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TAKING A STEP BACK TO 
RECONSIDER CHANGE 
OF DIRECTION AND ITS 
APPLICATION FOLLOWING 
ACL INJURY
– Written by Philip Graham-Smith, Qatar, Paul Jones, United Kingdom and Paul Read, Qatar

INTRODUCTION
Research into changing direction has 
become increasingly frequent due to 
observations that ‘agility’ performance 
tests can differentiate between levels of 
playing ability1,2 and these movements 
are characterised as high-risk, potentially 
leading to anterior cruciate ligament (ACL) 
injuries. For example, rapid changes of 
direction are cited as a key mechanism in 
sports such as handball3, soccer4,5, rugby 
union6 and American football7.

This article revisits some fundamental 
concepts and provides alternative 
arguments pertaining to the risks and 
performance indicators of changing 
direction. The aim is to provide some clarity 
around key factors for consideration when 
developing a framework for enhanced 
return to play/performance after ACL injury.

What is the ‘Real’ Risk of an ACL injury?
An ACL injury is a catastrophic event which 
may or may not occur in a player’s career. The 
actual exposure of a sportsperson to this risk 
can be estimated based on the number of 
turns they are likely to make in their playing 
career. If we make a conservative estimate 
that soccer players start training and match 
play at the age of 10 (and it is likely to be 
younger), and they finish their professional 
career at the age of 35, this equates to 25 years 
of exposure. The season typically last for 
9 months of the year, or approximately 40 
weeks. Players may train or play 5 times per 
week and perform 40 changes of direction 
per session (conservative). Baptista et al.8 
recently reported players make on average 
around 40 turns at angles > 90 degrees per 
game. Bloomfield et al.9 reported 100 turns 
and Withers et al.10 reported 50. Doing the 

math, this equates to somewhere in the 
region of 200,000 turns in a playing career. 
The majority of players will never get an ACL 
injury, whereas some may be unfortunate 
to have two (or more likely a reoccurrence 
of the same injury). Using this example, is it 
any wonder that predicting the occurrence 
of an ACL injury to a specific player has 
proven difficult? Even if we estimate that 
10% of these will be performed at high 
intensity, we’re still looking at up to a 1 in 
20,000 chance of sustaining a knee injury 
specifically due to changing direction.

What are the underlying causes of an ACL 
injury?
In mechanical terms, a structure will break 
or rupture when the force it is exposed to 
exceeds its failure tolerance. An ACL rupture 
is likely to occur as a result of a combination 
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of tensile, shear and torsional loading due 
to concurrent movements of knee flexion, 
and slide and rotation of the tibia relative to 
the femoral head whilst the athlete accepts 
force and rotates about the turning foot.   

It is more likely that an ACL will rupture 
as a result of an abnormal movement with 
a slightly different loading pattern that 
occurs maybe once in a career, probably due 
to a combination of factors which include 
a higher intensity (speed/deceleration), 
possibly in a fatigued state or where shoe-
surface friction is excessive. 

Any attempt to reduce the stresses 
placed on the ACL should therefore address 
ways in which the load it is exposed to 
can be reduced, preferably without any 
detrimental effect on performance.

Is CoD research really helping us to make the 
right interventions?
We know that the turning leg is most at risk 
in the first 17-50ms of contact and between 
5-30 degrees of knee flexion11,12. Given the 
lack of preparation time and limited range 
of motion in which a player can respond 
to this loading, it is highly unlikely that 
looking at discrete body parts in isolation 
will help to identify ways in which to reduce 
the ACL load. Despite this, a large propensity 
of the available research has examined the 
mechanics of the turning leg in the hope that 
a golden nugget will appear highlighting 
that it’s the trunk, hip, knee or ankle position 
that somehow reduces the external knee 
abduction moment (a surrogate variable 
that is often used to quantify ACL risk).

