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vVmax Aa (1.4 ± 0.1m/sec) as the specialists. The mean varia-
tion coefficient of the velocity of the specialists was of 0.44 ±
0.04 while for the non-specialists was 0.41 ± 0.06. For both
independent variables (gender and speciality), no significant
differences were obtained on analysed parameters previously
discussed (p ≤ 0.01). 
The hip velocity shows the same patterns as the CG.
Nevertheless it shows higher variations, probably associated to
the fact of being a static body landmark; the peaks and valleys
of CG velocity variation profile are, instead, minimized by the
movement of the limbs throughout the stroke. As an example,
we can take the upper limbs movement effect on the CG kine-
matics during the arm stroke phase; during this action the hip
velocity increases more than the CG velocity, once the arms are
creating propulsion by pulling back relatively to the body
(accelerating the body, and the hip), but this backward move-
ment of the arms toward the feet serves also to bring the CG
slightly toward the feet, reducing the forward velocity increase.
This phenomenon leads us to more extreme velocity values
expected, and obtained to the hip in comparison to the CG. 
The Pearson correlation coefficients obtained between the veloci-
ty distributions obtained for the hip (videogrametrically - ViVhip1

-and velocimetrically - ViVhip2) and the CG are presented in Table
2, as well as the mean values calculated for the sample results. 

Table 2. Pearson Correlation Coefficients obtained for each subject, and
respective mean and standard deviation values for ViVhip1 vs. ViVCG ,

for ViVhip2 vs. ViVCG and for ViVhip1 vs. ViVhip2.

Subject viVhip1 vs. viVCG viVhip2 vs. viVCG viVhip1 vs. viVhip2

1 0.92** 0.89** 0.94**
2 0.96** 0.86** 0.91**
3 0.93** 0.95** 0.97**
4 0.90** 0.89** 0.99**
5 0.91** 0.90** 0.96**
6 0.95** 0.95** 0.99**
7 0.94** 0.89** 0.98**
8 0.91** 0.91** 0.97**
9 0.86** 0.88** 0.95**
10 0.94** 0.93** 0.97**
Mean ± sd 0.92 ± 0.03 0.90 ± 0.03 0.96 ± 0.02
** p ≤ 0.01

The correlations were positive and significant for ViVhip1 with
ViVCG (r=0.92 ± 0.03), for ViVhip2 with ViVCG (r=0.90 ± 0.03)
and for ViVhip1 with ViVhip2 (r=0.96 ± 0.02). Data obtained
seems to be in accordance with those previously published by
Maglischo et al. [4] despite correlations were not so expressive.
All correlations were statistically significant for p ≤ 0.01. 

CONCLUSION
The speedometer can be used as a tool for diagnosing problems
within stroke cycle due to the similar velocities patterns of the
hip and CG. The hip and CG tended to accelerate and deceler-
ate at nearly the same time. The hip velocity peaks tended to
reach more extreme values as compared to the CG.
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In this study, one disabled world record holder in crawl sprint
is taken as a test case.  In trying out various styles to optimize
his performance, a rotating arm action style appeared to be the
fastest on 50m sprint and a glide stroke with high elbow on
longer distances.  Movement analyses of the swimmer and
observation of coloured water, displaced by the arm pull, were
combined.  During the downward movement of the hand in the
stroke with high elbow, propulsion could be generated. In the
two fastest styles, water appeared to be better displaced back-
ward than in the other styles.
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INTRODUCTION
In this study, a disabled world record holder on 50m crawl par-
ticipated in analysing his own technique.  Due to an osteo sar-
coma, his right leg was amputated above the knee in 1989, at
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the age of six.  Since 1995, he visited the Leuven Evaluation
Centre frequently for technical and physical analyses.  Since
1999, he competed in major championships in the S9 class
(S10 is the least disabled).  
In the Evaluation Centre, the first technical analyses of leg-
amputated competitors were made at the Paralympics in
Heidelberg, 1972 (5).  They succeed in avoiding lateral body
displacements by alternating a usual downward two-beat kick
with a horizontal cross over leg kick.  Nevertheless, at one side
the body did not roll much, which was combined with a rela-
tively lateral arm action.  To keep the body horizontal, notwith-
standing only one downward kick, submersing the head and
entering the fore arm steeply downward were advised. 
At the Paralympics in Athens, 2004, for the subject in this
study a so-called rotating arm action style was the fastest on
the 50m but too exhausting on the 100m.  After the Games,
his sprint styles were further investigated as well as a glide
stroke with high elbow for longer distances.  Because his upper
limbs were very strong, he used a long arm lever, which was
predominantly vertical (fig. 1). He experimented also with
other levers.  To simplify the problem of the body roll, he did
not breathe.  From video recordings, a quick routine movement
analysis was made of the timing and the velocity variation.  In
addition, the direction of water displaced by the arm action
could be estimated from side view by using coloured powder. 
In this study, a didactical approach, following Maglischo (3),
was chosen to explain propulsion, namely that “the law of
action-reaction offers the most likely explanation for human swimming
propulsion”. Some authors, including those of this article,
adhere the vortices theory (1, 8), while others treat this theory
with caution (4).  In this article, only visualised water, dis-
placed behind the arm is discussed.

