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Decelerations frequently occur during sport and are often associated with non-contact
knee injury mechanisms. Though decelerations place a high eccentric demand on the
quadriceps, little is known about the relationship between quadriceps function and
deceleration performance. Traditional functional testing batteries often over-estimate
quadriceps function and lack assessments of deceleration performance, while current
deceleration testing is often heavily reliant on technology and performed at shallow
angles. The purpose of this clinical commentary is to describe the relationship between
deceleration and quadriceps function, suggest two clinical tests to assess deceleration
performance, and provide exercise suggestions for improving deceleration performance.
The authors believe that assessing a deceleration task and a single leg retro hop may be a
viable alternative for assessing the quadriceps when isokinetic or isometric testing may

not be available.

Level of Evidence: 5

INTRODUCTION

Deceleration performance is an essential indicator of ath-
letic talent and sport performance.! Defined as a sporting
action that precedes a change of direction? or an action im-
mediately following a sprint to reduce momentum,3 decel-
erations occur frequently during competition. High speed
decelerations occur more frequently than accelerations,
with soccer athletes performing 40-62 decelerations (5-7%
of total player load) per match.# Due to the high impact
forces and loading rates that occur during a deceleration, it
is a common mechanism for non-contact knee or anterior
cruciate ligament (ACL) injury and also associated with el-
evated markers for muscle damage®® Because pressing or
sudden decelerations performed close to an opponent have
been identified as common injury mechanisms, it has been
suggested that deceleration training may serve as a “vac-
cine”” or “missing link”® for reducing injury risk. Despite
this, little is known about the relationship between quadri-
ceps function and deceleration performance.

Deceleration places a high demand on the quadriceps
with activation exceeding 161% of the maximum voluntary
isometric contraction (MVIC) during a deceleration task.’

Angular velocities at the knee have been reported to be 493
+252°/s7:10 during decelerations, indicating that high lev-
els of quadriceps activation and eccentric strength are re-
quired to safely control the knee joint. Specific to the ath-
letic population, a single leg landing from a running stop
results in a higher peak ACL force (1294 N) than any other
open or closed chain task.!! Additionally, a higher rate of
deceleration results in higher ACL loading.!1:12 Functional
testing batteries are often utilized to assess an athlete’s
readiness to return to sport following ACL reconstruction,
with a bulk of tests focusing on quadriceps strength, sin-
gle leg squat performance, and horizontal hop testing. Re-
cent evidence suggests that functional testing and hori-
zontal/forward hop distance may over-estimate function,
with patients achieving >90% limb symmetry indices (LSI)
during hop testing despite having significant quadriceps
deficits via isokinetic testing.1314 As the quadriceps are un-
der greatest demand during deceleration, the authors be-
lieve that examining deceleration performance may expose
any underlying quadriceps deficit and serve as an appro-
priate surrogate when isokinetic or instrumented isometric
testing is not available.
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Figure 1. Deceleration Task Testing Procedure. The
patient completes a 10 meter sprint from Cone 1 to
Cone 2 followed by a 135° change of direction and
subsequent sprint to Cone 3. One repetition is
completed on both the right and left legs.

Current examples of deceleration testing heavily rely
on technology (3-dimensional video analysis, force plates,
etc.) and utilize a change of direction (COD) maneuver per-
formed at shallow angles from 30-90°.5:15 Subjective scales
such as the Cutting Movement Assessment Score (CMAS)15
have been utilized to examine COD performance and pro-
vide insight into technique, faulty patterns, and potential
injury risk. The use of a deceleration index® and deceler-
ation deficit1® testing have also been suggested as assess-
ment methods. Though promising, there is a lack of decel-
eration testing in athletic populations, especially at angles
>90° where harder braking occurs, and vertical ground reac-
tion forces rise. Therefore, the authors suggest two deceler-
ation tests that can be performed without significant tech-
nology that may provide additional insight into quadriceps
function: the deceleration task and the single leg retro hop.

