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Hall of Fame coach Cecil Colwin has been involved in competitive swimming for more than 
60 years. He has long been known for his work on the technical aspects and history of 
swimming. 
 
The mobility of the shoulder girdle, combined with the timing of the arms, 

plays an important role in rhythm and momentum. 
 

t the higher levels of talent and skill, the main reason for the superiority of the 
crawl stroke lies in the continuity of movement produced by accurate timing of the 

arms – aided by the mobility of the shoulder girdle. 
 The shoulder girdle can be likened to a simple but highly effective steering and 
balancing mechanism complete with links and struts. Used in counterbalance with the 
hands and arms, the shoulder girdle plays an important role in applying leverage. 
 Variations among individuals in shoulder structure, arm length, body shape, 
buoyancy, etc., will produce different pulling patterns in each individual. It is this 
interaction between arms and shoulders in applying leverage that is largely responsible 
for producing an ideal stroke pattern for each individual. 
 Much attention has been given to understanding and developing arm-stroke 
propulsion but the key role played by the timing of the arms and the mobility of the 
shoulder girdle in maintaining RHYTHM and MOMENTUM needs to be considered. 
 This article discusses the effects of the arm-action and the shoulder roll on these two 
HIDDEN fundamentals. 
 

THE IMPORTANT ROLE OF THE SHOULDER GIRDLE 
 
 There is an inherent difficulty in explaining the performances of champions based 
solely upon differences in stroke technique because credit should also be given to 
improved training methods, personal aptitude and other factors. 
 Nevertheless, in the mid-20th century, a radical improvement in World Freestyle 
Records was at least partially attributable to the final acceptance of shoulder-roll as a 
natural part of the stroke. 
 For many years, Freestyle swimmers had mistakenly been taught to swim with 
shoulders held flat. Two of the great pioneers of mid-20th century swimming, Bob 
Kiphuth and David Armbruster, were, in a sense, victims of their time when it came to 
theory on Freestyle body position. 
 Kiphuth insisted that there should be “no dipping of the shoulders or rolling of the 
body”, as well as “no lunging of one shoulder ahead of the other”. He added that the 
arms should move in the shoulder joint, but the shoulder itself should be in a fixed 
position” (Kiphuth 1942, p.72). 
 Armbruster said, “The scapulae should be held flat and the clavicles held as level as 
possible” (Armbruster 1942, p.52). 
 It was not until the 1956 Olympics that shoulder-rolling Australian swimmers proved 
the method wrong by shattering all the existing Freestyle World Records. Their coaches 
were wise enough not to interfere with the natural shoulder roll that brought their large 
trunk muscles powerfully into the pull, especially as the body passed over its centre of 
mass. There can be no denying that swimming with a flat position of the shoulder girdle 
had probably hindered progress more than any other mistaken notion in the history of 
the sport. 
 

A
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Australian 1956 Olympic champions convinced the swimming world that rolling in Freestyle had 

come to stay. Shown here from top to bottom: Jon Hendricks, Murray Rose and John Devitt. 
 It should be noted that neither did the Australian coaches prevent their swimmers 
from using an unorthodox reduced kick that preserved energy over the longer distances. 
Combined with their first organised use of interval training, the Australian swimmers 
captured all the Olympic Freestyle events and, in the process, convinced the swimming 
world that rolling in Freestyle had come to stay. 
 Swimming with shoulder blades held flat not only restricts body roll and the arm 
recovery, but also limits the range of the arm stroke. For any movement of the shoulder 
joint to reach its end point, the scapula must be allowed to slide and change its position 
to accommodate additional movement of the humerus. 
 Although shoulder rolling was now accepted world-wide, coaches still discouraged 
the tendency by swimmers to reach their shoulders forward as their arms entered. They 
believed that “over-reaching” would distort body alignment. 
 This instruction caused the arm entry of some swimmers to become restricted and 
“tight up front”, although swimmers such as Murray Rose were ahead of their time 
when they naturally reached forward into the entry. Contrary to what they were told, 
swimmers, attempting to increase stroke length with a long slide at the entry, found 
they could do so without unbalancing the stroke. 
 In recent years, some swimmers have discovered yet another important advantage to 
be derived by elevating the shoulder blade after the arm has entered – namely, that this 
action has the effect of moving the body’s centre of mass forward, thereby preserving 
the body’s linear momentum. (See Fig.3) 
 

