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ABSTRACT

The countermovement jump (CMJ) test serves as a popular assessment method owing to its relative
simplicity, time-efficient nature and ability to elicit consistent and repeatable measures. However,
the choice of metrics is vast when undertaking testing with force platforms, which makes it difficult
for practitioners to know which ones to monitor and why. This article outlines some of the common
challenges that practitioners face when considering the use of this test, some objective markers
and subjective information to guide its implementation in practice, in addition to a blend of logic-
led reasoning and referral to the existing evidence base, to consider which CMJ metrics may be
most appropriate for practitioners to monitor during the rehabilitation journey of those who suffer

an anterior cruciate ligament (ACL) injury.

Keywords: Capacity restoration; physical therapy; physiotherapy.
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INTRODUCTION

In sport, practitioners frequently use jump testing as a means of profiling athletic performance,
determining neuromuscular readiness, and as part of an athlete’s ongoing injury rehabilitation
journey (Bishop et al. 2022; Bishop et al. 2023; Jordan et al. 2015; Morris et al. 2026; Rebelo et
al. 2026). Its popularity stems from several factors such as its relative simplicity to perform, time-
efficient nature, and kinematic correspondence to a number of sporting actions (Bishop et al.
2023). Vertical jump testing is, and has been, commonly implemented for years in athletic
performance settings. In rehabilitation settings however, there has historically been a common use
for horizontal jump testing — specifically, variants of single leg hop testing, typically used for the
purpose of identifying knee function in anterior cruciate ligament (ACL) patients (Barber et al.
1990; Noyes et al. 1991; Grindem et al. 2011; Rohman et al. 2015). Despite hop testing offering
some degree of clinical utility for those with limited budgets, a broad range of more recent
literature has indicated that the commonly reported outcome measure of ‘distance hopped’ is
insufficient at detecting relevant capacity deficits (e.g., knee joint work or stretch-shortening cycle
function) during the rehabilitation process for ACL injuries (Kotsifaki et al. 2020; Losciale et al.
2020; Lloyd et al. 2020). Consequently, evidence has come to light suggesting that vertical jump
testing may be more sensitive at detecting residual deficits in physical capacity than horizontal

jump testing in those who have suffered prior ACL injuries (Kotsifaki et al. 2022).

Numerous vertical jump assessments are available for practitioners to consider such as: the
countermovement jump (CMJ), squat jump, drop jump, and their associated unilateral versions, to
name a few. However, for a long time in athletic performance research, and more recently it seems

in injury rehabilitation literature, the CMJ and unilateral CMJ are being routinely implemented

Physiotherapy Theory and Practice: Manuscript Template



56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

more than other jump test options (Claudino et al. 2017; Fort-Vanmeerhaeghe et al. 2022;
Kotsifaki et al. 2022). Thus, despite the common implementation of the CMJ, the discussion
around which metrics to monitor undoubtedly still remains. This becomes increasingly challenging
for practitioners to comprehend when testing is undertaken on force platforms, given upwards of
100 metrics can often be instantly obtained. Therefore, the purpose of this commentary is threefold.
Firstly, to provide a brief commentary relating to some of the challenges associated with CMJ
testing. Second, to provide some suggestions as to when CMJ testing should be integrated into
routine testing practice. Thirdly, to offer some suggestions relating to which force-time metrics
rehabilitation professionals may consider monitoring, to help them inform day-to-day decision-

making in athlete populations who have suffered from an ACL injury.

CHALLENGES WITH USING THE COUNTERMOVEMENT JUMP TEST

Before discussing which CMJ metrics may be useful for rehabilitation professionals, it is important
to outline some of the challenges with the assessment and associated variables that can be extracted
once an athlete has completed a jump. This will help to set the scene as to why some measures are
potentially less useful, so that from a practical perspective, practitioners can likely disregard a
number of metrics before any subsequent data analysis occurs. Important to note at this stage, this
philosophy represents the author team’s opinion only. However, this opinion is predominantly
formed off the basis of understanding fundamental exercise science principles — which the author

team propose are vital when selecting CMJ measures.

