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The ability to decelerate is a key component of any successful rehabilitation program, yet 
it is often overlooked in favor of more traditional forms of rehabilitation and training. 
Deceleration, which is defined as the ability to reduce speed or momentum and stop or 
change direction, can be a key component of successful rehabilitation. The deceleration 
index is a new metric being used by some physical therapists and rehabilitation 
specialists to improve patient outcomes. The index is based on the principle that 
deceleration forces should match those created with acceleration. When patients can 
quickly and efficiently decelerate during physical activity, they are less likely to 
experience pain or injury. While the deceleration index is still in its early stages of 
development, there is promising evidence that it could be the missing link in effective 
rehabilitation. In this editorial commentary, we’ll explore what the deceleration index is 
and why it is important to the rehabilitation process. 

Rehabilitation providers know that the ability to change 
direction quickly is essential for the success of any athlete. 
Performance relies heavily on athletes’ ability to react 
quickly in sports-specific situations, especially with regards 
to agility, coordination, and change of direction (COD). 
Higher intensity accelerations and decelerations are funda-
mental components of COD movements and are integral to 
successful performance of COD. 
To date, change of direction speed (COD-S) tests are 

commonly used to identify an athlete’s performance capa-
bility and potential risk of injury. To fully assess an athlete’s 
ability to quickly change direction, a measurable evalua-
tion tool should be used. Unfortunately, change of direc-
tion has been measured as a time-to-completion to per-
form the task. When using the total time for a change of 
direction test, one assumes that the COD is simply one 
measure of the athlete’s ability. While this measure can 
grossly compare left and right COD ability and asymmetry, 
it gives very little insight into the component parts of COD. 
Change of direction (COD) incorporates key qualities asso-
ciated with athletic performance such as acceleration, de-
celeration, and directional changes.1 In addition to these 
key qualities, the demands of deceleration are increased in 
athletes that have a greater body mass. This is related to 
the fact that these athletes achieve a higher level of mo-
mentum (mass x velocity) before initiating a deceleration 
maneuver. 

Nimphius et al. proposed that the change of direction 
deficit (COD-D) may better distinguish an athlete’s COD 
ability compared to a simple time-to-completion in a COD-
S test.1 Specifically, the COD-D is calculated as the differ-
ence between COD-S test time and the time taken to cover 
the same total distance in a linear sprint.2,3 Some investi-
gations have reported that athletes with faster sprint times 
displayed a larger COD-D,4–8 while others have found the 
contrary.3,9,10 It is possible that sprint momentum, which 
is a function of velocity and body mass, may be more 
closely linked to COD-D because momentum better rep-
resents the mechanical demands associated with the COD 
than velocity alone.11 

While most research and training have been directed at 
increasing an athlete’s power or ability to accelerate, the 
ability to decelerate may be more important and the miss-
ing link in rehabilitation. Deceleration refers to the abil-
ity to slow down quickly and efficiently from one activity 
or movement to another, thereby allowing the individual to 
adjust their momentum and reduce the risk of injury. The 
ability to decelerate is a key component of any successful 
rehabilitation program, yet it is often overlooked in favor 
of more traditional forms of increasing power and speed. In 
this paper, we will examine the role deceleration plays in 
rehabilitation and how the change of direction deficit can 
impact patient outcomes. 
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WHAT IS DECELERATION AND WHY IS IT 
IMPORTANT FOR REHABILITATION 

Deceleration can be defined as the ability to reduce speed 
or momentum with respect to time. Harper has defined de-
celeration as a player’s ability to proficiently reduce whole 
body momentum, within constraints, and in accordance 
with the specific objectives of the task (i.e., braking force 
control), while skillfully attenuating and distributing the 
forces associated with braking (i.e., braking force attenua-
tion).12 Deceleration is vital in change of direction, and a 
deficit in this category can have a major impact on the pa-
tient’s performance. Therefore, deceleration is a fundamen-
tal skill that must be developed in order for an athlete’s to 
successfully complete their rehabilitation program. 
In addition to having an impact on the athlete’s per-

formance, a decrease in the ability to quickly decelerate 
or quickly reduce momentum could lead to injury.11 Poor 
deceleration capability has been identified as a potential 
mechanism associated with non-contact ACL injury13,14 

due to the high forces generated during the deceleration. 
Additionally, due to the high eccentric braking demands 
associated with deceleration, this may have the potential 
to induce muscle damage.15 High deceleration forces may 
be linked to eccentric induced muscle damage. Researchers 
have reported elevated levels of indirect muscle damage 
biomarkers such as creatine kinase (CK) during the 72 hour 
period following repeated sprints with intense decelera-
tions.16,17 Similar findings have been reported between the 
number of high-intensity deceleration actions and CK lev-
els post-competitive match play in team sports, such as 
soccer.18,19 In these instances, the eccentric braking force 
requirements of deceleration can impart damage on soft-
tissue structures through high muscular tensions that can 
disrupt the structural integrity of the muscle fibers and re-
sult in myofibrillar degeneration, which may leak CK into 
the blood plasma.15,20 If the muscular system has a de-
creased capacity to attenuate high eccentric loading forces, 
it may lead to loading beyond the tissues structural capa-
bility, causing muscle strain or tearing. 

