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Maloney, SJ. The relationship between asymmetry and
athletic performance: A critical review. J Strength Cond
Res 33(9): 2579–2593, 2019—Symmetry may be defined
as the quality to demonstrate an exact correspondence of
size, shape, and form when split along a given axis.
Although it has been widely asserted that the bilateral
asymmetries are detrimental to athletic performance,
research does not wholly support such an association.
Moreover, the research rarely seeks to distinguish between
different types of bilateral asymmetry. Fluctuating asymmetries describe bilateral differences in anthropometric attributes, such as nostril width and ear size, and are thought to
represent the developmental stability of an organism. There
is evidence to suggest that fluctuating asymmetries may be
related to impaired athletic performance, although contradictory findings have been reported. Sporting asymmetries
is a term that may better describe bilateral differences in
parameters, such as force output or jump height. These
asymmetries are likely to be a function of limb dominance
and magnified by long-standing participation within sport.
Sporting asymmetries do not seem to carry a clear influence
on athletic performance measures. Given the vast discrepancy in the methodologies used by different investigations,
further research is warranted. Recent investigations have
demonstrated that training interventions can reduce sporting asymmetries and improve performance. However, studies have not sought to determine whether the influence of
sporting asymmetry is independent of improvements in neuromuscular parameters. It may be hypothesized that the
deficient (weaker) limb has a greater potential for adaptation in comparison to the strong limb and may demonstrate
greater responsiveness to training.
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INTRODUCTION

S

ymmetry may be defined as the quality of an object
to demonstrate an exact correspondence of size,
shape, and form across its 2 halves when split along
a given axis. In the human body, we typically consider mirror symmetry along the coronal axis, which partitions
the body into left and right halves. Thus, deviation from mirror symmetry across the coronal axis is termed bilateral asymmetry. Although it has been widely asserted that the bilateral
asymmetries are detrimental to athletic performance, research
does not wholly support such an association. Moreover, the
literature rarely seeks to distinguish between different types of
asymmetry. The aim of this review is therefore to discuss the
various types of asymmetry, examine how they may be developed through participation in sport, and examine their association with measures of athletic performance.
Types of Asymmetry

Deviations from symmetry for a given characteristic can be
classified into 1 of 3 types as outlined by Van Valen (70).
Illustrations of how these types of asymmetries are distributed are shown in Figure 1A-C. It is important to understand
the distribution of these asymmetries because this highlights
the patterns and likely prevalence of each type of asymmetry
within a population. Directional asymmetry describes a characteristic that consistently develops toward a given side. For
example, the position and mass of internal organs in the
human body are not positioned or distributed symmetrically.
Antisymmetry describes a characteristic that will typically
develop toward a certain side, however, the side to which
this occurs is variable. An example of antisymmetry would
be handedness or limb preference. Directional asymmetries
and antisymmetries are commonly thought to be developmentally controlled and normally adaptive (70). However,
the third type of asymmetry is often associated with negative
or harmful connotations. Fluctuating asymmetry (FA) describes a characteristic that would be expected to develop
symmetrically but deviates from this path (70,72). In the
human body, an example of this could be nostril width or
ear size. It is argued that these FAs are a marker of environmental stress and the evolutionary “health” of an organism
(40,45,72). As noted by Van Valen (70), multiple types of
asymmetry can be present for the same character and need
not be thought of discrete categories. When seeking to
explore potential relationships between asymmetries and
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Figure 1. An example of the distribution curves associated with directional asymmetry (A), antisymmetry (B), and fluctuating asymmetry (C).

performance, it is important to consider the type of asymmetry that has been determined.
Laterality and Limb Dominance

Lateral preference, often termed laterality, describes the
concept that humans will preferentially use one side of their
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body when presented with a motor task to perform (11,60).
However, in regards to sports performance, it is important to
differentiate between laterality (or “skill” dominance) and
force dominance (i.e., the limb demonstrating superior force
qualities in a given task). For example, Lake et al. (35) did not
observe significant asymmetries in the ground reaction force
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profile of the back squat when categorizing limbs based on
perceived handedness (i.e., skill dominance; mean asymmetries between 22.5 and 8.2%) but did observe asymmetry
when categorizing based on ground reaction force
dominance (mean asymmetries between 13.5 and 20.7%;
p , 0.05). This replicates the findings of Newton et al.
(51) who compared force dominance in female softball athletes within a range of strength and power tasks. Significant
asymmetries were not reported in bilateral back squat, bilateral and unilateral vertical jumps, and a 5-hop test when
comparing left and right limbs. However, when comparing
the dominant limb (i.e., the limb with the greater force, jump
height, or hop distance) with the nondominant limb within
each task, significant asymmetries were observed in all instances. Nonetheless, it is important to acknowledge that
although all 14 softball athletes were right-handed throwers,
4 (29%) were left-handed batters. As such, skill dominance
may be considered task specific, and investigations should
therefore clearly state how this has been determined within
their cohort.
Although skill dominance (i.e., handedness) is likely to
influence the direction of force asymmetries (i.e., which arm
or leg is stronger), the way this will manifest is dependent on
sport-specific demands. For example, the right-handed
badminton player would right-leg lunge (34), increasing
the likelihood of a right-leg force dominance. In contrast,
the right-footed Australian Rules Football player would
expose the left leg to repetitive and rapid eccentric loading
(26), increasing the likelihood of a left-leg force dominance.
It is therefore important that investigations seeking to
explore asymmetry clearly define how limbs are categorized
and the athletic background of the experimental cohort.
Sporting Demands and Asymmetry