Firstly, the most obvious challenge centers around the volume of metrics available when the

assessment is completed on force platforms. Popular manufacturers (e.g., Hawkin Dynamics,
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VALD) can produce upwards of 100 metrics instantaneously. Further to this though, many of these
(when viewed by name), appear to be highly similar with minute discrepancies in definition, that
are not always obvious to the practitioner. Thus, it is not always clear what each metric represents

or how each of them are calculated.

Secondly, some measures are inherently more reliable than others. Reliability represents a critical
component of any test measure (Bishop et al. 2022; Turner et al. 2015), and one that should not be
compromised on. Whilst 10% measurement error is often commonly cited (Cormack et al. 2008)
when using the coefficient of variation (CV) statistic, it seems both sensible and pragmatic to
suggest that practitioners should probably aim for metrics to exhibit not much more than 5%
(Turner et al. 2015). The relevance here being that when practitioners are trying to quantify
whether a change in test score is greater than the CV (which determines whether it is real or not),
a larger change is inherently required to fall outside the ‘noise of the test’ if the measurement error
is high. Importantly though, it is recommended that practitioners use each metric’s CV data or
simply the standard deviation attained from multiple trials or test sessions, to determine whether a
meaningful change has occurred during retesting (Rebelo et al. 2026; Turner et al. 2015). As a
final point of consideration, because this commentary does not suggest using thresholds which
represent a fraction of the measurement error (e.g., smallest worthwhile change), retesting no
sooner than 4-weeks is advised, so that sufficient time passes for some legitimate changes in

physical capacity to have occurred.

Thirdly, test standardization is vital to ensure that subsequent outputs are as accurate (and reliable)
as possible. Put simply, a ‘quiet standing period’ of at least 1-second on force platforms is essential
prior to the jump, so that body mass can be accurately determined (Owen et al. 2014). This is

relevant so that the first meaningful change in force can be computed at the right stage of
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unweighting — especially when the impulse-momentum method is being used to compute how high
the athlete jumps (Xu et al. 2023). As such, poor adherence to key aspects of test standardization
will have a knock-on effect as to the accuracy of all subsequent metrics that the software then

calculates.

Finally, it is easy to fall into the ‘collinearity trap’, whereby many of the monitored variables are
actually telling us the same thing. For example, there is an argument to say that jump height, net
impulse, and take-off velocity provide the same information, albeit it in different units.
Specifically, impulse is the mechanistic reason why jump height is what it is — it describes the net
force produced over the propulsive phase (Turner et al. 2020). Similarly, how high an athlete jumps
is a product of the athlete’s take-off velocity. In essence, one of these describes how force is
produced over time (impulse), one describes the product of that force production over time (take-
off velocity), and the other describes the subsequent performance output (jump height). Whilst
three independent metrics do exist, they are inherently linked to the final outcome of jump height;
thus, there is an argument against needing all three and only focusing on one (if it is deemed

appropriate).

In summary, whilst not an exhaustive list, this section outlines some of the key challenges that
practitioners face when utilizing the CMJ as part of their routine testing protocols. Figure 1
provides a graphical representation of these challenges, and as long as practitioners keep these

issues in mind, it will help ensure they do not fall into the trap that many have done in the past.

** Insert Figure 1 about here **
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WHEN TO INTRODUCE COUNTERMOVEMENT JUMP TESTING

The CMJ (both bilateral and unilateral versions) require rapid eccentric and concentric actions.
Thus, clinicians must consider when the appropriate time is to expose an athlete to these demands.
A common approach is to use standardized time points — i.e., 3-months post-surgery (Dutaillis et
al. 2025); however, this approach does not account for individual variation in tissue healing,
neuromuscular recovery, and psychological readiness. In clinical practice, progression through
rehabilitation phases using a criterion-based approach is regarded as best practice (Kotsifaki et al.
2023). In addition, it should be noted that evidence-based criteria to guide when to start jumping
post ACL injury remains unclear. Thus, in the absence of these, it is prudent to use clinical markers
of knee homeostasis, function restoration in key physical characteristics, and normative data to set
benchmarks to guide progression.