A critical appraisal of the research in this 
area reveals that the methods are often far 
removed from reality and therefore the 
findings become meaningless. The most 
obvious and heavily debated is assessment 
of planned versus unplanned tasks. This 
is a valid discussion, but it has detracted 
people’s attention away from something 
much more relevant – a fundamental lack 
of appreciation and understanding of the 
horizontal ground reaction force (GRF). In 
addition, standardisation of footwear and 
appropriate combinations of shoe-surface 
interaction are rarely reported. This factor 
alone can have huge implications on how 
an athlete orientates their body as they 
accelerate and decelerate. It could be argued 
that we have been blinded by technology 
and an obsession over the use of integrated 
motion capture systems in laboratories 
and accepted that the lab surface and the 

subjects self-selected shoe is a reasonable 
limitation – we believe it is not! Finally, 
the limitations, inherent errors and trial to 
trial variability present when using inverse 
dynamics to measure ‘net’ joint moments are 
ignored and these variables are presented as 
the ‘gold standard’. The ‘net’ moments about 
the knee are then taken as the surrogate 
variable that implies injury risk or entered 
into more sophisticated modelling software 
to predict load in the ACL.

We must move on from our current practice 
and perceived limitations, re-evaluate the 
task and focus on fundamental factors that 
can be modified or manipulated to improve 
performance and reduce injury risk.

Re-evaluating the task
First and foremost, we must consider 
changing direction as a performance 
attribute. When players change direction 
in sport, the intention is generally to find 
or close down space by committing an 

opponent, or to make/ avoid a tackle. For 
example, in a sport such as basketball it is 
often beneficial for the attacking player 
aiming to take a shot to avoid making 
contact with an opponent and stay far 
enough away from arms reach.

If we consider any change in direction 
that is 90 degrees or greater relative to the 
initial direction, it is a requirement that 
the athlete must reduce his/her speed 
(momentum) momentarily to zero. This is a 
significant factor and relates to the outcome 
of being able to perform the movement 
quickly and avoid being tackled. This is 
where the horizontal GRF (the friction force) 
and how the player decelerates is critical. 
If the player brakes predominantly on his/
her final foot plant (the turning leg), he/she 
will spend more time in closer proximity to 
the opponent, leading to a greater chance 
of being tackled. If they can brake harder 
on the penultimate contact they can react 
quicker on the turning foot, and more 
importantly the line of the foot is parallel to 
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the thigh meaning the braking force is taken 
in a stronger position for the quadriceps to 
decelerate13,14. In contrast, braking harder on 
the final contact where the foot placement 
angle may not be in alignment poses a 
greater risk of injury. Here we can see that 
a technical intervention may be a key factor 
for safer and faster changes of direction.   

Breakdown of the movement
To illustrate our point, we have used a 180 
degree turn, but the key principles can be 
applied to all forms of direction change. 
We have separated the movement into 4 
phases; acceleration-in, preparation for turn, 
turn, and acceleration-out. The total time to 
perform the task would be the sum of each 
of the 4 phases.

1. Acceleration – in: 
Acceleration is an important metric for 
heightened team sports performance and 
has been a recent focus for many in recent 
years, but it can also be assumed that 
practitioners are less likely to know what 
speeds a player can attain in a specific 
distance? The maximum speed that an 
athlete can attain prior to changing direction 
dictates how much braking impulse needs 
to be imparted. In game scenarios there is 
no pre-determined ‘approach’ distance, so 
in order to understand the loading demands 

we first need to evaluate our athletes’ ability 
to accelerate and decelerate within set 
distances. Using a Laveg speed gun, Graham-
Smith et al.15 determined the typical speeds 
players can attain over a range of short 
distances (relative to their maximum sprint 
speed). This was achieved using a test where 
athletes were required to accelerate from 
specified distances and stop dead on the 
zero point (Figure 1). Results revealed that 
54% of maximum speed is typically attained 
within the first 2.07m, requiring 2.93m to 
decelerate (within a total distance of 5m).

Regression equations were then 
developed to determine what % of maximum 
speed could be attained with a given 
acceleration distance, and subsequently 
what stopping distance would be required 
to decelerate from that speed (Figure 2). This 
approach allows practitioners to build a 
profile of their acceleration and deceleration 
capabilities. For example, a player who 
accelerates 10m will attain 87% of their 
maximum speed and this would typically 
require around 7.4m to decelerate and stop 
within a total movement distance of 17.4m. 
This gives us context for understanding the 
first part of change of direction performance.