Motor tasks can be grouped in 4 ways in line with
propositions made by Guiard (25): (Group 1) unilateral
(i.e., long jump take off ), (Group 2) bilateral asymmetric
(i.e., golf swing), (Group 3) out-of-phase bilateral symmetric
(i.e., cycling), and (Group 4) in-phase bilateral symmetric
(i.e., weightlifting). It may also be reasonable to consider
categorizing sports using this system. For instance, soccer
could be classified as a group 2–dominant sport given the
presence of group 2 tasks such as kicking, changing direction, and approach jumping. Although the existence of laterality may be clear in group 1 or group 2 tasks, it is perhaps
less obvious in group 3 and group 4. A wide-ranging review
from Carpes et al. (11) reported notable asymmetries during
running and cycling, both group 3 tasks. When considering
barbell back squat performance, a group 4 task, a number of
investigations have also demonstrated bilateral differences in
cohorts with no apparent sport specialization (22,35).
Group 1 sports such as badminton or fencing require
athletes to perform a high volume of lunges on the skilldominant side. So, while a characteristic, such as quadriceps
muscle mass, may be expected to be symmetric in the
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general population, the asymmetric demands of the sports
will almost certainly result in asymmetric adaptations. In
these instances, the asymmetrical development should not
be thought of as a random FA but a functional adaptation to
allow the athlete to perform within their sport. Equating this
type of “sporting asymmetry” to a marker of developmental
dysfunction (i.e., FA) must therefore be questioned. Indeed,
this review proposes the definition sporting asymmetry as an
additional fourth type of asymmetry that is a function of an
athlete’s long-standing participation in their sport.
Sporting Asymmetry

Such types of sporting asymmetries have been demonstrated
in a wide range of populations. This includes group 1
athletes such as long jumpers (33) and fencers (69), group
2 athletes such as Australian Rules footballers (26) and soccer players (54), group 3 athletes such as sprinters (21) and
endurance runners (59), and group 4 athletes such as weightlifters (36) and powerlifters (41).
The magnitude of a sporting asymmetry developed by an
athlete is likely to depend on the type of sport they play.
Bussey (10) examined pelvic asymmetry (determined from
height and width measurements between pelvic spinous processes) in 40 elite female athletes and 20 active control subjects; unilateral athletes (field hockey, ice hockey, and speed
skating) demonstrated greater pelvic asymmetry than bilateral
athletes (triathlon, cross-country running, and single scull rowing) or control subjects (p = 0.001 and 0.01, respectively). Luk
et al. (41) evaluated asymmetries in force production expressed
during single-leg jumping by the National Collegiate Athletic
Association Division 3 jump athletes and competitive powerlifters; limb symmetry index was greater in jumpers (6.7 6
1.8%) than in powerlifters (2.7 6 0.7%; p = 0.04).
The type of activity an athlete is engaged in, together with
their volume of exposure to the sport, is likely to influence to
magnitude of asymmetry. Hart et al. (27) compared the
lower-body musculoskeletal morphology of experienced
(.3 years; n = 28) and less experienced (#3 years; n = 27)
Australian Rules football players. Experienced players exhibited significantly greater interlimb asymmetries in parameters such as tibial mass and cross-sectional area than
nonexperienced players. Such findings would suggest that
asymmetries are an adaptive consequence that is magnified
with long-standing sporting participation.

