
Swim Dryland 
Presentation

The focus of this afternoon’s presentation is
to talk about exercise considerations for
performance and injury prevention, for
swimmers on land, or “dryland training” as it
is commonly referred to. I am not going to go
into detail regarding swim biomechanics but
rather give an overview of the anatomy of
each swim stroke as knowing the muscles
activated when designing a dryland
programme is recommended. I am hoping to
keep this next hour as practical as possible,
drawing from my past five years’ experience
as Biokineticist to one of the biggest swim
schools in Gauteng, so I am happy to answer
questions as I go through the literature.



Swimmers face several unique challenges that athletes in most land-based sports do not encounter:

• The total-body nature of all four strokes, as swimming involves movement of the upper and lower musculature
throughout the body’s kinetic chain

• Creation of their own base of support, as most training takes place in a fluid environment, unlike land-based
athletes, who have a stable surface to push off from

• Linking the movement of the upper and lower extremities in the water
• Emphasis on a strong and stable core to facilitate the afore-mentioned. This shall be discussed in more detail later

in the talk, where we look at specific muscle activation and relevant exercises to incorporate into swim training
programmes.

KEY
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Below is a key to aid in identifying the primary and secondary muscles, and connective tissues, activated during a
particular swim stroke, as well as whilst performing specific movements on land.



FREESTYLE

Biomechanics – Upper Body:

• Initial Propulsive Phase is activated by the hand entering the water, followed by the wrist and elbow until full
extension of the arm by upward rotation of the shoulder blade

• Catch Phase is initially generated by the clavicular portion of the pectoralis major then the latissimus dorsi, to
produce the majority of the force during the underwater pull. The elbow flexors (biceps) assist in taking the
elbow from full extension into approximately 30 degrees of flexion

• Final Propulsive Phase occurs as the triceps brachii acts to extend the elbow, bringing the hand backward and
upward toward the surface of the water

• Recovery Phase is the stage when the arm and hand lift out of the water near the hips and return to an
overhead position for re-entry into the water, with the assistance of the deltoid and rotator cuff (SITS) muscles

Muscles Summarized - Upper body: 

• Primary muscles during both the Propulsive Phase and the Recovery Phase include the shoulder blade
stabilizers - pectoralis minor, rhomboid, levator scapula, middle and lower trapezius, and the serratus anterior

• Core stabilizers for stroke efficiency, and coordination of the body roll, include the transversus abdominis,
rectus abdominis, internal and external oblique

Biomechanics and Muscles – Lower Body:
• Propulsive phase (downbeat) begins at the hips by activation of the iliopsoas (hips) and quadricep muscles 

(thighs), initiating hip flexion then extension of the knee
• Recovery phase (upbeat) starts at the hips with contraction of the gluteal muscles (pelvic stabilisers) and is 

quickly followed by contraction of the hamstrings
• Throughout the entire kicking motion the foot is in a plantarflexed position secondary to activation of the 

gastrocnemius and soleus (calf muscles)
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BUTTERFLY

Even though the arms move in unison during butterfly compared to reciprocal
movements with freestyle, they both have the same underwater pull
patterns, so the muscle recruitment patterns are almost identical.
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Biomechanics – Upper Body:
• Initial Propulsive Phase is identical to that in freestyle, with primary muscle activation during the 

Propulsive Phase being from pectoralis major and latissimus dorsi, in conjunction with the wrist flexors to
maintain the wrist in a neutral to slightly flexed position

• Catch Phase is initiated by contraction of the biceps brachii and brachialis to flex the elbow
• Pulling occurs from around 40 degrees of elbow flexion, until full elbow extension is achieved by triceps 

activation
• Recovery Phase differs from freestyle in that instead of the body roll, undulating movement of the torso occurs, 

bringing the entire upper torso out of the water to aid in recovery

Muscles Summarized - Upper body: 
• Shoulder Blade Stabilisers function to provide a firm anchor point for the propulsive forces generated by the arms and

help reposition the arms during the recovery phase of the stroke
• Core Stabilizers are still NB in linking movements of the upper and lower extremities and have an important role, in

conjunction with paraspinal muscles, in creating the undulating motion that allows the swimmer to get the upper torso
and arms out of the water during the recovery process, and subsequent contraction of the abdominal muscles to assist
in propulsion

Biomechanics and Muscles – Lower Body:
Identical kick mechanics and muscle activation as for freestyle, except that the legs now move in unison. The dolphin kick 
used at the start of the race and wall turning recruits a larger group of muscles than kicking during the swim stroke. It also 
works in conjunction with the core stabilizers and paraspinal muscles to assist with undulating movements of the torso.