2. Preparation for turn
This phase has two functions, to commence 
deceleration so that the player arrives at 

the final foot contact with minimal speed, 
and secondly to ensure that the final step 
length is short enough to allow double leg 
support. Deceleration has both technical 
and physical qualities attributed to it. In the 
study mentioned above the deceleration 
gradient in the acceleration-deceleration 
test, (denoted by the gradient of changes 
in mean speed relative to changes in mean 
stopping distances in the 10m and 5m trials) 
had moderate associations with combined 
left and right leg eccentric strength in 
the knee extensors and flexors, R2 = 0.281 
and 0.219 respectively. From a technical 
perspective, greater braking impulse on 
the penultimate contact has been shown 
to relate to faster turns13,14. Positioning the 
centre of mass further behind the point of 
contact into the penultimate contact via, 
rearward inclination of the trunk, the leg 
planted in front of the body and making 
contact with the heel will promote greater 
braking forces (Figure 3). Providing the 
foot is planted in the same direction of the 
thigh, and the athlete displays good levels of 
eccentric strength, this will provide a sound 
platform to decelerate quickly. However, this 
strategy should not be promoted if the foot 
is already rotated into the turn. The length 
of the last step should also be short enough 
to permit dual foot support, as this helps 
to establish a firm base, increased stability 
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Figure 1: Absolute and 
% maximum speed and 
stopping distances (Graham-
Smith et al, 2018).
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and faster re-orientation of the feet prior to 
accelerating out.  

3. The turn
A successful turn will be one which has 
the lowest contact time on the turning 
foot (thereby ensuring less time in close 
proximity to an opponent), and where the 
body doesn’t travel too far forward. If there is 
excessive forward trunk rotation the centre 
of mass travels a greater distance than 
is necessary and puts more load directly 
over the turning foot. The trunk, head and 
upper limbs account for approximately 
60% of an athlete’s body weight; therefore, 
controlling the trunk movement is critical 
to performance and managing the joint 
loads at the knee. Rotating the feet when 
the greatest force is over the foot produces 
greater torsional friction and risk to the 
knee. Reducing torsional friction can be 
achieved by timing the re-orientation of the 
feet with weight shifts, primarily through 
the repositioning of the trunk. As the trunk 
rotates forward in the initial part of contact, 
the vertical force over the rear leg reduces. 
This is the time to re-orientate the rear 
foot. The greatest vertical force over the 
turning leg is when it reaches maximum 
knee flexion. Prior to rotating the turning 
foot, the player should reduce vertical 
force by repositioning the trunk into the 
intended direction of movement. As the rear 
leg is already orientated in the intended 
direction of travel, the purpose of the turn 
leg is to generate enough force to overcome 
inertia and shift the centre of mass ahead 
of the rear foot (thereby promoting faster 
application of horizontal propulsive force). 

Timing foot rotations with weight shift can 
be taught to help reduce torsional friction 
due to interaction between the shoe (boot) 
and surface.     

4. Acceleration-out
With correct alignment of both the athlete’s 
feet and legs, their body is now facing the 
intended direction of travel and the trunk 
is inclined forwards over the rear foot (now 
effectively the front foot). All that remains is 
for the player to accelerate away.

The importance of eccentric strength
Eccentric strength in the quadriceps and 
hamstrings have shown associations with 
the ability to change direction quicker13,14,16,17,18 
and more specifically to decelerate15,19. 
Eccentric strength in the quadriceps and 

hamstrings has an additional benefit as it 
helps to provide dynamic stability of the 
knee when subjected to high shear forces, 
brought about by rapid decelerations. 
Graham-Smith et al.20 suggested that 
dynamic stability of the knee musculature 
could be assessed using the ‘angle of 
crossover’ from an isokinetic dynamometer. 
This metric represents the angle where the 
eccentric torque of the hamstrings is equal 
to the concentric torque of the quadriceps. 
Within a cohort of professional football 
players, the average angle of crossover was 
31 degrees (0 being full extension) with a 
range of 16 to 55 degrees. It was suggested 
that if the angle of crossover is closer to mid-
range then there is a greater ‘safe’ range 
where hamstrings can resist more than the 
quadriceps can generate.    
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Figure 2: Regression Equations for acceleration distance, %maximum speed and stopping distance (Graham-Smith et al, 2018).