FLUCTUATING ASYMMETRIES

AND

PERFORMANCE

Fluctuating asymmetry should describe a characteristic that
would be anticipated to develop symmetrically on both sides
of the body (70,72). Deviations from symmetry are therefore
hypothesized as to reflect “developmental instability,” an
organism’s inability to withstand environmental stressors
without eliciting a morphological response (32). The morphologic presentation of FA is only likely to be small in
magnitude unless deviations occur early in embryonic development (32).
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Negative relationships between FA and performance had
been demonstrated in species such as Equus caballus (racehorses) (46), Canis familiaris (racing dogs) (49), and Sturnus
valgaris (starlings) (64) before associations in humans were
examined. Human investigations have sought to examine FA
using bilateral anthropometric measurements that are
unlikely to be greatly impacted through sporting participation. Examples include as nostril width, second to fifth digit
length, ear size, and wrist width, all characteristics that
would be anticipated to develop symmetrically (47). Table 1
details the key findings from such studies.
A case for potentially deleterious effects of FA on
performance can be made given the findings of a number
of investigations (40,47,67,68), including those in athletic cohorts (40,67). It has been proposed that FA is a marker of
developmental instability caused by environmental stressors
(40,47), which may lead to “abnormalities” in the development of attributes, such as maximal strength or aerobic
capacity (40). However, evidence to the contrary does exist.
Tomkinson and Olds (65) observed no influence of FA on
several physiological fitness measures in untrained individuals. A subsequent investigation from the same research
group (66) also reported that FA did not discriminate
between elite (professional) and subelite (semi-professional)
performers in Australian basketball and soccer players.
Although further research is necessary before clear
relationships between FA and athletic performance may be
concluded, the potential application of such research should
also be considered. As proposed by Manning and Pickup
(47), the highlighting of symmetric individuals could form
part of a talent identification were the efficacy of specific
measurements to be determined. For example, Trivers et al.
(68) observed that FA at 8 years of age predicted 3–4% of
variance in sprint performance 14 years later. Notwithstanding the issues regarding the current balance of evidence to
support this notion, using protocols to preferentially select
individuals and “breed” them for sporting success must be
associated with ethical concerns. It is perhaps pertinent to
draw comparisons between the determination of FA and
genetic testing, for which a clear consensus statement has
been published in the British Journal of Sports Medicine (73).
Currently, research is not unanimously clear that FA is detrimental to performance. The magnitude of any potential
effect is likely to be small, and FA seems not to be substantially influenced by training (67). For this reason, it is advised
that the assessment of FA for talent identification purposes
should not be encouraged.

SPORTING ASYMMETRIES

AND

PERFORMANCE

Studies examining the role of bilateral asymmetries in
sporting performance do not typically consider characteristics that may be well described as FA. Investigations have
typically sought to determine if asymmetries in variables,
such as muscle mass, jump height, maximal force, and the
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like, exhibit relationships with markers of athletic performance, such as jump height or sprint time. This review will
seek to group investigations by the type of performance
outcome evaluated. A summary of the associative studies
evaluated is presented in Table 2.
Jumping Performance

Bailey et al. (1) and Bell et al. (5) present an apparently
strong case for asymmetry negatively impacting performance. Bailey et al. (1) reported that peak force asymmetries
during an isometric midthigh pull (IMTP) test
negatively correlated with jump height and peak power
(r = 0.28–0.52; all p , 0.05). However, the investigation
did not examine asymmetry during the jumping tasks, nor
does it report the relationship between peak IMTP force and
IMTP asymmetry. The presentation of asymmetry has been
previously demonstrated to be task specific (2,42), particularly in weaker athletes (2). Bailey et al. (2) compared the
asymmetries recorded in jumping and IMTP tasks in a cohort
of collegiate athletes. Athletes in the strongest quartile
(grouped on peak IMTP force) demonstrated some degree
of correspondence between the asymmetries recorded in the
different tasks, but athletes in the weakest quartile did not.
It is also important to consider the relationship between
training status and asymmetry. Stronger individuals may be
anticipated to demonstrate less asymmetry (3,4) and would
also be expected to perform better in jumping tasks (63). For
example, Bazyler et al. (4) median split recreationally trained
male subjects into strong and weak groups based on isometric squat peak force. The reported symmetry index of the
strong group (1.9 6 1.1%) was significantly lower than that
of the weak group (3.9 6 1.8%; p = 0.007). Bailey et al. (3)
observed similar findings when analyzing peak IMTP force
in collegiate athletes. The symmetry index of the strongest
decile (4.7 6 0.1%) was also significantly lower than that of
the weakest decile (9.4 6 0.1%; p = 0.03; d = 0.82). Importantly, Bazyler et al. (4) noted that the strength-asymmetry
relationship can be modulated by training. After a 7-week
squat training intervention, both strong and weak groups
improved 1-repetition maximum (RM) squat performance
(strong: 5.0%, weak: 6.6%; both p , 0.05), although only
the weak group reduced isometric squat asymmetry (from
3.9 6 1.8 to 1.9 6 1.5%; p , 0.05). Such findings suggest that
the presentation of asymmetry can be greatly affected by an
athlete’s training status. Where seeking to examine relationships between asymmetry and performance, training status
and exercise familiarity must be considered when selecting
appropriate tests to identify asymmetry.
Bell et al. (5) reported that differences in countermovement jump (CMJ) height were not statistically significant
across different levels of CMJ force or CMJ power asymmetries in collegiate athletes. However, the investigators also
grouped athletes into bands of asymmetry (0–5%, 5–10%,
10–15%, and .15%) for analyses. Bell et al. (5) highlighted
that an asymmetry in CMJ power of .10% power resulted in
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Study
Manning and
Pickup (47)

