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Dynamics in 

Javelin Throwing 
ANDREAS V. MAHERAS, PH.D. 

T
he javelin thrower and 
their implement can 
be considered as a sys-
tem moving in space 

and time, with a proper synergy 
between the two resulting in the 
maximum distance thrown. The 
javelin thrower themself can also 
be considered as a system — a 
system which is made of a num-
ber of body parts having their 
own mass and their own mass 
distribution, with the neuromus-
cular system being in charge of 
controlling the interaction of 
those individual parts. From a 
dynamic point of view, the final 
product of that interaction is 
the result of another interaction 
between muscular forces and 
external forces — the latter being 
the inertia of the implement and 
the body parts and also the force 
of gravity. General knowledge 
about movement interaction 
and coordination is essential 
for maximizing the positive 
mechanic effect on the throw. 
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LEG DYNAMICS 

A well-known axiom of all the throw-
ing events states that effective throwing 
relies heavily on the contribution of the 
legs. In javelin throwing, a few factors 
that are crucial for optimal performance 
include controlling the velocity of the 
system in the various phases of the 
throw, the position(s) of the body and 
that of the javelin, the acceleration path 
during the delivery of the implement, 
and control of the javelin at the moment 
of the final effort. 

Back leg. Hypothesizing that there is a 
need for high system speed before deliv-
ery, the back leg's action (along with that 
of the upper body) should ensure mini-
mal deceleration of the system's velocity 
during the final stride. Decreases in the 
speed of the body may range between 
0.31 to 0.67 m/sec. (Bartonientz, 2005). 
A sound technique should be geared 
towards reducing deceleration and 
"back lean" at the moment the right foot 
lands, following the execution of the 
impulse step. In turn, the movements 
preceding the impulse step will affect the 
actual position of the upper body at the 
moment the right foot touches down for 
the final stride. A high drive of the right 
leg during the impulse stride will most 
probably lead to a pronounced, back-
wards leaning upper body (figure 1). The 
explanation for this lies with Newton's 
third law (action-reaction) while the 
thrower is airborne. A better alternative 
may be one where, during the impulse, 
the left foot actively grabs the ground 
while the right leg is executing a shorter 
duration, scissors-like impulse. 

The idea of a backward lean of the 
torso may still be a misunderstood con-
cept. It was considered that such a lean 
would enable the thrower to increase 
the path of force exertion on the imple-
ment. However, for most throwers, the 
greater the backward tilt of the torso at 
the moment of landing on the right foot, 
the greater the loss of the system's veloc-
ity as previously implied. In addition, a 
reduced back lean will also contribute 
to a higher carry of the javelin (figure 
1), which has shown to be important in 
improving the aerodynamic position of 
the javelin at the time of release (Leigh 
et al., 2010; Best et al. 1993; Best et. al., 
1994). 
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Although several years ago the 
thought of increasing the velocity of the 
system — or even keeping it constant — 
after the execution of the impulse step 
was considered unattainable, the possi-
bility of that occurring may still exist. As 
the thrower executes an active impulse 
with the left foot, she keeps the upper 
body in a neutral and a rather vertical 
position. Following that impulse and 
during the forward "hovering" phase, 
the center of mass (c.m) is moving pretty 
much horizontally, with no appreciable 
upward or downward movement. The 
thrower's big goal at this time is to main-
tain her horizontal velocity while keep-
ing the c.m. unchanged. However, there 
is a big danger of slowing down upon 
landing on the right foot. Two actions 
that may prevent that from happening 
are a) the actual landing to occur exclu-
sively on the toes of the right foot and 
b) with a backwards pulling or "pawing" 
action on the part of the right foot as it 
is about to land. Therefore the javelin 
thrower thinks of pulling backward with 
her right foot, as if to increase horizon-
tal speed. She normally may not suc-
ceed at increasing horizontal speed, but 
by thinking of pulling back with the right 
foot and of gaining horizontal speed,  

she will actually succeed at maintaining 
horizontal speed, which was a minimal 
original goal (Dapena, 2019). 

