lifting. Powersprint shows equal 
muscle activity as Olympic lifting concerning the other meas-
ured muscle groups in this study.

By studying this EMG data you will notice that the Power-
sprint is a versatile super tool to improve sprint and speed. 
next page 80 shows the test person in the studied exercises.1

Vastus
lateralis
�9O�

6HPLWHQ�
dinosus
�+DP�
VWULQJ�
�6W�

Adductor
magnus
�$P�

Gluteus
maximus
�*P�

Powersprint 

1 2 3 4 5 6 7 8 9

Ground phase 
1 2 3 4 5 6 7 8 9

Recovery phase Ground phase 
Sprint 

Sprint Reac�
tive�
MXPSV

Squats Lunges Clean 
and 
MHUN

Snatch
35kg

Clean
55kg

Vl 0,178 0,113 0,119 0,188 0,144 0,157 0,200

Am 0,129 0,084 0,049 0,061 0,054 0,073 0,073

St 0,248 0,392 0,047 0,073 0,17 0,236 0,210

Gm 0,261 0,244 0,082 0,080 0,175 0,196 0,210

3RZHU�
sprint
�.RQF��

10kg 14kg 32kg

Vl 0,157 0,174 0,179

Am 0,078 0,069 0,078

St 0,588 0,555 0,378

Gm 0,217 0,230 0,212

(0*�GDWD
Mean EMG Activity

Knee
angles

*) NOTE: The electrodes were placed over the semitendinosus. However, the  
 risk of crosstalk. Statement: Is there reference which prove this?

1) The authors text reviewed and processed by Magnus Warfvinge.  

EMG electrode placement (right leg).

5.5 New swedish comparative EMG analysis of sprint with  
� �3RZHUVSULQW��������
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Youth Swedish champion in sprint and longjump,
Lisa Warfwinge, here Powersprint training.

Cleans Snatch

Lunges Clean and Jerk

Squats Reactive Jumps

Sprint,  maximum  phace

Powersprint,  maximum  phace

80

The images above shows young sprinters
trying Powersprint - Note! An older type of 
machine with a support arm against the 
stomach. No longer used but otherwise
The picture illustrates the machine's 
function great.

*)

*)
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 Progressive training volume: 
� �� � � � �\HDU����������VHULH�
� �� �� � � ´���������������´���� � ��
� �� � �7KLV�VFKHGXOH�IRU�HOLWH���������´�������
 

  
 Progressive sprint training volume:  
� ��� � \HDU������V�D�UHS�����
� ��� �´��� � �� �������´������ ����� ��
���7KLV�VFKHGXOH���IRU�HOLWH����´���´�� ���� �
 

  
 Progressive sprint training volume:  
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 Progressive training volume:
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� ���7KLV�VFKHGXOH���IRU�HOLWH��������´�����������´����
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Appendix 5b



Appendix 6



Appendix 7

Fig 47 shows a muscle specific exercise (basic II) for the first  starting 
steps. Is also be a extremly great exercise för the take-off of in the long 
jump. Can be performed in a concentric - excentric ”pumping” rytm or 
just concentric.

Note the thick rubber mat under the heel 
to protect excessive Achilles tendon.
This and often useing Weight Lifting Belt when 
you strength train is strongly recommended (Author)
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