Participants
50, male, middle-distance
runners;
age: 24.2 6 1.0 y

Asymmetry variables
Ear size ASYM
Nostril width ASYM

Trivers et al. (67)

Findings

Nostril (beta = 26.8; p , 0.05) and ear
(beta = 13.2; p , 0.01) ASYM related to
slower 800-m time
1,500-m personal best Ear (beta = 10.4; p , 0.05) and third digit (beta
time (n = 27)
= 14.0; p , 0.01) ASYM related to slower
1,500-m time
Ear (beta = 20.98) and nostril (beta = 22.41)
Self-reported ranking
ASYM negatively related to ranking (both
(i.e., country,
p , 0.001)
national, international)
Max aerobic capacity
No notable and consistent correlations
CMJ
between ASYM and performance
Grip strength
800-m personal best
time (n = 50)

Level of competition
(elite or subelite)

No difference in ASYM between elite and
subelite

2,000-m rowing
ergometer time trial

ASYM associated with slower performance in
male subjects (r = 0.44; p , 0.001) and
female subjects (r = 0.45; p , 0.001)
ASYM explained 9.5% of variance in male
subjects and 14.2% in female subjects
Knee ASYM in 1996 explained 4% of variance
in 90-m sprint (p # 0.01) and 3% in 180 m
(p = 0.03)
Knee ASYM in 2006 explained 4% of variance
in 90-m sprint (p # 0.01)

163, untrained adults (M: 98 Composite ASYM score from 90-m sprint in 2010
and F: 65); age (2010): 22.6 knee breadth, ankle breath,
and foot length
6 1.8 y
Measures obtained in 1996
180-m sprint in 2010
(age: ;8 y) and repeated in
2006 (mean age: ;18 y)
73, elite, track and field
Composite ASYM score from IAAF score
athletes; age: 23.0 6 3.2 y
knee breadth, ankle breath,
116 age-matched control
and foot length
subjects; age: 23.0 6 3.6 y
Athletic status
(athlete or control)

Composite ASYM explained 5% of variance in
athletes (p = 0.031)
Knee ASYM explained 5% of variance in
athletes (p = 0.040)
Composite ASYM lower in athletes (p , 0.001)

the

Trivers et al. (68)

Outcome variables

Journal of Strength and Conditioning Research

Second–fifth digit length
ASYM
Wrist width ASYM
Composite ASYM scores for
Tomkinson and
46, healthy, young
fat (skinfolds), muscle
Olds (65)
adults (M: 21 and F: 25)
(girth), and bone (lengths
age: 20.3 6 3.0 y
and breadths)
Composite ASYM scores for
Tomkinson et al. (66) 13 elite and 13 subelite,
fat (skinfolds), muscle
male, Australian basketball
(girth), and bone (lengths
players; age, 25.1 6 3.5 y
13 elite and 13 subelite, male, and breadths)
Australian soccer players;
age: 23.4 6 5.1 y
Longman et al. (40) 146 mixed-ability university
Composite ASYM score
rowers (M: 76 and F: 70);
from second to fourth
age: 21.2 6 3.2 y
digit length

TM

*M = male; F = female; ASYM = asymmetry; CMJ = countermovement jump; IAAF = International Association of Athletics Federations.
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TABLE 1. Summary of studies evaluating fluctuating asymmetries and their association with performance measures.*

Asymmetry and Performance
decreased jump height of 0.09 m, reporting this as a key
finding in their article. However, these comparisons are
based upon a group of just 9 athletes exhibiting an asymmetry of .10% in comparison to 158 athletes who recorded
asymmetries of ,10%. It is also important to note that 34
athletes exhibited a CMJ force asymmetry of greater than
10%, and no such between-group comparisons were alluded
to. Interestingly, the authors’ tables indicate that athletes
with a .15% asymmetry for CMJ force (n = 7; 38.8 6 7.9
cm) demonstrated the highest jump heights in this investigation, compared with 36.1 6 8.5 cm in athletes with a 0–5%
force asymmetry (n = 88). Given the small sample sizes and
associative relationships observed, not to mention the potentially contradictory findings, assertions that “restoring
between-limb power asymmetry would have a positive
impact on athletic performance” would appear unfounded.
Considering also the findings of Maloney et al. (44), it would
seem premature to conclude upon a clear relationship
between asymmetry and jumping performance.
Sprinting Performance

