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1lysis of the Kinetic Chain Model

and Drive
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RRISIs: o) Critical Force Maximization (CFM)

seted; b) Double Kinetic Chain (DKC) model is
it new approach Jor the role of the wrist is presented.

INTRODUCTION

the standard mathematical way, which is pretty much what

one is obliged to abide by if one is to use mathematics at
all and be making logical sense; this is in direct contrast to science,
where researchers’ models, albeit “mathematical”, are made the
other way around, i.e. from observations by measuring variables, this
being a serious logical deviation. Therefore, one may read scientific
articles stating e.g. “Male and female players should be trained to
develop the kinematics measured in this study in order to produce
effective high-velocity serves”], or come across books and chapters
such as the “Biomechanics of striking and kicking”?. Measuring (e.g.
indubitably extremely skilled youngsters) and Ppresenting recorded
data as a model is analogous to begging the question; models should

always be constructed a priori, predicting outcomes, and not accommo-
dating observations.

E pisteme starts with the abstract principle and applies it, as in

However, merely recording kinematw}aata f
standing why they show up this w
kinematic laws even, always
be “theory-independent” ex
be confirmed through ex

theoretical model for Forehand Drive (FD) is presented,
eralizable (in principle) to other shots (or other similar m:
An outcome of the following analysis is that, against preva
proaches, it aspires to question the use of wrist in FD.
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« REHABILITATION ORIGINAL RESEARCH =«

Eq. 2
Ll =T] = V1 (since VeS/t), when T) = 1] = V1)

..or via a d'Alembert force acting on the weight after the said shift
of the pivot point. This is very important in the SKC model, because
what it really means is that a player still has one more last-moment
resource to recruit: their antagonists (after both active and passive
tension from agonist muscles has maximally contributed) .

Antagonists, normally recruited only to stabilize the joints, now play
a critical role in actively decelerating a segment so that the pivot
point will be shifted forward and the subsequent segment will accel-
erate. Thatis another benefit of SKC. The whip effect is more evident
nteraction of segments that are towards the end of the kinetic
= they have much lower mass and - therefore — much higher
ennis, the whip effect is more evident in the pectoralis/
nii system and in the upper arm segment connected with
w joint. The antagonist muscles responsible for the whip
v the triceps brachii and the posterior deltoids, which togeth-
Ierate the elbow. The elbow stops its movement almost exactly
L ball contact (a boundary condition) to induce the whip effect and
turther accelerate the forearm /racket system.

Another crucial characteristic of the body, at least when we see it as
a pendulum system with a partly forward progressing pivot point
(partly because there is another pivot point - the initial one which
was on the front foot — that remains active), is that the body is not
non-elastic (the thread of a theoretical pendulum in non-elastic), It
actually alters its own length (shortens at impact) acting as a spring
further affecting L and further accelerating the movement. For

this to occur, full relaxation of the musculature is required during
the backswing phase. Not until the forward-swing should there

be active recruitment of the agonist muscles, and, exactly prior to
ball-contact, activatioﬁdfh‘ijtﬂg‘_bnist muscles should take place, as
described earlier,

Figure 4 Kinetic chain of Pete Sampras’ FD (adapted from?).
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KINETIC CHAIN ANALYSIS

Having as a starting point Sampras’s ED. kinetic
let us idealize and elaborate on the former a bit n C
graph (circled) denoting contact with the ball will be
accordance with the epistemonic method: inferprets

of name-giving to meaningless archetypes.

everything a player does, in the literal sense, has
iour of their racket at contact period as a goal.
is applied force (F) x time (t) (J=FAt). Exactly because
exists, F must be as big as possible for this period in ord
maximum’. The conventions made were: the curve
X-axis is greatly enlarged and jerk graph is ad
the said conventions do not compromise our final

Figure 5 Contact period analysed.
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«. ORTHOPAEDICS ORIGINAL RESEARCH =

THE DOUBLE KINETIC CHAIN

Both beginners and professionals, subject to coordination and
time-restriction problems respectively, may find the utilization of a
SKC in FD problematic. The problem may be reduced to an analys-
ing of Degrees Of Freedom (DOF's) corresponding to the number of
kinematic measurements needed to completely describe the position
of an object. A simple way to reduce DOF's is to reduce (freeze) seg-
ments. In play, there are some very popular ways to reduce DOF's,
namely open-stance (eliminating the very first segments of the kinet-
ic chain) or the elimination of the pre-stretch of chest musculature
(thus eliminating one of the last segments).

Playing tennis is full of surprises. Thus, it is often necessary for the
player to use manipulations and thus deliberately reduce the seg-
ments. Therefore, in many cases, it seems that reduction of DOF's is
a “necessary evil”. However, here the author will argue that reduc-
ing the DOF’s in forehand is also the optimal way to hit the ball.

ASKC, used in tennis serve, javelin or discus throw is optimal be-
cause it maximizes speed. In groundstrokes, however, where there
is a fast incoming ball, one needs to resist it first before one is able to
redirect it. A double kinetic chain is proposed here for this: upper body
moving in a SKC, coordinated to reach contact with the ball at the
same time when the weight-transfer has just finished. A very similar
manipulation is used to control the Japanese samurai sword and
bokken: the end of cut and the weight-transfer are perfectly coordi-
nated to finish simultaneously. Cutting is done with a SKC (upper
body), which, in the end, works in parallel (UKC) with the lower
body. CEM h ere is achieved by the accuracy in the coordination of
the two kinetic chains: one serial and one one-unit. In the kinetic
chain graphs of tennis strokes, the double kinetic chain is not visible,
as the transfer of weight is not depicted (only the velocities of shoul-
der, elbow, hand and racket are recorded).

If one treats the racket-arm and the legs as two ind
tem', then one may apply the concept of forced o
racket-arm system then is oscillating with
given frequency. In this case, proper timing by
produce resonance. The racket-arm system, when
contact point, subject to the constraints discuss
pages, may be considered as the independent physica
system, connected with the rest of the body through a sp ing
be shown that, if a driving force (from the legs) of the same

acts upon this system, the system will resonate, i.e. the 2

will reach its maximum value.

CONCLUSION

Some main points have been presented in regard to
part of the model for a FD; a final model should i
of aerodynamics of a travelling tennis ball in co
ysis of torques on the ball at contact point. How
translate into a forehand drive would be the final
the mechanism has been fully described . _
more light on the applied part of the Double Kinetic
1.e. constructing (recording) more holistic, accurate and n

kinetic chain graphs, would improve our understanding.

* Merely recording kinematic data is different from 1
why they are this way

* Maximization of force during the whole durati
called Critical Force Maximization (CEM). It is
element to understand power production in the d
chain model.

* Wrist utilization is discouraged.
* Double Kinetic Chain is the proposed model for éf maximiz
tion of CFM ‘
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