Figure 3: Body alignment at contact into the turn emphasising rearward trunk inclination, leg 
planted in front of the body, forward orientation of feet and short step length.  
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Implications for ACL rehabilitation and 
return to play/performance
The decision to release a player back into 
competitive situations requires practitioners 
to have the confidence that the player can 
withstand the demands of the game.  

Many rehabilitation exercises are 
performed in a vertical direction, for 
example, double and single leg drop and 
hold, progressing to reactive drop jumps 
(double and single legs). While this approach 
helps the athlete to accept load vertically, we 
cannot overlook exercises that also build in 
horizontal braking forces. Hopping is a good 
progression, but typically the centre of mass 
is above the foot on landing. This means 
that eccentric loading is still mainly directed 
vertically, although we cannot dismiss that 
within the knee joint itself shear forces will 
be present.

Whilst slow speed forward, backward 
and lateral movements should be 
encouraged to reintroduce the athlete to 
more game related movements, later stage 
rehabilitation and return to ‘performance’ 
must incorporate drills that expose the 
athlete to greater levels of horizontal 
braking forces. In addition, it would be 
prudent to develop eccentric strength in 
the quadriceps and hamstrings as a pre-
requisite to give the athlete confidence in 
their ability to decelerate. 

Deceleration drills should be introduced as 
the athlete makes good progress in their 
ability to accelerate and attain speeds of 
over 7.5m/s.

Using the regression equations in Figure 
2, progressive drills can be developed to 
mark out appropriate acceleration and 
deceleration distances, gradually reducing 
the stopping distance. For example, if a 
10m acceleration distance was marked out, 
the practitioner would aim to progressively 
decrease the stopping distance to ~ 7.4 
m, which would be acceptable. Technical 
interventions could play a vital role in 
offsetting reinjury, something that until 
recently21 does not seem to have been 
promoted in rehabilitation programmes or 
within the available literature. Emphasis 
should be on keeping the feet aligned 
in the direction of travel and gradually 
encouraging the athlete to lean backwards 
and plant the leg further in front of the body. 
The practitioner should also observe to see if 
the athlete is able to confidently decelerate 
on both injured and non-injured legs. 

Concurrently with deceleration drills, 
technical interventions can be introduced 
for changing direction at angles equal to 
or greater than 90 degrees, but at relatively 
slow speeds. Technique should focus on 
a short last step for dual foot support and 

synchronising feet re-orientation with 
unloading as a result of weight shift from 
trunk movement.

Speeds and deceleration into the turn can 
then gradually increase whilst still adopting 
confident and ‘safer’ technique. 

A word of caution when using total 
time alone to assess change of direction 
performance as part of an athletes return 
to play criteria. Deficiencies in strength 
and control when turning off either leg 
can be masked by compensation strategies, 
leading to similar performance times.

Common sense tells us that the 
overall performance time is a function of 
acceleration and deceleration abilities of 
both limbs. King et al.22 has confirmed this 
recently and identified that turning off 
the ACLR leg is potentially less hazardous 
as a result of stronger braking off the non-
injured limb in the penultimate contact. 
In this regard, if a direct assessment of 
penultimate and final contact braking 
forces and impulses is not possible, simply 
comparing contact times on the turning 
leg along with a qualitative analysis of 
technique (as described above) will at least 
give the practitioner some indication of 
the athlete’s ability to return to play. For 
example, if the overall performance times 

When using total time alone to assess 
change of direction performance as part of 

an athletes return to play criteria, clinicians 
should be aware that deficiencies in strength 
and control when turning off either leg can 

be masked by compensation strategies, 
leading to similar performance time.
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are similar, poor decelerative ability of the 
ACLR limb in the penultimate contact is 
likely to equate to a longer contact time on 
the non-injured limb in the turn (because 
there will be more speed and load to 
accept in the final contact). Contact times 
can be assessed accurately by filming the 
movement in high speed mode (120 / 240 
fps) on iPhone, Casio Exilim or GoPro and 
counting the number of frames in contact 
when reviewing through free software such 
as Quintic Player or various mobile phone 
applications such as Dartfish Express. 
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