FUNCTION OF THE ARMS & SHOULDER GIRDLE 
 Much discussion has taken place in recent years on the path and posture of the arm 
during the pull, but little attention has been devoted to the role (no pun intended) of the 
shoulder girdle and its compensating action to each phase of the swimming stroke. 
 For one thing, the shoulder girdle serves as a base for the movement of the arms. 
The main function of the shoulder girdle is to counterbalance and facilitate movements 
in the shoulder joint. The shoulder girdle is formed by the scapulae (shoulder blades) 
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and clavicles (collar bones). The girdle is incomplete behind, the scapulae being 
connected to the trunk by muscles only. It is light and very mobile. (See Fig.1) 

Fig. 1 – Bones of the shoulder girdle 

 
The bones of the shoulder, 

anterior 
Sternal and acromial ends of 

the clavicle 
 
 The medial end of the clavicle attaches to the trunk at the sternum (breastbone), and 
the lateral end of the clavicle articulates with the similar-shaped surface of the scapula 
spine. Although limited, the movement of the clavicle is equal to that of a fixed hinge. 
While the scapula slides over the thorax during the working phases of the arm stroke, 
the clavicle acts as a supporting strut or moving pivot to keep the upper arm away from 
the thorax. In doing so, it increases the range of upper-arm movement and reduces the 
muscle energy needed to keep the upper arm in alignment. 
 The humerus (bone of the upper arm) is connected to the trunk by the clavicle and 
the scapula. Although a good deal of the arm motion occurs at the shoulder (gleno-
humeral) joint, there is simultaneous motion between the scapula and the thorax. There 
is a close connection between the humerus and the shoulder girdle because any 
movement of the former is followed by those of the latter. As each arm enters, pulls and 
recovers, the continuous movement of the shoulder girdle produces a natural roll of the 
body on its long axis. 
 There are six muscles involved in the fundamental movements of the shoulder girdle. 
In front are the pectoralis minor, serratus anterior and subclavian muscle. Muscles 
behind the shoulder girdle include the levator scapuli, rhomboids and trapezius. While 
exercise is widely used to strengthen these muscles for swimming, an understanding of 
how the bones beneath the muscles function is also necessary. 
 There are four fundamental movements of the shoulder girdle … elevation, 
depression, abduction and adduction. Shoulder girdle movements are described relative 
to the direction in which the scapula moves. The movement of the scapula as it moves 
forward, downward, backward and inward toward the centre line of the body and then 
outward again as the arm moves into the over-water recovery, are responsible for 
shoulder roll. 
 The size, shape and structure of each individual’s shoulder girdle and gleno-humeral 
joint will affect the type of leverage and, consequently, the form and movement pattern, 
developed by each arm during the recovery and pulling phases of a stroke cycle. Many 
other factors are involved, but individual structure, as just mentioned, is probably the 
most important. 
 

RANGE OF ARM MOTION 
 The versatility of the arms in swimming is due to the shoulder being a tri-axial joint 
capable of multiple motions – flexion, extension, abduction, adduction, internal rotation 
and external rotation. In fact, the shoulder joint has the greatest range of movement of 
any joint in the body. As a result, the arm can move freely in all directions and rotate 
around its own axis with a mobility that makes it possible to touch any place on the 
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trunk – and if the lower limbs are flexed, any point of the body except for its own 
posterior surface. 
 In addition, the arms are linked through the chest barrel, from shoulder to shoulder, 
on the yoke of the collarbones, much like an armature, the metal framework on which a 
sculpture is moulded. In Freestyle, the arms act as a unit – a bracketed pair of 
correlated members. This connecting yoke facilitates the timing of one arm with the 
other and ensures continuous propulsion as the body-balance tilts from side to side in 
the natural rhythm of the stroke. (See Fig.2) 
 

 
Fig. 2 – The connecting yoke of the arms 

 
MOMENTUM 

 The arms in raising and lowering tend to shift in the shoulder pivot as they move. As 
one arm recovers, the other arm is sliding forward in front of the body to enter the water 
on an imaginary line forward of the armpit. (see Fig.3). 