BACKSTROKE

Biomechanics and Muscles – Upper Body:
• Initial Propulsive Phase is initiated by rotation at the shoulder resulting in pinkie finger of the hand entering the

water first, then extension of the elbow, to achieve an elongated position
• Catch Component is unique to freestyle in that the latissimus dorsi dominates the movement with assistance from

the pectoralis major, with wrist flexion at 45 degrees at the start of the catch, ending in 90 degrees of flexion at the
end of the catch

• Final Propulsive Phase is driven by the lats and pecs, in conjunction with wrist flexors in a neutral to slightly extended
position, and a forceful extension of the elbow by the triceps brachii

• Shoulder blade stabilizing musculature is crucial to creating a firm base of support for the movements and forces 
generated by the arms. 

Biomechanics and Muscles – Lower Body:
• Kicking motion is a combination of movements in freestyle and butterfly
• Reciprocal kicking movements, like freestyle, but with most of the force generated during the upbeat portion of the 

kick, as per butterfly, due to supine position in the water. 
• Dolphin kick also used to push off at the start of a race and off each wall.
• Muscle recruitment patterns are the same, the only variation is in the direction because of the 

swimmer’s body position.
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BREASTSTROKE

Biomechanics and Muscles – Upper Body:
• Propulsive Phase starts with the shoulders and arms in an elongated overhead position. The first

half of the underwater pull is similar to that used in freestyle and butterfly. The pecs and lats
then contract to pull the arms and hands into the midline of the body to finish the pull

• Final Phase is completed when the paraspinal muscles contract to achieve forward propulsion in
the water and upward propulsion of the swimmer’s torso, bringing the swimmer’s head and
shoulders out of the water

• Recovery Phase starts with the flexion and rotation of the elbow bringing the hands to the
midline of the body, and ends with extension of the elbows by activation of the triceps

• Shoulder blade stabilizing musculature is crucial to creating a firm base of support for the
movements and forces generated by the arms.

Biomechanics and Muscles – Lower Body:
• Propulsive Phase begins with the feet hip-width apart and knees and hips in a flexed position,

and comprises the “outsweep” and “insweep”. Movements at the hip, knee, and ankle rotate the
feet outward, continuing until full hip extension is achieved through gluteal and hamstring
contraction and straightening of the knee by the quadriceps. The adductors are then powerfully
activated to achieve the insweep motion, in conjunction with the calf muscles which aids to point
the foot and ankle to alleviate drag

• Recovery Phase is when the hip and knee are again flexed from quad, hip and hamstring
recruitment
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THE SHOULDER GIRDLE
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• The shoulder girdle serves as the link between the arms 
and the trunk

• It is the main rotation point about which all the arm 
movements take place during each of the four strokes, and 
comprises the:

a) Clavicle (collarbone)
b) Scapula (shoulder blade)
c) Humerus

• Three joints make up the shoulder girdle:
a) Sternoclavicular joint - junction between the 

sternum (breastbone) and clavicle
b) Acromioclavicular joint - scapula and clavicle
c) Glenohumeral joint - humerus and scapula.



Setting the Shoulder Blades:
When performing upper-extremity exercises, particularly those that target the shoulder joint, you should set the shoulder blades into a stable position. The 
setting movement involves pinching the shoulder blades backward and downward, as if you were trying to put your shoulder blades in the back pockets of your 
pants. In the process of setting the shoulder blades, avoid shrugging the shoulders upward because this action shifts the focus of the exercise from the lower 
fibers of the trapezius muscle to the upper fibers, which are typically already overdeveloped in most swimmers. 