Although Sannicandro et al. (57) demonstrated a relationship
between asymmetry and impaired sprinting performance,
Lockie et al. (39) reported to the contrary. More recent investigations have also not supported any association
between
asymmetry
and
sprinting
performance
(20,28,37,38,48). Sannicandro et al. (57) evaluated asymmetry using single-leg jump height and reported a relationship
with 10-m, but not 20-m, sprint performance. However, this
investigation was presented as a poster presentation with
little methodological detail and analysis of the results.
Although cited in subsequent investigations (i.e., Meyers
et al. (48)), the results of this investigation should therefore
be interpreted with caution. When the same asymmetry test
was employed by Lockie et al. (37), no such association was
observed.
Lockie et al. (39) determined interlimb concentric
strength asymmetries of the knee extensors and knee flexors
at angular velocities of 60, 180, and 2408$sec21 and eccentric
strength asymmetries at 308$s21. The investigators reported
that bilateral differences in knee extensor torque at 1808
(r = 0.53–0.58; p , 0.05) and 2408$s21 (r = 0.77–0.90;
p , 0.05) were associated with faster sprint times across
10-, 20- and 40-m distances (i.e., faster athletes demonstrated
greater asymmetry). Strength asymmetries were also determined in a subsequent study from the same research group.
Lockie et al. (38) recorded force, power, and velocity asymmetries in a 5RM, rear-foot, elevated, split squat exercise, but
this time observing no significant relationships between
asymmetries and sprint times.
Asymmetries within sprinting kinetics and kinematics
have been examined in 3 investigations (20,28,48). All 3
studies have reported significant interlimb asymmetries;
however, none have reported an association between
asymmetry and overall sprint performance (20,28,48).
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Although the findings of Meyers et al. (48) were observed
in a cohort of 11- to 16-year-old boys, Exell et al. (20) and
Haugen et al. (28) sampled from populations of well-trained
sprint athletes. Haugen et al. (28) also evaluated the influence of asymmetry on an intraindividual level. Between
sprinters best and worst sprint trials, there were no differences in the magnitude of asymmetries recorded. On consideration of the current evidence base, it would therefore
appear that asymmetries should not be considered detrimental to sprinting performance.
Change of Direction Performance

As change-of-direction (COD) performance is a group 1
unilateral task, it may be reasonable to propose that
asymmetries would be less likely to influence performance
than type 3 or 4 bilateral tasks. Performances in COD tasks
rely on the extension forces generated by single limb, as
opposed to an interlimb “trade-off” that is evident during
bilateral tasks. Indeed, it appears likely that asymmetries
evident during bilateral tasks are a function of neural
(i.e., regulation of interlimb effort) and not mechanical (i.e.,
maximal force production capacity) factors (6,42,61).
As seen in Table 2, the majority of the literature does not
support an association between asymmetry and COD performance (14,16,17,30,37). These investigations have all evaluated COD performance in athletes, where this attribute
would be anticipated to be an important determinant of
sporting performance. The aforementioned study by Lockie
et al. (39) is 1 of the 2 investigations that did report an
association between asymmetry and COD performance. As
the authors observed in regard to linear sprint performance,
asymmetry in high-velocity (2408$s21) knee extensor
torque correlated with faster T-Test times in team-sport athletes (r = 0.57; p = 0.002). Conflicting findings were reported
by Maloney et al. (43) in recreationally trained individuals,
demonstrating that drop jump height asymmetry was linked
to impaired COD performance (R = 0.60; p = 0.009). However, asymmetry within the COD test itself (i.e., faster vs.
slower limb cutting time) was not associated with overall
COD performance. Importantly, Maloney et al. (43) also
noted that the direction of asymmetry during the drop jump
did not correspond well with the direction of asymmetry
during the COD test (i.e., the left limb may perform better
in the drop jump task but perform worse in the COD task).
Poor agreement for COD asymmetries with both hop (17)
and IMTP (16) asymmetries has also been reported, further
highlighting the task specificity of asymmetries. Moreover,
as has been previously discussed, asymmetries could be consequential of a lower general training status and motor competence within a given task. Maloney et al. (43) sampled
individuals with a lower training status in comparison to
the other investigations, and their results should be interpreted with this in mind.
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Study
Jump
performance
Bailey et al. (1)

Bell et al. (5)

Maloney et al. (44)

Sprint performance
Sannicandro et al. (57)

Exell et al. (20)