Fig. 3 – Scapula elevation preserves momentum 

 
 
 Since the arm is attached to the collar bone, the raising of the recovery arm swings 
the shoulder upward and inward toward the neck and head, while the lowering of the 
opposite arm as the arm enters the water shifts the shoulder on that side downward 
and outward. At the same time, the scapula (shoulder blade) on the side of the entry 
arm glides forward on the wall of the thorax as the entry arm reaches forward. This 
elevation or sliding forward of the scapula has the effect of moving the body’s centre of 
mass forward, an action that preserves the body’s forward momentum and initiates the 
body’s roll to the opposite side. 
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 The timing of one arm with the other, while swimming with arms overlapping in front 
of the body, allows the forward arm to ride forward under the surface before moving 
down into the stroke. 
 Due to water resistance and variations in force application, fluctuations in the body’s 
velocity occur within a stroke cycle. The important point in arm-timing is to ensure 
continuity of movement – in other words, momentum. The degree of velocity fluctuation 
is an indication of stroke efficiency – the more uniform the body’s velocity through the 
water, the less energy wasted. Momentum affects the amount of power that the 
swimmer needs to maintain speed. Put in another way, when a stop-start action within 
a stroke cycle causes a loss of velocity, a greater amount of power is needed to overcome 
the inertia. 
 Variations between mean and extreme velocities are a useful means of measuring a 
swimmer’s efficiency. By observing the entry and exit points of a swimmer’s hand, 
measured against a poolside grid, it is possible to obtain a visual impression of a 
swimmer’s stroking efficiency. If a swimmer’s hand were to exit the water at the same 
point where it entered, it would show that there had been no “slip” in the stroke. 
However, highly skilled swimmers exit each hand ahead of the entry point, with the 
distance between exit point and entry point indicating the extent to which they are able 
to prolong their forward momentum. This is also an indication of the ability to swim 
with fewer strokes per lap. 
 Skilled swimmers prolong their momentum by accurately timing their arm strokes 
and streamlining their body alignments throughout the changing sequence of the 
stroke. The more accurate a swimmer’s arm-timing, the more constant the momentum – 
ESPECIALLY IF IT INCREASES THE TIME THE AVERAGE NET FORCE CAN ACT 
UPON THE RESISTANCE OF THE WATER. 
 

RHYTHM & TIMING 
 Rhythm, essentially, means timing. In the case of Freestyle and Backstroke, timing 
refers to coordinating one arm with the other. 
 In the early days of Freestyle and Backstroke development, timing also referred to 
timing the legs with the arms, but it is generally agreed that the leg action in these two 
strokes should be subservient to the arms and not consciously inter-timed. Only in 
Butterfly and Breaststroke are the actions of the legs consciously timed with those of 
the arms. 
 In Freestyle, the term, RHYTHM, refers to the timing of one arm with the other as 
well as the continuous balancing of the body position. However, in this description, for 
the sake of clarity, balance will be dealt with as a separate topic. 
 The timing of the arms affects the proportion of power output and energy 
distribution between arms and legs. For best efficiency, there must be a definite 
relationship between the duration of the arm pull and the duration of the recovery. 
 Deciding what timing of the arms a swimmer should use is a finer point of coaching. 
A coach should pay close attention to this aspect of Freestyle because if the timing does 
not suit the swimmer, the application of power will be adversely affected. 
 Variations in speed cause subtle differences in timing. A swimmer who uses RIGHT 
ANGLE timing (as shown in Fig.4A), allows the entry arm to come through a preceding 
45-degree angle (as shown in Fig.4B) when swimming at a slower speed. 
 The timing shown in Fig.4B will often produce a smoother and more fluent-looking 
style than the timing shown in Fig.4A, while the timing in Fig.4C may result in a choppy 
action. But the appearance of a style is not always the most important guideline. Some 
swimmers will never be able to swim with a smooth, classic action. What is important is 
that the swimmer uses individual attributes to best effect (see Fig.4). 
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Fig. 4 – Variations in Timing 

4A. The typical “right-angle” timing of the arms is 
shown. This is the most commonly-used type of 
timing. As one arm enters, the opposite arm is 
midway through the stroke. 