Exercise: To observe the importance of these combined movements, place a hand on another person’s shoulder blade. While you hold it in place, ask the 
person to lift a hand overhead. Notice the varied movements of the shoulder blade as the arm is moved through a variety of positions + “Scratch Test”

The scapular pivoters have three main areas of influence on the swimming athlete:
• Proper upward rotation of the scapula is vital to allowing the swimmer to reach far out in front of the body when entering the hand into the water,

improving stroke efficiency
• They are the foundation of the shoulder girdle, as weak scapular pivoters affect the rest of the kinetic chain, resulting in deterioration of stability and

increased risk of injury
• Strengthening the posterior scapular pivoters (trapezius, rhomboids, and serratus anterior) helps to overcome the forward rounded-shoulder posture

commonly seen in swimmers. The shoulder protector group (rotator cuff) stabilises and performs rotational movements at the shoulder joint, particularly in
the recovery phase of all the strokes. The shoulder joint sacrifices stability in favour of mobility and therefore depends on the rotator cuff muscle group to
act as stabilizers and protectors.

Ian McLeod. Swimming Anatomy, 2010. Human Kinetics



Principles of Dryland Programmes

• The repetitive nature of swimming predisposes swimmers to developing muscle imbalances
• Muscles such as the latissimus dorsi and pectoralis major become overdeveloped in relation to the smaller muscles that

make up the scapular stabilizers
• The quadriceps and hip flexors often become dominant over weaker hamstrings and gluteal muscles
• These muscle imbalances not only lead to strength imbalances but also may create flexibility and postural imbalances

that can predispose the swimmer to injury and inhibit optimal performance.

Flexibility:
• Dynamic stretches prior to swimming, to prepare the body for movement
• Static stretches post swimming, to aide in recovery

Transference is the ability of an exercise to strengthen muscles in a manner that will benefit a certain skill or task.
• Direct transference involves choosing an exercise because the associated movements are directly related to a certain 

component of one of the major strokes
• Indirect transference involves choosing a certain exercise because the targeted muscle groups are similar to those used 

during a phase of one of the major strokes or choosing a certain exercise because it can transfer to a certain stroke 
component.

Isolation involves choosing an exercise that emphasizes a certain muscle or muscle group with the goal of strengthening an 
area that (1) may be underdeveloped because of muscle imbalances, (2) is important for injury prevention, or (3) has been 
identified as an area of weakness by something in the swimmer’s stroke profile.
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General Programme Structure Guidelines:

• 10-minute warm-up consisting of dynamic flexibility exercises and low-intensity aerobics 
• Several injury prevention and core stabilization exercises
• Begin with total-body exercises that combine movements of the upper and lower extremities, in a circuit like fashion
• Progress to multijoint exercises and then isolation exercises (alternate “push” and “pull” movements)
• 5-10 minutes of static flexibility (stretches)

Improper squat technique is one of the leading causes of injuries 
during dryland or weight-room training. To reduce the risk of this 
occurrence, start with a light weight and only increase the weight 
when the swimmer is comfortable with performing the lift with 
the correct technique.

Swimmers tend to be quad dominant, resulting in a strength 
imbalance between the quadriceps and hamstrings. 
To address this imbalance, specific exercises isolating the hamstrings
can be incorporated into the dryland programme.
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Rotator cuff injuries are also prevalent
amongst swimmers, therefore inclusion
of external and internal rotation
exercises is vital in the strength training
(dryland) programme
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YOUNG SWIMMERS

Updated Position Statement Paper on Youth Resistance Training
National Strength and Conditioning Association (NSCA, 2009)

There are a now a number of similar position/policy statements from other bodies, including the American College of 
Sports Medicine (ACSM), American Academy of Pediatrics (AAP), and American Orthopaedic Society for Sports Medicine 
(AOSSM).



The musculoskeletal system consists of the muscles, tendons, ligaments, and bones that enable us to move and perform
physical activities. A strong musculoskeletal system prepares children for all types of physical activity and reduces the risk of
swim-related injuries, especially around the shoulder joint. Research has shown that pre-adolescents (up to age 11 in girls,
and age 13 in boys) can improve muscle strength by 30-50 percent in as little as two months of training, despite insufficient
levels of muscle-building hormone testosterone at this age, due to neuromuscular factors

Resistance training designed in a safe, fun and appropriate manner, using a variety of modalities, can increase a young
swimmers chance of success through improved performance, decreased risk of injury, and increased ability to handle in-
water practices due to improved fundamental fitness. Specific benefits to sport performance could include improvements in
muscular power and endurance, total body strength, stability around joints, body composition, and bone mineral density.