First and foremost, the introduction of jump testing requires an absence of effusion (< grade 1 +
on stroke test) (Sturgill et al. 2009), clinical knee stability on Lachman testing, full knee extension
(or preferably hyperextension), and knee flexion ROM > 120°. It is also advised for pain to remain
within manageable limits (0-3 using a numeric scale). Patient reported and objective measures of
function should also be assessed. At 3-months post-surgery, self-reported International Knee
Documentation Committee (IKDC), and ACL Return to Sport Index (ACL-RSI) scores of 68 + 10
and 48 + 25 have been reported (Dutaillis et al. 2025) and can be used as potential benchmarks.
Objective measures of movement quality, limb capacity and peak force production capability,
particularly of the knee extensors, are advised before commencing with jump testing. Common
literature recommendations suggest using isokinetic limb symmetry thresholds, but there are
inherent limitations of ratios (Bishop 2025), and the potential for deterioration in the uninvolved

limb (Wellsandt et al. 2017). Furthermore, this testing mode is also hard for many clinicians to
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access. Thus, inline dynamometry provides a practically viable approach. Our experience (Read,
2025) and published data (Dutaillis et al. 2025) indicate that at 3-months post-surgery, knee
extension peak torque at 90°, ranges between 5.5-6.5 N/kg provide a reasonable minimum target.
If no equipment is available, isotonic single leg knee extension scores of > 40-50% of body mass
can be used, but this suggestion is purely anecdotal.

Moving beyond the knee, we must consider that the propulsion required to jump vertically involves
predominantly equal contributions from the ankle, knee and hip (Kotsifaki et al., 2021). The soleus
also contributes meaningfully during the final phase of take-off (Kotsifaki et al. 2022). Thus, it is
prudent for athletes to demonstrate at least a base level of function at the ankle and hip, as well as
at the knee. Clinician friendly assessments such as single leg calf raises and glute bridges (target
> 25 reps) are recommended. If technology is being used, seated plantar flexion on a fixed
dynamometer of > 13 N/kg provides a realistic benchmark (Read, 2025).

Movement quality should also be assessed in representative tasks before vertical jump testing is
integrated. For example, the ability to perform a single leg squat (under control) to a depth > 70°
is expected by 3-months post-surgery and can be used as an additional clinical benchmark (Read,
2025). When technology is available, a bilateral squat on dual force platforms can also be used
with the goal of athletes displaying between-limb differences in mean braking and propulsive force
of < 10% (Read, 2025). Supporting this, in our experience, athletes should be able to achieve
appropriate depth (> —34 + 7.3 cm negative displacement) and display relevant intent (eccentric
peak velocity -0.5 m/s or faster) (Read, 2025).

Collectively, and although some suggestions are subjective, the aforementioned section provides
some clinical guidance as to when both bilateral and unilateral CMJ testing should be

implemented.
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SO, WHICH METRICS HOLD TRUE IN INJURY-BASED CONTEXTS?

In light of the previous section in this commentary, we can now ask ourselves which metrics are
relevant for rehabilitation professionals to use from the CMJ test and why. As an additional point
of consideration, this article proposes that the metrics put forward can be selected when using both
the bilateral and unilateral versions of the CMJ. However, it is important to appreciate that these
tests offer practitioners different information and should not be used inter-changeably.
Specifically, the velocity of movement during the CMJ will be greater than the unilateral CMJ
(which is why a bilateral jump height is greater than a unilateral one). In contrast, the relative force
per limb will be higher during a unilateral CMJ (Cohen et al. 2020). In essence, the bilateral CMJ
is likely to be more useful for understanding an athlete’s compensation strategies, whilst the
unilateral CMI is likely to provide superior information relating to ‘true limb capacity’ — given no
direct interaction from the other limb takes place. With this in mind, it seems sensible to suggest
that both versions probably have their place in a testing battery, but an appreciation that these offer
different pieces of information will help drive decision-making specific to both the practitioner
and the context of the athlete’s current physical capacity at the time of testing. Finally, whilst some
injuries may dictate specific variables that need to be monitored, the underlying principles of
metric reliability and the need to select measures which adequately show restoration in capacity
are likely to be uniform for practitioners using jump testing during a patient’s ACL rehabilitation
journey. With this in mind, these are the CMJ metrics that we propose injury rehabilitation
professionals prioritize, noting that jump height and all suggested force measures have been shown
to elicit significant reductions in capacity, relative to the uninvolved limb after an ACL injury
(Dutaillis et al. 2024):

Jump height
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As the primary outcome measure from nearly all jump tests, this metric will always be relevant as
it is likely to be the one that key stakeholders (i.e., the athlete and head coach) are able to
understand (Bishop et al. 2023). Furthermore, jump height is consistently (and strongly) associated
with independent measures of athletic performance, such as linear and change of direction speed
(Smirniotou et al. 2008; Vescovi et al. 2008) and a primary distinguishing variable in the
rehabilitation journey (Morris et al. 2026), which indicates that it may provide supporting
information for other important physical qualities (when the athlete is ready to return to
performance-focused training).