Following those two actions, it is going 
to be hard for the thrower to continue 
pushing backward with the right foot for 
much longer after the left foot plants. 
This is because, ideally, the right leg will 
already be in such a backward position 
by then. One cannot push back any more 
because the right leg is at or close to the 
limit of its backward range of motion. 
In fact, almost immediately after the left 
foot plants, the right foot will be touch-
ing the ground only with the right toe, 
and immediately after that, the right foot 
will drag forward, it will literally slide 
forward (more or less) on the ground, 
contacting the ground only with the 
toe and/or with the upper and outward 
(leather) part of the shoe instead of with 
the sole. While the right foot slides for-
ward, the laws of mechanics say that it 
cannot be making any backward force 
on the ground any more. It will have to 
be making a forward force on the ground 
through friction, as well as a downward 
force on the ground. The forward hori-
zontal force made on the ground through 
friction (dragging) will make the ground 
exert, by reaction, a backward reac- 
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tion force on the foot (see figure 2). The 
downward vertical force made on the 
ground by the foot will make the ground 
exert an upward ground reaction force 
on the foot. Both of these forces are 
probably good, because they will help to 
promote clockwise motion of the whole 
system (in the view from the right side 
of the thrower). These two forces may 
not be hugely important, but if any-
thing, they will be positive for the overall 
throwing action. 

As for the significance of the mainte-
nance of high system speed during the 
final strides, analysis data of velocities 
of the center of mass for a full approach 
show that top athletes exhibit higher 
body velocity at the beginning of the 
delivery phase and that they also achieve 

the longest throws when their run up 
speed is at its highest. Generally, the 
higher speed levels and longer impulse 
strides lead to longer distances thrown 
(Leigh et al., 2010). 

Regarding the actual position of the 
right foot, after its final landing, in rela-
tion to the direction of the throw, that 
varies between almost zero degrees, i.e., 
in line with the direction of the throw, 
and ninety degrees, i.e., perpendicular 
to the direction of the throw. The first 
method may reduce the influence of a 
right leg drive (if any), whereas the lat-
ter may lead to knee injury caused by an 
inward bending. Therefore a right foot 
position somewhere in between, at forty 
five degrees, may be the preferred right 
foot landing position for many throwers 

(Sing, 1984). 
Front Leg. The action of that leg 

is power demanding, as it provides 
the means by which the thrower will 
abruptly stop her forward movement and 
initiate the throwing action. Both from 
a mechanical and a physiological point 
of view, a generously flexed front leg will 
not properly create the conditions for 
the thrower to achieve the desired "arch" 
position. Depending on the instance of 
the delivery phase, any observed knee 
flexion throughout this phase will vary 
a few degrees, with 180 degrees being a 
straight leg position. Smaller left knee 
flexion values (and high knee stability) 
are associated with higher performances 
(Mahmoud, 2010; Moriss et al., 1997). 
The front leg should be planted as fast as 
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FIGURE 1. BACK LEAN AND JAVELIN 
CARRY OF THREE DIFFERENT ATH-
LETES AT RIGHT FOOT CONTACT DUR-
ING THE FINAL STRIDE. FROM LEFT 
TO RIGHT, LEAST TO MOST OPTIMUM 
(ADAPTED FROM BARTONIETZ, 2005). 

         

         

         

         

          

          

          

          

          

           

 

FIGURE 2. CLOCKWISE ROTATION (C) 
OF THE THROWER + JAVELIN SYSTEM 
ABOUT ITS OWN CENTER OF GRAV-
ITY (CROSS INSIDE YELLOW CIRCLE) 
SHORTLY AFTER THE LEFT FOOT PLANT-
ING. ALSO SHOWN, BACKWARD GROUND 
REACTION FORCE (A) AND UPWARD 
GROUND REACTION FORCE (B). 

   

   

   

possible while the thrower should strive 
to limit any constraints in regards to the 
velocity of the system, the position of 
the front leg at the moment the back leg 
touches down, along with the action of 
the right foot itself. Time values as low 
as 0.14 sec. have been recorded (Morris 
et al., 1997) between right foot and left 
foot landing during the throwing stride. 