 

 
4B. This illustration shows a timing in which the arms 
come through a preceding 45-degree angle before 
the pulling arm reaches the right-angle position 
shown in Fig.4A. This type of timing is more 
commonly used by swimmers with natural buoyancy, 
a strong leg action and a streamlined body build who 
slip through water easily. 

 

 
4C. In this type of timing, the “right-angle” position 
shown in Fig.4A is never reached in any phase of the 
timing. As one arm enters, the opposite arm is past 
the midway point of the pull. This timing suits 
swimmers who use bilateral breathing (once every 
three strokes) and a two-beat leg action. This type of 
timing is often accompanied by a rapid arm turnover. 

 
BALANCE 

 Any action in any part of the swimming stroke cannot be isolated, but must have 
immediate consequences elsewhere. 
 The key to efficient Freestyle lies in maintaining body balance and stability 
throughout the stroke cycle. Broadly speaking, balance refers to the ability to hold a 
desired position in the water with a minimum of effort. Efficient swimming is essentially 
a natural BALANCING ACT in which the arms and legs maintain a continuous 
counterbalance throughout the entire stroke. 
 

DYNAMIC STABILITY 
 
 In all the swimming strokes, the body constantly changes its position in the water as 
the arms and legs counterbalance naturally to maintain DYNAMIC STABILITY – much 
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like a pilot adjusting the trim of a light aircraft in a buffeting wind or a cyclist jiggling 
the handle bars of a bicycle when riding over a cobbled path. Skilled performance 
requires an acute sense of balance and a quick adjustment of the body position 
whenever balance is disturbed. 
 
 Dynamic stability starts with the counterbalancing sequences made possible by the 
leverage developed by the arm-pull combined with the compensating movements of the 
shoulder girdle. It is the connecting yoke between the arms and shoulders that makes 
possible the timing of one arm with the other and ensures counterbalance and 
continuous propulsion as the body tilts from side to side in the natural rhythm of the 
stroke. 
 
 In seeking the best leverage and counterbalance for the shoulder roll, the arm will 
follow a path that puts it in the most effective position for the task. In addition, water 
pressure on the hands provides counterbalance for all the other movements of the body 
that occur during the stroke cycle – including those of the torso, hips and legs. 
 

BODY ROLL & STREAMLINING 
 
 The body roll has been described as an action in which the entire body rotates on its 
long axis. 
 
 A theory exists that streamlining would be enhanced if the shoulder girdle and the 
pelvic girdle were to rotate simultaneously in the same plane during the roll. However, 
keeping the shoulder and hips in the same plane as previously mentioned has two 
major drawbacks. 
 
 In the first instance, such a posture would result in rigidity and tension in the spinal 
column muscles that produce pelvic rotation, as well as the other muscles that would 
assist this unnatural posture. 
 
 Secondly, rotating the entire body as a unit would not only inhibit the shoulder 
girdle’s natural movement in providing counterbalance to the arm action, but would 
cause retarding transverse flow of water around the body. 
 
 

THE TWO-PART BODY ROLL 
 
 Better streamlining and a natural flow of water moving directly backward along the 
body is enhanced by using a TWO-PART BODY ROLL in which the shoulders roll first 
and then a separate roll of the pelvic girdle follows in quick succession. 
 
 The first part of the roll (that of the shoulder girdle) is initiated by the elevation 
(sliding forward) of the shoulder blade and the extension of the entry arm. 
 
 The second part of the roll follows quickly as the hips are tipped to the side to which 
the upper body has rolled. The swimmer immediately feels less water resistance as the 
oncoming flow escapes from under the body and passes along the front surface of the 
hip bone (iliac crest). 
 

BILATERAL SYMMETRY 
 
 The movements of swimming have been referred to as being bilaterally symmetrical 
because the arms and the legs follow symmetrical paths in all four strokes. 
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 The head should be centred in the body’s long axis at the entry of each hand. It is a 
common fault for a swimmer to start turning the head for the inward breath BEFORE 
the forward hand has entered the water.  
 