INTRODUCING THE DECELERATION INDEX - 
WHAT IS IT AND WHY IS IT IMPORTANT FOR 
ATHLETES. 

Measuring an athlete’s ability to decelerate and accelerate 
quickly is essential for assessing their performance. Using 
motion capture devices, force plates, and wearable technol-
ogy, a clinician can observe changes in speed throughout 
the movement. The deceleration index is a measure of the 
rate at which an object slows down relative to its ability to 
accelerate. This measure has typically been used to describe 
the braking performance of a vehicle. In the automotive in-
dustry, the deceleration index is usually expressed in terms 
of gravitational-force, where 1 g is the acceleration due to 
gravity. For example, if a car has a deceleration index of 0.5 
g, it means that it can slow down at a rate of 0.5 times the 
acceleration due to gravity. The higher the deceleration in-

dex, the faster the vehicle can stop. The deceleration index 
can be used to compare the braking performance of differ-
ent vehicles and to determine whether a vehicle’s brakes are 
operating properly. 
In both performance and rehabilitation, it is important 

to focus on both acceleration and deceleration to ensure 
that the body is able to move efficiently and safely. Ac-
celeration time is the time it takes for the same athlete 
to reach their maximum speed from a standing start or a 
slower pace. In this case, both acceleration and decelera-
tion are determined using speed difference and time. The 
basic formula for calculating acceleration is the change in 
velocity (Δv) over the change in time (Δt), represented by 
the equation a = Δv/Δt  . This allows you to measure how fast 
velocity changes in meters per second squared (m/s^2). De-
celeration can be described as the opposite of acceleration 
and is the time it takes for an athlete to come to a complete 
stop after sprinting or performing another high-speed ac-
tivity. Deceleration can be calculated by dividing the final 
velocity minus the initial velocity, by the amount of time 
taken for this drop in velocity. Much like acceleration, de-
celeration plays a key role in an athlete’s change of direc-
tion speed. Athletes can increase their COD-S by improving 
deceleration techniques and learning how to properly use 
deceleration throughout their movement. Ideally, an indi-
vidual should be able to create a deceleration force equal to 
or better than the acceleration force. 
By dividing the deceleration time by the acceleration 

time, the deceleration index provides a measure of how 
quickly athletes can slow down relative to how quickly they 
can speed up. The deceleration index refers to the ratio of 
deceleration (or braking) force to acceleration force in the 
body’s movement patterns. This measurement is important 
in rehabilitation because it can indicate how well an indi-
vidual is able to control their movements and prevent in-
jury. A high deceleration index suggests that an individual 
is able to effectively control their movements and reduce 
the risk of injury, while a low deceleration index suggests a 
lack of control and a potential for increased risk of injury. 
Therefore, tracking the Deceleration Index can help ath-
letes maximize their performance and safety in competi-
tion. 
The Deceleration Index (DI) offers a straightforward 

measure of how an athlete’s deceleration compares to their 
acceleration. The deceleration index can be useful in a 
number of contexts. For example, in team sports such as 
basketball or soccer, the ability to quickly decelerate and 
change direction is often critical for success. A high decel-
eration index indicates that an athlete is able to slow down 
quickly and efficiently, which may give them an advantage 
on the court or field. To improve an athletes’ change of 
direction speed or deficit, employing the DI as a measur-
able metric ensures that their COD-S development is mon-
itored through both acceleration and deceleration phases. 
This can lead to increased performance, improved safety, 
and higher quality training for athletes. 
The DI can be used to monitor an athlete’s progress over 

time. By tracking changes in an athlete’s deceleration in-
dex, rehabilitation providers can assess the effectiveness of 
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rehabilitation and training programs, thereby identifying 
identify areas for improvement. For example, if an athlete’s 
DI is consistently low, it may indicate that they need to 
focus more on eccentric training and deceleration drills in 
their training. Therefore, the DI can be used as a tool to 
track progress in rehabilitation and identify areas that need 
improvement. 
With rising numbers of sports injuries, there is growing 

interest in finding solutions through training and rehabili-
tation. Going beyond just focusing on power and accelera-
tion in training, deceleration training can be a useful tool 
in the rehabilitation program. COD-S is an integral aspect 
of an athlete’s performance and having an effective mea-
sure of deceleration is key to injury prevention and effi-
cient rehab. The Deceleration Index provides a comprehen-
sive understanding of an individual’s ability to decelerate 
versus their acceleration speed. Using this metric, clinicians 

are able to observe and measure an individual’s ability to 
slow down as well as speed up, thus providing insight into 
the risk for injury. While research into its efficacy is still 
ongoing, initial findings suggest that the Deceleration In-
dex has the ability to improve rehabilitation and may re-
duce the risk for further injury. The use of this metric could 
have significant implications for those working in the fields 
of sports medicine and physical therapy. As such, the De-
celeration Index is poised to be the missing link in rehabil-
itation, allowing practitioners to make informed decisions 
with regards to an individual’s training. With further re-
search, athletes may soon reap the benefits of a reliable way 
to measure progress during rehabilitation exercises and re-
duce injury risk. 
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