A firm front leg will allow for a short 
translation of the of the c.m during 
the final effort. Experimental data 
(e.g., Morriss et al., 1997) have shown 
the "firmness" of the front leg to be 
a reliable criterion for performance 
improvement. Another factor determin-
ing the effectiveness of the front leg is 
the length of the throwing stride itself. 
High caliber throwers tend to employ a 
longer throwing stride, whereas throw-
ers of lesser abilities employ shorter  

strides which are also characterized by 
steeper ground reaction forces. From a 
mechanical point of view, as the front 
leg touches down, the ground force 
which is created at that moment passes 
through the c.m and in turn results 
in the creation of a counterclockwise 
angular momentum of the upper body. 
At this moment, the direction of the 
force is at a high angle (see figure 3). 
This provides the foundation for the 
creation of the desired muscular ten-
sion and the "arch" position, which is 
created by the combination of an inert 
shoulder and arm, coupled with the 
aforementioned angular momentum. 

As the movement continues, the 
ground force will quickly change its 
direction and size. As far as the direc-
tion, that will act along the front leg, 
whereas the size of it will reach its  

maximum. The direction of the angu-
lar momentum changes to clockwise 
(figure 2) and as it occurs, it further 
enhances the thrusting of both the 
chest and the throwing arm, culminat-
ing with the projection of the javelin. 
This way there is a transfer of angular 
momentum from the body to the throw-
ing arm (LeBlank & Dapena, 1998). The 
angular momentum and its direction 
will affect the performance outcome 
particularly as it relates to the influence 
the front leg has upon it. As that leg 
flexes, there is a reduction in the size of 
the ground reaction force as well as a 
change in its direction. 

There is an observed strong depen-
dence between kinematic parameters 
(like joint angles and velocities), and 
performance levels — so much so that 
it is thought that differences in the for- 
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mer can explain differences in the latter. 
From a technical point of view, those 
'differences manifest themselves as, a) 
a smaller size ground reaction forces at 
right foot touch down after the impulse 
step, b) a more dynamic landing of that 
same foot with less backwards tilting 
of the torso, c) a maintenance or even 
increase of the system's velocity due to 
that dynamic activity of the back leg, d) 
a very dynamic activity of the front leg 
which generates high ground reaction 
forces and results in a rapid decelera-
tion of the system and a dramatic energy  

transfer from the body to the javelin 
(Bartonietz, 2005). 

The high demand placed on the front 
leg may limit the number of throws 
which can be attained during practice. 
In top athletes, the greatest amount 
of deceleration occurs during the first 
third of the delivery phase as revealed 
by ground reaction force data (figure 
4). A controlled throw in practice with a 
relatively low body speed of say 4m/sec., 
may eventually decelerate to 2 m/sec. in 
about 0.14 seconds as the left foot plants. 
This change in energy is approximately  

three and a half times smaller than that 
experienced in competition (Bartonietz, 
2005). Therefore, as the run up speed 
increases during competition throw-
ing, the energy demands also increase. 
On the other hand, the time to transfer 
the energy remains virtually constant, 
and this way the overall power required 
on the part of the thrower is fourfold 
because of the square influence of the 
velocity of the body on the energy and, 
in turn, on the power. From a mechani-
cal point of view, this explains why less 
powerful athletes, who demonstrate 
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an acceptable throwing pattern dur-
ing practice and at lower speeds, fail 
to do the same during a full approach. 
There is simply not adequate amount of 
power (Bartonietz, 2005). 

UPPER BODY AND THROWING ARM 
The momentum transfer theory is used 
to explain the velocities of the various 
body segments over time and expresses 
the impulse transmission to the imple-
ment. The big picture in applying this 
theory for a javelin thrower is that 
initially the thrower+javelin system 
is accelerated to acquire momentum 
(mass x velocity) and subsequently, a 
deceleration occurs which first includes 
the legs and the lower parts of the torso, 
resulting in the acceleration of the 
upper parts of the torso. In turn, the 
upper parts of the torso also decelerate 
while the upper arm, forearm and hand, 
in that order, also accelerate ending 
up in a "snapping" projection of the 
javelin. 