Examples of modalities that can be used:
• Body weight alone
• Isometric exercise, e.g. Pilates
• Elastic bands
• Medicine balls
• Free weights (dumbbells/barbells)
• Resistance machines

A.D. Faigenbaum and W.L. Westcott, 2009. Youth Strength Training

Benefits of Dryland Training



Age-Related Resistance-Training Considerations
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A.D. Faigenbaum and W.L. Westcott, 2009. Youth Strength Training

Training Guidelines for Youth Plyometrics

Begin each session with a 5-10 minute dynamic warm-up period

Perform plyometric exercises early in the workout when the body is fresh

Initially perform 1-2 sets of 6-8 repetitions on upper and lower body exercises

Begin with low-intensity drills and gradually progress to higher-intensity drills

Perform each exercise at a fast tempo while focusing on proper exercise technique

Allow adequate recovery between sets to maximise muscle performance

Systematically vary the training programme over time to optimize gains and reduce boredom

Perform plyometric training two non-consecutive days per week

Wear supportive athletic footwear

Perform lower body exercises on a surface that has some resilience

Regularly provide participants with information on proper training procedures

Begin each session with a 5-10 minute dynamic warm-up period



Swimming Sample Workout

Jump and freeze

Cone jumps

Medicine ball overhead pass

Medicine ball backward pass

Back squat or leg press

Bench press

Front pull-down

Dumbbell row

Medicine ball push-up

Lateral raise

Shoulder internal and external rotation

Triceps kickback

Lower back exercises 

Abdominal exercises

A.D. Faigenbaum and W.L. Westcott, 2009. Youth Strength Training



Ian McLeod. Swimming Anatomy, 2010. Human Kinetics

SPECIFIC EXERCISES TRANSFERABLE TO SWIM STROKES

FREESTYLE Group Discussion/Analysis
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BUTTERFLY Group Discussion/Analysis 
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BACKSTROKE Group Discussion/Analysis 
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BREASTSTROKE Group Discussion/Analysis 
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CORE

Before performing any exercise you should make a conscious
effort to set the core. By setting the core you establish a
foundation of support upon which the exercising muscles
are able to exert their forces. You should also stabilize the
low back, attempting to keep the pelvis in as neutral a
position as possible, reducing the risk of injury. Setting the
core involves simultaneously contracting the abdominal, low
back, and gluteal muscles as if they are a corset that
encircles the abdominal region.

Group Exercise:
• Neutral Pelvis
• Pelvic floor/TA’s/multifidus activation
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STARTS

This exercise specifically targets the muscles that you use to 
explode off the starting blocks
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TURNS

This exercise (burpee) can be used to improve streamlining off the wall when turning



SWIM ASSESSMENTS

General upper body and trunk strength and endurance can be measured using the Fitnessgram Assessment, comprising a curl-up,
trunk lift and 90-degree push-up test. For more specific skill-related assessment, the vertical jump, long jump and seated medicine
ball toss is valuable in determining muscular power, a necessity for swimmers at all levels.

Individual Biokinetic assessments include a number of postural, general and swim specific flexibility 
(range of motion), functional strength and stability tests.

Sample of Individual-based Tests
1. Static and dynamic postural analysis
2. Scratch Test
3. Shoulder Flex/Ext and Abduct/Adduct (NB Scapular rhythm…winging?)
4. External / Internal Rotation Test + 90deg
5. Tricep push-up
6. Abdominal strength
7. Single leg balance + close eyes  - Group Exercise
8. Stork Stand
9. Squat
10. Forward Lunge



Australian Strength and Conditioning Association (ASCA) promotes strength training for swimmers with an emphasis on 
developing body/limb control and joint stability and strength-endurance to form the basis of a training routine. 

This can be achieved via the following specialised dryland training:

• Improvement of core stability, back strengthening and overall posture with Pilates-based movement, to assist with balance and stability in the water.

• Swim specific strength training to improve swimming, body awareness and prevent injury by strengthening muscles, tendons and ligaments.

• Progression of each swimmer steadily from fundamental movements to more challenging exercises.

• Circuit style training to increase overall strength and prevent overloading of soft tissue, which can lead to injury.

• Including resistance bands, tubing, light medicine balls and other appropriate modalities in the training regime.