Asymmetry variables

Outcome variables

Findings

36, male, collegiate
athletes; age: 20.3
6 1.0 y

IMTP peak force ASYM SJ height (0- and 20-kg load) ASYM associated with lower jump height in SJ
(r = 20.52 and 20.39; both p , 0.001)
CMJ height (0 kg and 20 kg ASYM associated with lower jump height in SJ
load)
(r = 20.47 and 20.49; both p , 0.001)
Athletes grouped into 0–5%, 5–10%, 10–
167, mixed-sport, NCAA CMJ peak force ASYM CMJ height
15%, and .15% levels of ASYM
Division 1 athletes (M:
CMJ height not significantly different between
103 and F: 64); age: CMJ peak power ASYM
levels of force (p = 0.37) or power (p = 0.08)
20.0 6 1.2 y
ASYM
10% power ASYM (n = 9) associated with
decreased CMJ height (d = 0.80)
18 recreationally trained SL DJ height ASYM
SL DJ height (mean of both
DJ height not correlated with DJ height ASYM
male subjects; age:
limbs)
(r = 20.35; p = 0.15).
22 6 4 y
SL DJ vertical, ankle, and
DJ height not correlated with vertical
knee stiffness ASYM
(r = 20.08; p = 0.74), ankle (r = 20.28;
p = 0.26), or knee (r = 0.06; p = 0.81)
stiffness ASYM
25, elite, male soccer
players; age: 26.1
6 2.9 y
16, male, team sport
athletes; age: 23.3
6 5.3 y

SL CMJ height ASYM

10-m sprint time
20-m sprint time

Knee extensor torque
10-m sprint time
ASYM at 60, 180, and
2408$s21
20-m sprint time
40-m sprint time
5-m sprint time
10-m sprint time
20-m sprint time
Mean velocity in 60-m sprint

Sprint velocity not correlated with kinetic (p =
0.40) or kinematic (p = 0.19) ASYM scores

TM

(continued on next page)
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Knee flexor torque ASYM
at 60, 180, and
2408$s21
SL CMJ height ASYM
30, male, team sport
SL broad jump distance
athletes; age: 22.6
ASYM
6 3.9 y
SL lateral jump distance
ASYM
8, trained, male sprinters Composite sprint
(max velocity: 9.05
kinetics ASYM score
6 0.37 m$s21); age: Composite sprint
kinematics ASYM
22 6 5 y
score

ASYM associated with slower 10 m time
(r = 0.70; p , 0.001) but not 20-m time
(r = 0.22; p = ns)
Knee extensor torque ASYM at 1808
(r = 0.53–0.58; p , 0.05) and 2408$s21
(r = 0.77–0.90; p , 0.05) associated with
faster sprint times (all distances)
A median-sprint fast group had greater
extensor ASYM at 2408$s21 (11.7 vs. 4.1%;
p = 0.03)
No correlation between any ASYM and
performance at any distance
(r = 20.18–0.08)

the

Lockie et al. (37)

Participants
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Haugen et al. (28)

Lockie et al. (38)

Change of direction
performance
Hoffman et al. (30)

TM

Lockie et al. (39)

Lockie et al. (37)

Chiang (14)

Maloney et al. (43)

344 school-aged boys;
age: 13.2 6 1.4y

Spatiotemporal ASYM in Maximal velocity in 35-m sprint No relationship between the magnitude of
sprint
ASYM in any variable and maximal velocity
Modelled force and
stiffness ASYM in
sprint
Various kinematic
20-m flying sprint time
No correlations between ASYM and
22, male, competitive
ASYMs in stride cycle
performance (r = 20.37–0.40)
sprinters (100-m PB:
No changes in ASYM between sprinters’ best
10.86 6 0.22 s); age:
and worst trials
23 6 3 y
5-m sprint time
No significant correlations between ASYM and
8, strength-trained
Force, power, and
performance (r = 20.81–0.40)
males; age: 23.4
velocity ASYM in 5RM 10-m sprint time
6 1.5 y
rear-foot elevated split 20-m sprint time
squat

62, male, NCAA Division SL CMJ power ASYM
3, American football
players; age: 19.7
6 1.4 y