The seamless execution of the 
sequence of the above described 
movements will result in a smooth, 
not forced throw, which is "effortless" 
and is the result of an effective use 
of momentum transfer. This transfer  

occurs from muscles situated nearer 
to the center of the body (proximal) to 
those situated away from the center of 
the body (distal), following an optimal 
delay in their activation, and based on 
the mechanical interaction between the 
proximal and distal muscles involved. 
On the other hand, that seamless execu-
tion does not depend on the transfer 
of momentum alone in order to occur. 
Although effortless, in terms of lack of 
unnecessary and disorderly muscu-
lar activity, the delivery does require 
intense and coordinated muscular 
activity. This implies the development 
of skills such as the ability to delay the 
action of the throwing arm (Bartlett 
et. al., 1996) and generally, develop a 
"feel" for the javelin. The delaying of 
the arm in particular has a significant 
impact for performance as it is central 
in developing the necessary pretension 
and stretching just before the javelin 
release. The maximum of the "bow" 
phase can be considered the moment in 
time when the upper arm starts rotat-
ing internally or the moment when that 
arm stops rotating externally and the 
final acceleration of the javelin begins. 
At that exact time, the potential of the 
stretch-shortening cycle is employed, 

FIGURES. VELOCITIES OVER 
TIME OF THE CENTER OF 
MASS OF THE FOREARM, THE 
UPPER ARM, THE TRUNK 
AND THE WHOLE BODY 
BETWEEN THE INSTANCE OF 
LEFT FOOT PLANTING AND 
RELEASE (ADAPTED FROM 
BARTONIETZ, 200$). 

and there is an optimal body speed 
at which this cycle would work most 
efficiently. It has been hypothesized 
that a great amount of the difference 
in distance thrown between low speed 
approaches and higher speed approach-
es is due to a compromised efficiency of 
the musculotendinous system to indeed 
utilize the stretch — shortening cycle in 
lower speed conditions. 

ENERGY FLOW CONSIDERATIONS 
During the final effort which follows the 
planting of the front leg, the traditional 
model of energy flow as described by 
Kreighbaum & Barthels (1981), argues 
about a proximal to distal energy flow, 
as described above, and it states that 
the distal limb, the forearm, will accel-
erate because the proximal limb, upper 
arm, will decelerate to ensure appropri-
ate momentum transfer. On the other 
hand, Bartonietz (2005) argued that it is 
not the proximal limb that decelerates 
in order to accelerate the distal limb, 
but it is the other way around. Invoking 
Newton's action-reaction law, he stated 
that the proximal limb decelerates as 
a reaction to the acceleration action 
of the distal limb. Therefore it could 
be that distal limbs affect the proximal 
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limbs more than the other way around 
(also in Kulig et al., 1983). 

This possibility may be essential 
regarding the overall final effort in jav-
elin throwing and the movement of the 
upper body in particular. As the front 
leg plants, the velocity of the torso is 
virtually constant (figure 5), and will be 
influenced by the reaction of the arm 
acceleration. If the thrower, employing 
the proximal to distal order of energy 
flow, stops the forward movement of 
the trunk, in order to provide "proper" 
energy transfer to the arm, she will fail to 
work through with the upper body and 
instead, she will remain in a generally 
upright position, which will result in a 
decrease in release velocity, a high angle 
of release and a lack of a rolling in of the 
elbow. 

Therefore, an observation of the veloc-
ity changes of the various limbs may be 
sufficient in evaluating the individual 
throwing pattern of a thrower, but may 
not be sufficient in evaluating the contri-
bution of the various body segments to 
the throwing movement itself. 

CONCLUSIONS 

The javelin thrower needs to be trained 
to take advantage of the dynamics of 
her body segments so she can generate 
the maximum power and energy. A few 
important technical points to consider 
avoiding include, a) a low speed run 
up, or a run up that leads to a passive 
instead of an accelerating penultimate 
stride, b) an inactivity of the right leg 
which is manifested with a marked loss 
of speed and a lack of pushing the right 
side forward, c) a planting of the front 
leg in a flexed position, d) a steep plant-
ing angle of the front leg, e) an untimely 
delivery, or f) a premature movement of 
the throwing arm with the ensuing defi-
cit in muscular tension. 

The front leg in particular requires 
conditioning, both technical and mus-
cular, to be able to bring the system to a 
quick stop. General and specific power 
can be developed by strength exer-
cises and by practicing under approach 
speeds, that match those of competition. 
The amount of body speed lost during 
the delivery phase as a result of a firm 
block, can serve as a gauge of throwing 
efficiency, taking into account the ini-
tial speed. Because of the lower power 
demands, the lower the initial speed, the 
easier it is to rapidly decelerate, com- 

pared to achieving the same deceleration 
at higher initial body speeds. Generally, 
but not always, the lower the velocity of 
the center of gravity at release, the higher 
the velocity of release, an observation 
that accentuates the importance of the 
action of the front leg. 
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