Figure 1. Front view of a leg-amputated crawl swimmer. Three instants
delimiting phases (from side view, angles hand-shoulder-horizontal of

45°, 90° and 135°).

METHODS
The trials were recorded with two video cameras below the
water surface (Sony-DV), from side and front view. A side
view video-sequence was transferred to a PC using Adobe
Premiere software.  To study the timing, the instants delimi-
ting phases of the arms were determined most at precise
angles hand-shoulder-horizontal (fig. 2 and 3: C) (6).  During
one cycle, these phases were specified for both arms as well as
the downward and horizontal cross over left leg kicks.  To
make interpretations about propulsion, a curve of the corre-
sponding swimming velocity variation was calculated by digi-
tising a point close to the hip joint every 0.04 sec (using TPS-
DIG software) (fig.2 and 3: E).  Because the two arms remain
approximately opposed to each other with a rotating arm
action, the hip velocity can be considered as almost equal to
the velocity of the body centre of mass.  Further, the paths of
the midpoint of the hand or of the flat part of the forearm
(wrist) with a high elbow style were drawn, as well as the

positions of the hand or forearm at the instants delimiting the
phases (fig. 2 and 3: A).
To visualise water displaced from the hand or wrist, a tape
(containing sodium fluorescelnate powder) was attached on
one of the midpoints (2).  During the downward press phase,
the displaced water could be observed apart (fig. 2 and 3: A
1).  During the whole arm cycle, with small lateral deviations
and a predominantly vertical hand path (fig. 1), three sepa-
rate parts of displaced water (corresponding to three sweeps,
from entry to  ± 90°, to ±135° and to 180°) could be distin-
guished and were coloured differently on the still pictures
(grey, black and white) (using Adobe Photoshop).  The direc-
tion and the distance of these three displaced water parts
could be estimated (from vertical white lines) (fig. 2 and 3: A
and fig. 4).

Figure 2: One cycle of a rotating arm action crawl of a leg-amputated
competitor.

B: From a side view video recording, every 0.16 s a picture was taken.  
D and C: Time line (s) and timing of the phases of:

- both arm actions: Entry, Downward press (to 45° in the angle hand-
shoulder-horizontal), Pull (45° to 90°), Push (90° to 135°), Exit and

Recovery, 
- left leg actions: a usual downward 2 beat and a cross over (X) 2

beat.
E: Velocity variation of the hip and the average velocity (m/s).

A: The path of the midpoint of the left hand and its positions at the
phase delimiting instants. Coloured water (by dye dissolved at the mid-

point) divided in 4 parts:
- in A1: part kept close to the hand and forearm during the downward

press phase (grey)  
- in A2-A6: 3 separable parts, displaced during the whole cycle in

sweeps: a) down-backward, ± 0° to 90° (grey); b) slightly in-up-back-
ward, while flexing the arm, ± 90° to ± 135° (black), c) slightly out-

upward, ± 135° to out (white). The distance and the direction of 3
water parts displacements can be estimated from 3 vertical lines (each

starting when becoming visible).
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Figure 3. Glide stroke with high elbow: on each picture in A, the path of
the midpoint of the flat part of the forearm (wrist) and the positions of
the forearm at the phase delimiting instants. For explanation, see fig. 2. 

RESULTS AND DISCUSSION
In the glide stroke with high elbow, the velocity increases
already during the two downward press phases (fig. 3: E).
Because meanwhile no propulsion is generated by the kick,
while the other arm is recovering, the visualised water kept
close to the hand and forearm, indicates that there is suction,
resulting in propulsion (fig. 3: A1).  
The success of the rotating arm action and of the glide stroke
with high elbow could partly be explained because during each
of the three sweeps the direction of the additional displaced
water parts (including the water kept close to the arm during the
downward press apart) is predominantly backward (fig. 4: A and
B).  Amazingly, the direction of the water displaced from the
hand and from the wrist (with the high elbow style) is similar.  

Figure 4. Movement path of the middle of the hand in three sprint
styles (A, C, D) and of the forearm in a glide stroke with high elbow

(B).  For explanation, see fig. 2. 

Because lateral left hand movements were small, there could
be an analogy with the propulsion mechanism of the old pad-
dle wheel with movable blades (7).  Using a longer arm lever
in the rotating arm action, more water mass was displaced
but more vertically (fig. 4: C).  Using a shorter arm lever, the
parts of water displaced from the two first sweeps remain
above each other and the part of water from the second
sweep (black) is to close to the body (fig. 4: D). These obser-
vations could partly explain lower swimming velocities.  For
competitors with more body roll and more out and in sweeps
of the arm, a bottom-view video recording could provide addi-
tional information about a sideward component of the water
displaced backward. 

CONCLUSION
Already during this study, his performances were improving
although the training quantity was very limited, suggesting the
value of experimenting with and reasoning about ones own
technique. The recent performance improvements could partly
be explained by minor technique changes after observing the
water being displaced.  
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