3-cone drill time (dominant and No correlation between SL CMJ power ASYM
nondominant limbs)
and 3-cone drill time (r = 0.11)
No significant difference between dominant
(8.02 6 0.51 s) and nondominant (7.97
6 0.51 s) sides in 3-cone drill
16, male, team sport
Knee extensor torque
T-Test time
Knee extensor torque ASYM at 2408$s21
athletes; age: 23.3
ASYM at 60, 180, and
(r = 0.57; p = 0.002) associated with faster
6 5.3y
2408$s21
T-Test time
Knee flexor torque ASYM
at 60, 180, and
2408$s21
SL CMJ height ASYM
5-0-5 test time (left and right No relationship between any ASYM and any 530, male, team sport
directions)
0-5 or T-Test performance (r = 20.08 to
athletes; age: 22.6
SL broad jump distance T-Test time (left and right
0.19)
6 3.9 y
ASYM
directions)
SL lateral jump distance
ASYM
IMTP peak force ASYM Modified 5-0-5 test time (left Athletes median split into high ($6%) and low
27, NCAA Division 1,
and right directions)
(#4%) ASYM groups based on IMTP force
soccer players (M: 12
No difference between groups for partial or
and F: 15); age: 21.0
total 5-0-5 time in either direction
6 1.3 y
18, recreationally trained SL DJ height ASYM
2 3 908 cut CODS test time DJ height ASYM 2nd predictor variable in
male subjects
(left and right directions)
regression model for CODS time and
correlated with slower CODS (r = 0.60;
p = 0.009)
Age: 22 6 4 y
SL DJ vertical, ankle, and
CODS test ASYM not correlated with CODS
knee stiffness ASYM
performance (r = 0.38; p = 0.13)
CODS test time ASYM
ASYM in CODS test summated force
correlated with slower CODS (r = 0.47;
p = 0.049)
CODS test force profile
Low correspondence between ASYM reported
ASYM
in the CODS test vs. DJ test
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Meyers et al. (48)

Dos’Santos et al. (16)

Strength performance
Sato and Heise (58)

Bazyler et al. (4)

Bailey et al. (3)

Garcı́a-López et al. (23)

SL hop distance

Modified 5-0-5 test time (left
and right directions)

SL triple hop distance

Single 908 cut test time

20, mixed-sport,
collegiate athletes;
age: 21.0 6 1.9 y

SL IMTP peak force
Modified 5-0-5 test time (left
ASYM
and right directions)
SL impulse (at both 200
and 300 ms) ASYM

28, male, collegiate
athletes; age: 20.3
6 1.1 y

Standing weight
distribution ASYM

1RM back squat relative to
body mass

16, recreationally trained Isometric squat peak
1RM back squat
males; age: 20.8 6
force at 90 and 1208
2.0 y
ASYM
Isometric squat peak force at
90 and 1208
129, mixed-sport, NCAA IMTP peak force ASYM IMTP peak force
Division 1 athletes (M:
64 and F: 65); age:
IMTP RFD ASYM
18–23 y

No significant correlations between hop or
triple hop ASYM and either measure of
CODS performance (r # 0.35)
Low correspondence (32–35%) between
ASYM reported in the CODS test vs. hop
tests
No difference in CODS performance between
“high” vs. “low” ASYM groups
Low correspondence (40–60%) between
ASYM reported in the CODS test vs. IMTP
test
No difference in squat 1RM (p = 0.51) between
median-split equal (1.21 6 0.24 kg$kg21)
and unequal (1.25 6 0.27 kg$kg21) weight
distribution groups
Athletes median-split into strong and weak
groups based on squat 1RM
Peak force ASYM greater in the weak group at
908 (p = 0.045) and 1208 (p = 0.007)
Athletes grouped into top (strong; n = 13) and
bottom weak; n = 13) 10% based on IMTP
force
Peak force (d = 0.82) and RFD (d = 0.90)
ASYM greater in the weak group (both
p , 0.05)

the

Bini and Hume (7)

22, mixed-sport,
collegiate athletes;
age: 21.8 6 3.4y

Journal of Strength and Conditioning Research

Cycling performance
Rannama et al. (53)

16, competitive, male,
road cyclists; age:
20.6 6 3.7 y

Knee extension torque ASYM at 1808$sec21
negatively correlated to power output
(r = 20.50; p , 0.05)
Trunk (r = 20.65) and pelvis (r = 20.63)
kinematic ASYM negatively correlated to
power output (both p , 0.01)
Effective force ASYM (r = 20.72; p = 0.03) but
not total force ASYM (r = 0.01; p = 0.98)
related to improved time trial performance
ASYM small (,2%) and independent of
performance level
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(continued on next page)

| www.nsca.com

Peak isokinetic torque
Power output in 5-s sprint cycle
ASYM of ankle, knee
test
and hip in flexion and
extension (60, 180,
and 2408$s21)
Kinematic ASYM of
ankle, knee, hip, trunk,
and pelvis in cycle test
Effective and total pedal 4-km cycling time trial
10 (male) competitive
force production
cyclists or triathletes;
ASYM in time trial
age: 32 6 10 y
Performance level
Kinetic and kinematic
47 road cyclists of
ASYM in cycle
different performance
ergometry at 200, 250,
levels (UCI Pro-Tour,
and 300 W
UCI Continental,
subelite, under 23 and
club teams) Age: not
reported
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Swimming performance
dos Santos et al. (18)

Morouço et al. (50)
Kicking performance
Hart et al. (26)

