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This is Part II of the paper “The Biomechanics of Unintended Consequences – An 
Update,” with Part I appearing in the previous issue of American Swimming.  
The paper provides information on how high-speed videography and motion 
capture software can study select areas related to stroke mechanics.

In Part II we will discuss (1) The “S-Pull” - Why this is no longer advocated; 
and (2) the Conscious Repositioning of the Scapula.  

We continue to use Freestyle as the primary stroke for these discussions.

A video-based version of these topics and others, is available in the recently 
launched “Video-on-Demand” program Freestyle Biomechanics – The Science 
Behind the Strokes™ https://freestylebiomechanics.com/.  

High Speed Videography & Motion Analysis in Swimming
The following figure is repeated from Part I to review the technology we use.  Three synchronized high-speed 
cameras record the swimmer’s motion in three planes of motion:  head on, from the bottom of the pool, 
and from the side.  Motion capture software then helps track the movement of the hip in the longitudinal 
plane of motion.
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The software generates a Report, matching the three synchronized videos with a graph.  The vertical bar in 
the graph tracks the light on the swimmer’s hip and shows the swimmer’s velocity (Figure 1).

Figure 1:  Freeze frame of video-based “Report.”  The software allows simultaneous viewing of the synchronized videos 
with an active graph.

Focus 3: The much misunderstood and misinterpreted “S-Pull.” 
Let’s start by examining a freeze-frame extracted from the video of an elite swimmer.  The colored lines are 
obtained using active “Video Trails” that track the paths of the hands of the swimmer.  These trails were 
generated by using Video Enhancement Technology, developed in our Laboratory over a period of years.

Figure 2:  Video Enhancement Technology:  Freeze-frame showing frontal view of Freestyle “Video Trails.”
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Figure 4:  Peak Hip Velocity early into the Catch.

In this example, the important point is that the swimmer is not consciously pulling through what looks 
like an “S-shaped Pull.”  These paths appear elliptical because they are projected and viewed on a flat, “2-D” 
surface.  

The Conscious “S-Pull.”
In this example, the important point is that the swimmer is not consciously pulling through what looks 
like an “S-shaped Pull.”  These paths appear elliptical because they are projected and viewed on a flat, “2-D” 
surface. 

Figure 3:  Video Enhancement Technology:  Freeze-frame showing a Conscious “S-Pull.”

It is clear that swimming with a deliberate “S-Pull” results in the excessive sideways or lateral movement of 
the hands, limiting the ability to exert the required backward-directed propulsive thrust.

High-Speed analysis of the “S-Pull.”
Using High-Speed videography, we can examine the consequences of the “S-Pull.”  The swimmer in this 
example was asked to make a conscious lateral or outwards motion of the hand early into the Catch.  After 
proceeding laterally, she was then instructed, to direct her pull inwards, and move sideways under the body, 
prior to starting to push back towards the feet.

We show here four freeze-frames of the Report, synchronizing the video with the active graph.  As with the 
previous examples, the vertical bar travelling across the graph matches the swimmer’s hip velocity.  

AMERICAN SWIMMING  |  2022 EDITION ISSUE 1

cont, next page



Figure 5:  As the hands begin lateral motion, Hip Velocity starts decreasing.

Figure 6:  Continued reduction in Hip Velocity at maximum outward motion of the hand. 

Figure 7:  Hands moving sideways under the body, with palms still not pushing backwards.

Figure 8:  As the backward-directed push begins, Hip Velocity now starts to increase.
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The Vertical Camera View of an “S-Pull.”
We take advantage of our camera positioned vertically below the swimmer to further observe the extent to 
which excessive lateral movements of the hands can affect hip velocities over the course of the stroke cycle.  
There are 4 dips in velocity, three of which coincide with the outward sweeping of the hands

Figure 10:  Vertical perspective of left hand pushing laterally with accompanying drop in hip velocity during same stroke 
cycle.

The two Figures shown here as single freeze-frames, confirm the reduction in velocity, as it accompanies 
the outward sweeping of the swimmer’s right and left hands.

This subject was an active member of the University of Hawaii Division I Intercollegiate Swimming Team.  
This was his normal Freestyle, until he was shown the results of this analysis.  Over time he was able to 
stop excessive sideways motions and refine his stroke mechanics.

Focus 4: Conscious Repositioning of the “Scapula” during 
the Underwater Pull.
We refer here to two specific recommendations related to Freestyle that warrant discussion.
First is the notion that we should pay attention to how closely the extended arm, specifically the anterior 
deltoid muscle, approaches the side of the cheek or head during Freestyle Arm Extension.  The directive 
is that a conscious attempt must be made to guide the accompanying scapula forwards and upwards to 
accentuate this motion.

Second, we highlight the now less-discussed point, but still lurking, “Pressing down on the T.”  The idea 
was prompted by the notion that in order to improve the position of the upper torso when lying prone in 
the water, it is necessary to “flatten” the back.”  One description has it, “lean forward like someone’s pressing 
on the shoulder blades!” 
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Anatomical & Biomechanical Considerations
When we deal with movements of the arms, a point we must not lose sight of is that the shoulder girdle and 
shoulder joint work in concert, i.e., move together.  The term “scapulo-humeral rhythm” is used to describe 
the combined activity of these two sets of bones.  When the arms engage the water during the underwater 
pull, both sets of bones must be maintained in optimum positions.  
Consequently, it is counterproductive to consciously try to guide the scapula on each side upwards towards 
the head during the Freestyle arm extension, and/or attempting to push the chest forwards and “retract” 
the shoulder blades synchronously as in “Pressing down on the T”.  These actions interfere with the relative 
positions of the shoulder joints and shoulder girdles since they function together. 
One qualifying note is that we cannot assume that the shoulder joints and shoulder girdles will instinctively 
be held in an optimum position whenever we move the arms.  This holds true because, as we know only 
too well, many of the well-documented causes of shoulder injuries are attributed to “overuse.”  We also see 
injuries in other sports which are a result of the misalignments between these two sets of bones and their 
associated joints. 

One of the first things an orthopedic surgeon does when someone presents themselves with shoulder pain 
is to examine the manner in which the scapula sits on the rib cage.  The unwarranted alterations in position 
have been shown to result from a number of causes. These causes range from the imbalances between the 
anterior and posterior muscle groups, to conscious alterations in the way we hold our shoulders when 
performing various activities.  It stands to reason that we should scrupulously avoid developing postures that 
interfere with natural shoulder motion and, more importantly, avoid movements that can potentially injure 
the very joints that we rely on for extended rhythmic action. 
Here’s an excellent quote that illustrates our point.  The source is an excerpt from the University of California, 
Berkeley Wellness Letter: Shoulders in Motion.  The authors describe the shoulder joints as “beautiful pieces 
of biological engineering … and as with all beautiful pieces of biological engineering, much can go wrong!” 

In Conclusion
Good intentions and endless repetition of untested ideas is not enough.  When we experiment with 
possibilities of how to increase swimming speed, we need to remind ourselves to use sound anatomical and 
biomechanical guidelines.  Anything less should be viewed with healthy skepticism.
Finally, using the stroke mechanics of select elite swimmers as examples of why certain movements should 
be duplicated, may not be the best course of action.  Gifted athletes in every sport demonstrate subtleties 
that often defy analysis.  Remember the old adage “No matter how fast we presently are … there’ll always 
be someone who, in time, will be faster!” 
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