The deceleration task involves a 10m sprint followed by
a 135° COD and sprint to a cone 5m away (Figure 1). The
patient is timed and subjective scales such as the CMAS
can be utilized to provide insight into deceleration perfor-
mance. The task is performed in both directions. The au-
thors believe that this task places a high demand on the
quadriceps and patients with large quadriceps deficits may
likely compensate or demonstrate errors at the penultimate
and/or final foot contacts. Biomechanical assessments of
knee flexion angle, trunk flexion angle, and the presence of
dynamic knee valgus can be performed.

To perform the single leg retro hop, a marker is placed
24 inches in front of the athlete for the initial landing
distance. [Of note, allometric scaling for placement of the
marker is currently being explored by the authors]. The pa-
tient stands on the involved leg and jumps to the initial
landing area. After landing, the patient immediately hops
backwards with maximum effort, hopping as far as possible
(Figure 2). The patient must “stick” the landing and hold
it for three seconds. During the backwards hop, the goal
is for the patient to achieve > 90° knee flexion if possible
in order to ensure utilization of the quadriceps and elimi-

Figure 2. Single Leg Retro Hop.

Patients completed a single-leg forward hop (24 in.) and then immediately completed a
maximum effort retro hop.
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Figure 3. Surface Electromyography Assessment of
Single Leg Forward Hop vs. Single Leg Retro Hop.

The maximum voluntary contraction (MVC) was calculated in microvolts at the point of
landing from the single leg forward hop and during the single leg retro hop marked by
letters A and B respectively.

nate compensatory strategies (stiff landings, over-reliance
on hip or trunk landing strategies, etc.). The retro hop dis-
tance is measured from the initial landing position to the
final landing position (heel to toe). Three trials are per-
formed on each limb and averaged to identify the LSI . Sur-
face electromyography (SEMG) may also be utilized during
this task to quantify quadriceps muscle activity during the
deceleration (Figure 3).

Figure 3 demonstrates an example of quadriceps SEMG
activity during forward and retro hopping in an athlete
nearing return to sport following ACL reconstruction. This
patient demonstrated a peak SEMG of 3300 microvlts dur-
ing retro hopping compared to 2800 microvolts with for-
ward hopping. This indicates that retro hopping may re-
quire greater quadriceps SEMG activity than forward
hopping. It is also noted that during the single leg forward
hop the peak SEMG occurs upon landing (not take off),
demonstrating that the quadriceps is more active during
the deceleration (eccentric) phase. Further studies are
needed to validate if retro hopping will correlate more
closely with LSI quadriceps deficits versus traditional for-
ward hopping tests.

Both of these assessments may provide insight into
quadriceps function during later stages of rehabilitation.
Future validation and reliability studies are needed to en-
sure their clinical utility and identify their potential role in
testing batteries. Eccentric exercises may help prepare ath-
letes to handle the demands of deceleration when return-
ing to sporting activities. Inclusion of deceleration activi-
ties during rehabilitation is helpful in preparing the injured
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Figure 4. Examples of Deceleration Tasks Utilized
During Rehabilitation

athlete for sporting activities and testing. The following
are examples of exercises that may be implemented during
the rehabilitation process to induce eccentrics and deceler-
ation: standing forward drop lunges, Sportcord retro walk-
ing, single leg drop jump, lateral/forward step downs, ther-
apist resisted lunges activities (deceleration stops), hill
walking eccentric descents and serpentines, and reverse
lunges using sliders (multi-directional) (Figure 4).

CONCLUSION

Traditional functional testing often over-estimates quadri-
ceps strength and does not expose athletes to the high ec-
centric quadriceps demands required for deceleration. The
example described above demonstrated the increased
quadriceps SEMG during a retro hop compared to forward
hopping. Further studies are needed to determine if the
retro hop and deceleration task performance correlate to or
are predictive of quadriceps deficits in the involved extrem-
ity. Clinicians should consider the relationship between de-
celeration and quadriceps function when assessing athletes

Therapist Resisted Lunges

Eccentric Hill Walking

Single Leg Drop Jump

and leverage that relationship during the rehabilitation
process to better prepare athletes to return to sport.
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