
RUNNING EFFICIENCY

“Running is one of the most basic and natural forms of human movement and we do it without thinking. 
It underpins almost every sport and it’s the first thing most people turn to when they want to get fitter. 
But here’s the thing: While almost all of us can run, not everyone is doing it well.”



BASIC ANATOMY

Anterior View of Lower Limb



Posterior View of Lower Limb

BASIC ANATOMY



FOREFOOT STRIKE (FFS) vs REARFOOT STRIKE (RFS)



FOREFOOT STRIKE (FFS) vs REARFOOT STRIKE (RFS)



Barefoot Running

➢ Based on anthropometric evidence, it has been suggested that humans began 
running approximately 2 million years ago

➢ Relatively slow runners compared to other scavengers, but humans evolved 
into effective endurance runners

➢ An interesting study of this was phenomena was by Christopher McDougall in 
his book Born to Run, on the Tarahumara (Tara-oo-Mara) tribe of Mexico, 
referred to as the Raramuri or Running People

➢ This injury rate is likely to be due to the Mismatch Theory of Evolution –
runners adapting their mechanics to the modern environment (polluted air, 
processed foods, and relative lack of activity compared to earlier periods), 
which is mismatched to the mechanics with which we evolved



Barefoot Running

➢ Strike patterns during barefoot running likely represent our most natural form, 
as cushioned running shoes have only existed for the past 50 years

➢ Although there is strong evidence to show that run strike patterns in our most 
natural state can be mimicked in footwear that does not interfere with our 
natural mechanics, which ultimately reduces injury risk in runners

➢ Interesting study in India showed that children who live in communities where 
they are habitually barefoot have significantly higher arches than others from 
communities where either open toed sandals or closed toe shoes are worn

➢ Still up to 79% of modern endurance runners are injured annually



Movement Mechanics

➢ FFS pattern is associated with greater loads on the foot and ankle

➢ RFS pattern is associated with greater demands on the knee

➢ Majority of the differences between RFS and FFS therefore occur in the early 
part of the stance phase, and are directly related to the way the foot contacts 
the ground

➢ FFS running is associated with lower vertical load rates compared to RFS

➢ RFS runners in a recent study displayed increased repetitive stress injuries 
twice as frequently as FFS runners



Tissue Mechanics

➢ has traditionally been associated with shock reduction, energy dissipation and 
protection against excessive plantar pressure

➢ Studies have shown however that it only has a minor shock reduction capacity 
during walking, and less during running, due to offering minimal resistance to 
deformation during initial ground contact

➢ Its main function is thus reducing excessive pressures and pain during walking

Heel pad

Plantar Fascia

➢ Provides significant passive elastic storage and return

➢ Compared to RFS, intrinsic foot muscles of FFS runners have greater volume 
and strength, which assists in the function of the PF



Tissue Mechanics

➢ The largest and most elastic tendon in the human body

➢ High magnitude strains on the AT which were historically believed to be 
detrimental to tendon health, are now shown to be critical for AT adaptation 
and homeostasis

➢ Recent study of jumping athletes resulted in the AT of the athletes jump leg 
exhibiting greater mechanical (stiffness) and material properties, supporting 
the theory that running with an FFS pattern which increases load on the AT, is 
very likely beneficial to the mechanical and material properties of the AT

➢ Sprinting and minimalist footwear promote an FFS pattern, which leads to 
stronger calf muscles and AT

Achilles Tendon



Tissue Mechanics

➢ Tightness would limit its ultimate available length, hindering the rotation of the 
ankle too early

➢ Yet the body continues to progress forward over the planted foot, which will 
produce increased leveraged forces in the foot and ankle

➢ The ground reaction forces are unavoidable and provide the balance of this 
equation

➢ The tighter the calf becomes, the higher and earlier the resulting leveraged 
forces

Gastrocnemius



IMPORTANT CONSIDERATIONS

As mentioned earlier in the Mismatch Theory, most modern-day runners are not 
conditioned to run so abrupt transitions to minimal footwear may lead to increased 
risk of injury as the musculoskeletal system needs time to adapt to changes in load. 
FFS pattern increases the load on the plantar flexors as they control the heel 
descent in early stance phase, leading to possible strain to the PF or metatarsals.

RECOMMENDED

Strength and appropriate stretch programme for the calf muscles and 
intrinsic/extrinsic foot muscles PRIOR to FFS transition, along with a slow increase 
in training volume.