Mean propulsive force

In line with the aforementioned narrative relating to the importance of restoring deficits in physical
capacity, this metric enables an understanding of how force generation capabilities have recovered
during a ballistic physical test measure. Importantly, it represents a critical propulsive based
metric, which serves as an important factor behind why jump height is or is not improving, when
tracking change over time (Bishop et al. 2023).

Mean braking force

Given the context behind how some ACL injuries happen (i.e., too much force attenuation in a
short amount of time — although other injury mechanisms also occur) (Della Villa et al. 2020; Della
Villa et al. 2025), mean braking force seems an especially relevant metric. Importantly, mean force
makes more sense than peak force (which is just a single instantaneous moment prior to take-ofY),
as it provides a depiction of the average force accumulated over the entire jump. This may be
especially important during rehabilitation with respect to contralateral limb function, which can
also be impaired, especially during the braking actions of the CMJ (Al-Saket et al. 2026).

Countermovement depth

10
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This measure provides practitioners with context as to why mean braking force changes, when
monitoring over time (Bishop et al. 2022). Put another way, if countermovement depth decreases
prior to take-off (i.e., a shallower countermovement strategy is adopted) and movement velocity
is maintained, athletes will require a sharper, elevated braking force before transitioning to the
upward movement of the jump. Consequently, including this metric helps to complement the
information obtained from mean braking force.

Mean landing force

The landing component of a jump-landing task may provide additional information relevant to
injury risk — potentially more so than propulsive-based measures (Pedley et al. 2020). Although
somewhat speculative, this is likely because an athlete’s ability to attenuate force on landing is
likely a closer representation of the associated injury mechanism than during take-off (Della Villa
et al. 2020).

Inter-limb asymmetry

Important to note, one of the primary purposes of a rehabilitation professional’s role is to restore
function and physical capacity in injured populations. Thus, quantifying any residual deficits or
side-to-side asymmetries is a fundamental part of any sports injury practitioner’s role (Bettariga et
al. 2022). However, at this point, the reader should note that reference to monitoring inter-limb
differences relates only to the aforementioned metrics already proposed herein. With this in mind,
if practitioners select the bilateral CMJ, side-to-side differences can only be quantified for force
metrics — as separate left and right values for jump height and countermovement depth are not
feasible. In contrast, if and when using the unilateral CMJ, inter-limb differences can be quantified
for all proposed variables. Importantly though, it is suggested that practitioners do not rely on the

interpretation of asymmetry measures in isolation. This is especially relevant during injury

11
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rehabilitation given that reduced asymmetry can be evident as a consequence of reductions in the
contralateral limb’s physical capacity (Al-Saket et al. 2026), not just improvements in the involved

limb.

** Insert Figure 2 about here **

CONCLUSION

In summary, selecting a test for data collection is a relatively straightforward process — especially
where assessments like the CMJ are concerned. In contrast, specific metric selection is complex
given the amount practitioners are able to choose from when performing jump tests on force
platforms. This article proposes a pragmatic set of metrics for rehabilitation professionals to
monitor when working with athlete populations who have suffered from a traumatic knee injury,

such as an ACL rupture.
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385 Figure 1. Key challenges for practitioners when using the bilateral and unilateral
386 countermovement jump assessments on force platforms.
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388 -
389 Figure 2. Suggested metrics for the rehabilitation professional to prioritize when using the
390 countermovement jump (CMJ) during routine testing protocols for injured populations.
391 Note: * indicates that inter-limb asymmetry can only be measured for the raw metrics of mean

392 propulsive force, mean braking force and mean landing force during the bilateral CMJ and for

393 all metrics if the unilateral CMJ is selected.
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