 This fundamental fault often has the effect of not only placing the body off balance, 
but also results in the hand making ineffective initial contact with the water at this 
critical stage of the stroke.  
 

REMEMBER…  
Enter the hand  

Then turn the head to breathe 
 
 The question arises, what should a coach do to correct a perceived imbalance in a 
swimmer’s stroke? Sometimes the answer may well be … ABSOLUTELY NOTHING!  
 
 Part of the art of coaching is knowing what to correct and what to leave alone. The 
swimmer’s timing and balance in the water are very personal aspects, even though the 
swimmer may be unaware of them and any attempted correction may upset a 
swimmer’s natural rhythm. 
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OVERLAPPING & ROTARY STROKES 
 
 In these two sets of Freestyle drawings, the two swimmers look different although 
they are obeying the same fundamentals. 
 

Fig. 5A 
Overlapping Stroke 

 

Fig. 5B 
Rotary Stroke 

 
 The front overlapping stroke shown here is commonly used in modern swimming, 
especially over middle and long distances. The overlapping action allows the forward 
arm to slide gradually into the stroke as the swimmer preserves energy AS WELL AS 
the momentum being developed by the opposite arm, which is now well into the 
powerful phase of its pull. 
 
 The other style shown here has been called a rotary stroke because the arms rotate 
continuously at almost the same speed. The rotary action is the main feature of the 
stroke and it was brought to a high point of development by Alexander Popov, the all-
time maestro of Freestyle technique, who, unlike the swimmer shown here, uses a 
pronounced high elbow recovery.  
 Watching Popov swim has the same effect on me as listening to a Mozart concerto, 
while Ian Thorpe, the other great Freestyle maestro of our age, has a change-gear type 
of stroke that is phasic in execution and jazz-like in its composition. 
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 At speed, however, when meeting a challenge, as in Thorpe’s classic race with Grant 
Hackett in the 800m Freestyle in Fukuoka 2001, both swimmers switched to a rotary 
stroke in the epic closing stages, with more noticeable continuity of movement.  
 
 Many of today’s swimmers make this switch from overlapping to rotary action when 
greater speed is needed. 
 
 At high speed, a phasic stroke, in which a swimmer WORKS THE GEARS, is more 
energy-consuming than keeping the hands moving continuously in a smooth WHEEL-
LIKE fashion.  
 
 The smooth continuity of the rotary arm stroke maintains momentum, although, in 
some individuals, it may produce a certain OVER-SPILL of energy, due to its loosely 
controlled total movement.  
 
 In the overlapping stroke, it seems to me that the swimmer tries to obtain more 
pressure on the water by feeling for grip on the entire palm of the hand, whereas a 
swimmer performing the rotary stroke seems to deflect the water backward by merely 
feeling for pressure just behind the finger tips of each hand. The emphasis is on 
deflection rather than traction. 
 
 The overlapping stroke has two hand speeds in operation – the forward hand moving 
slower than the accelerating opposite hand. Compare this action with the rotary stroke, 
which is characterised by smooth continuity. 
 
 View these two sets of drawings to see if you can detect the fundamentals of 
RHYTHM and MOMENTUM present in BOTH techniques – especially the momentum-
preserving forward slide of the shoulder as the arm enters. 
 
 Finally, remember that there are as many crawl techniques as there are 
swimmers, so try to observe the ESSENTIALS rather than the personal characteristics 
of the great swimmers of the day. 
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FORWARD REACH 
 

Fig.6 Forward reach initiates body roll and moves 
centre of mass forward – an action that preserves 

momentum. 

 
6A (Front View) shows the effect of forward reach in 

starting body roll. 
 
 

 
6B (Side View) shows how forward reach shifts body 
balance over the forward arm as it starts its pull. Note 
the effect of the recovery arm during this transitionary 
phase of the stroke. 
 
 

 
6C (Overhead View) – an exercise illustrating the 
effect of scapula elevation in moving the body’s 
centre of mass forward. This exercise shows how a 
swimmer (top) deliberately comes up short of the wall 
and preserves momentum by elevating the scapula 
(bottom). 
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