In the next sections I would like to explore this a little further by not solely 
focusing on the lower leg, albeit significant, but also to discuss what is happening 
to the structures above, to fully encompass the kinetic chain, or the body’s elastic 
band as referred to in the study to follow.



GAIT ANALYSIS

Initial Contact Midstance Toe-Off Swing



Initial Contact (Early Loading)

➢ The leading foot makes initial contact with the ground, 
with the body vertical as it decelerates

➢ Substantial muscle contributions are needed to control 
the ground reaction force (GRF)

➢ As the foot flattens, tendons and connective tissues 
within the muscles store elastic energy for later 
propulsion



Midstance

➢ The body now transitions from absorbing GRF to 
releasing recycled GRF energy

➢ As the body passes over the top of the supporting 
leg, it must be dynamically stabilized to cope with 
maximal loading through the limb



Terminal Phase (Toe-Off)

➢ This final sub-phase culminates in toe-off, when the 
hip, knee and ankle are in maximal extension to propel 
the body forwards

➢ Immediately after toe-off, the hip and knee begin to 
move into flexion and the ankle starts to dorsiflex, 
preparing for the swing phase



Swing

➢ Comprises approximately 60 per cent of the running cycle

➢ This is when the hip flexes rapidly to swing the leg through 
until it recovers to its starting position, and ready to power 
another step

➢ During late swing, the knee begins to extend and prepare 
again for stance position.



Varying Body Positions Dependent on the Distance and Power Required



STABILITY



STABILITY – CORE VS TRUNK

➢ A common trend has seen a shift in referring to “The Core” to the preferred term “the Trunk”

➢ There has also been a move away from separating the core into smaller local and larger global muscles 
for bearing on core stability for dynamic movement in healthy people.

➢ An interesting recent study of Transversus and Multifidus activation in runners showed that right-
handed endurance runners activate their core muscles on the right side significantly more than on 
their left side, with no such anomaly in left dominant runners

➢ This imbalance was more prevalent in endurance runners, despite no current low back pain.

➢ It is therefore recommended that right-handed endurance runners may benefit from neuromuscular 
retraining or strengthening of the left-sided core muscles even in the absence of low back pain



STABILITY – CORE VS TRUNK

➢ From a proactive stance, the running style of novice right-handed endurance runners should be 
assessed and given appropriate preventative exercises.

➢ In most studies trunk muscle strength was measured by the timed isometric test (Prone Bridge), which 
current thinking believes does not reflect force and velocity of movement in dynamic athletic activity

➢ Recent surface electromyography methodology showed there is evidence that loaded exercises 
performed in a standing position, e.g. Barbell Squats, are an effective method of overloading the trunk 
stabilization system in a dynamic manner.

➢ Correct movement pattern was still identified as the most important exercise selection criteria for 
development of core stability for dynamic athletic performance.



Single Leg Ball Squat



INJURIES



RUN EXPERIMENT USING MOTION CAPTURE TECHNOLOGY

DR AARON BEACH

➢ Biomechanist Dr Aaron Beach from NSW Institute of Sport believes there is no right way to run, 
although efficiency is key

➢ Experiment to compare an Olympic 1500-metre Runner (OR) with Recreational Runner (RR) using 
principles of Biomechanics and Motion Capture Technology to plot joint and limb movements and 
forces runners exert on the ground

➢ Female Olympian made semi-finals in 2016 Rio Olympics but has since had series of debilitating calf 
injuries

➢ Female Recreational Runner is fit and healthy and running 5-7 kilometres 2-3x weekly

➢ The most NB observation of this study was how much running is a product of the whole body, not just 
a collection of individual movements



Movement Analysis “Running Tall”

➢ In Stance Phase OR spent 24% of cycle with her foot on the ground, and RR 27%

➢ Less time on ground = more time moving forward through the air

➢ OR travelling 10cm further with each stride so more force in less time and increased distance covered

➢ OR strikes ground closer to body (hip-toe is 18cm), RR is 20cm

➢ OR lands on mid-foot to forefoot, with ankle slightly in plantar flexion

➢ Ankle absorbs force and bends into dorsiflexion with force of foot strike stored in lengthening AT like a 
spring under tension. Near end of stride ankle moves back into plantar flexion and tendon releases 
stored energy to help with push off, so ultimately faster



Movement Analysis “Running Tall”

➢ RR lands on heel with body over her centre of mass

➢ This results in increased downward force on RR’s foot so not able to absorb the force by flexing her 
ankle, thus additional strain on hips and knees and a braking force, so ultimately slower

➢ RR increased hip flexion and anterior pelvic tilt resulting in arching the lower back

➢ OR remains more upright so less hip drop and energy required to straighten hip (neutral pelvis) for 
next stride

➢ Also increased hip extension compared to RR

The experiment showed clearly that years of specialist run coaching combined with strength conditioning 
training has prepared the OR for running efficiency. The experiment backed up the notion that running is 
not just about the feet but rather the entire body.

“The best way to explain the biomechanics of the whole system is that all your joints are like an 
elastic band,” says Dr Beach. “Each of the joints of your body move together in a big chain to 
create your technique.”



Force on Foot of RFS



Force on Foot of FFS



Training the “Kinetic Chain”

➢ Running produces loads of up to 2.5-3 times bodyweight, placing tendons under tension for short 
periods of time - when your foot is in contact with the ground

➢ Heavy resistance training offers an opportunity to increase tendon stiffness under loads greater than 
those achieved during running, and for longer periods, thereby improving running performance.

➢ Novices with no current injuries commencing run strengthening programmes should ideally choose 3–
5 exercises that target the hip, thigh, and calf muscles

➢ A minimum of 2 sessions per week for at least 6 weeks is recommended in order to see strength gains

➢ The number of reps and sets should be performed on each side of the body (alternating sides between 
sets), ensuring there is enough resistance for muscles to feel fatigued by the end of each set

➢ When at the point of lifting heavier weights, give 2–3 minutes recovery time between sets. 



Barbell Deep Back Squat



Dumbbell Single Leg Squat



Swiss Ball Hamstring Curl



Swiss Ball Single Leg Hamstring Curl



Band Lateral Shuffle “Crab Walks”



Band/Cable Standing Hip Adduction



Weighted Eccentric Calf Raises



Band Eversion and Inversion Ankle Strengthening



In conclusion, we are now aware that it is not always as easy as putting on our favourite 
running shoes and going for a run. 

Hours are spent teaching cyclists the correct technique with their pedal stroke, and swim 
instructors in the pool teaching us how to swim efficiently to reduce workload and improve 
performance, but nobody is teaching us how to run. 

Analysing foot strike on a treadmill is a valuable tool however we should evaluate each 
runner as a unique individual, assessing their form from bottom to top, and top to bottom to 
strengthen the kinetic chain for running

www.pamblackbio.co.za info@pamblackbio.co.za

http://www.pamblackbio.co.za/
mailto:info@pamblackbio.co.za
mailto:info@pamblackbio.co.za


REFERENCES

➢ Dr. Chris Napier. Science of Running. Analyse your Technique, Prevent Injury, Revolutionise your Training. Penguin 
Random House. 2020

➢ David Mark, ABC News, Australia; Dr. Aaron Beach, New South Wales Institute of Sport, Australia. Why almost 
everything you thought about running is wrong. Dec 2019

➢ Mitchell, U.H; Johnson, A.W; Owen, P.J; Rantalainen, T; Belavy, D. Transversus abdominis and multifidus asymmetry 
in runners measured by MRI: a cross-sectional study. BMJ Open Sport & Exercise Medicine. 2019

➢ Clark, D.R; Lambert, M.I; Hunter, A.M. Contemporary perspectives of core stability training for dynamic athletic 
performance: a survey of athletes, coaches, sports science and sports medicine practitioners. Sports Medicine. 2018

➢ Davis, I.S; Rice, H.M; Wearing, S.C. Why Forefoot Striking in Minimal Shoes might positively change the course of 
Running Injuries. Journal of Sport and Health Science, Vol.6. 2017

➢ John Brewer. Running Science. Optimizing Training and Performance. University of Chicago. 2017

➢ James Amis. The Split-Second Effect: The Mechanism of How Equinus Can Damage the Human Foot and Ankle. 
Department of Orthopaedic Surgery, University of Cincinnati. 2016

➢ Tam, N; Wilson, J.L.A; Noakes, T.D; Tucker, R. Barefoot Running: an evaluation of current hypothesis, future research 
and clinical applications. UCT. 2013

➢ Christopher McDougall. Born to Run. Profile Books. 2010

➢ Ian McLeod. Swimming Anatomy. Human Kinetics. US. 2010

➢ Dr. John A. Hawley. Handbook of Sports Medicine and Science. Running. Blackwell Science. Australia. 2010