15 competitive cyclists
or triathletes (M: 11
and F: 4); age: 37
6 12 y

Total pedal force
production ASYM in
time trial

20-km cycling time trial

18, trained, male
swimmers; age: 21.7
6 5.0 y

Kinetic ASYM in
swimming test

Tethered front crawl swimming Athletes median-split into fast and slow groups
performance (2 min)
based on performance
Peak (p = 0.017) and mean (p = 0.040) force
ASYM lower in fast group
Tethered front crawl swimming No relationship between ASYM and
performance (30-s)
performance

18, trained, young, male Kinetic ASYM in
swimmers; age: 15.6
swimming test
6 2.1 y

Isometric SL squat peak Kicking accuracy (Australian
31, subelite, male
force at 1208 ASYM
Rules football)
Australian Rules
footballers; age: 22.1
6 2.8 y

TM

Vieira et al. (71)

17, elite, male, futsal
players; age: 26.3 6
3.3 y

Isokinetic torque and
power ASYM

Kicking accuracy (futsal)

No relationship between ASYM and time trial
performance (r = 0.01; p = 0.73)

Athletes median split into accurate (n = 15) and
inaccurate (n = 16) groups based on
performance
Force ASYM greater in inaccurate group
(p = 0.002)
Negative correlation between force ASYM and
accuracy (r = 20.52; p value not reported)
No relationship between ASYM and accuracy

*M = male; F = female; ASYM = asymmetry; IMTP = isometric midthigh pull; RFD = rate of force development; SL = single leg; SJ = squat jump; CMJ = countermovement jump; DJ
= drop jump; CODS = change of direction speed; RM = repetition maximum; NCAA, National Collegiate Athletic Association; ns = not significant; pb = personal best; W = watts.
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Bini et al. (8)

Study and intervention
Impellizzeri et al. (31)
7–9 wk of individualized
rehab training
Sannicandro et al. (56)

6-wk UNI balance
training vs. tennis
training CON
Bazyler et al. (4)

Brown et al. (9)
6-wk, UNI, “add-on”
resistance training
intervention performed
on weak leg only

Asymmetry variables

Peak force ASYM in
7, mixed-sport athletes
CMJ
8–12 wk after ACL
reconstruction (M: 5
and F: 2); age: 23 6
2y
23, young, tennis players SL hop distance
ASYM
(M: 15 and F: 8); age:
SL lateral hop
13 6 1 y; UNI: 11,
distance ASYM
CON: 12
4m-SSF CODS test
time ASYM

Outcome variables
Peak force in CMJ (left and
right limbs)

Foran CODS test time
10- and 20-m sprint time

16 recreationally trained
males; age: 20.8 6
2.0 y

Isometric squat peak
force at 90 and
1208 ASYM

1RM back squat

22, elite, young, male,
basketball players;
age: 16.9 6 2.1 y;
UNI: 11, BI: 11

Peak power ASYM
during incremental
SL squat test

BI and UNI squat power

1 male rugby union
athlete; age: 29 y

Horizontal force
ASYM in treadmill
sprint

Isometric squat peak force at
90 and 1208

Intervention outcomes
ASYM reduced from (23 6 3%) to (10 6 4%)
after the intervention (p = 0.02)
Peak force increased by 35% (p = 0.02) in the
injured leg but not changed in the noninjured
leg (6%; p = 0.50)
Only UNI significantly reduced ASYM in SL
hop, lateral hop, and 4m-SSF tests
No change in Foran CODS test or sprint
performance in either group

Athletes median split into strong and weak
groups based on preintervention squat 1RM
Both groups improved 1RM (strong = 5.0%,
weak = 6.6%; p , 0.05)
The weak group reduced ASYM at both 90 and
1208 (p , 0.05), but the strong group did not
Only UNI reduced ASYM (UNI = very likely, BI
= unclear)
Improvements in 1808 CODS (left limb), and SL
squat power likely greater in UNI

CMJ height
V-cut and 1808 (left and right
limbs) CODS test times
5-, 10-, and 25-m sprint time
Horizontal force in the weak leg increased by
Horizontal force (weak and
26% and ASYM was reduced by 19%
strong legs), maximal velocity
and peak power in treadmill Maximal velocity increased by 2% and peak
power by 15%
sprint

*M = male; F = female; UNI = unilateral; BI = bilateral; CON = control; ASYM = asymmetry; SL = single leg; CMJ = countermovement jump; CODS = change of direction speed;
RM = repetition maximum.

the

6-wk UNI vs. BI training
intervention

Participants

Journal of Strength and Conditioning Research

7-wk, BI, dynamic and
isometric squat
training
Gonzalo-Skok et al. (24)
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TABLE 3. Summary of training interventions evaluating sporting asymmetries and their association with performance measures.*

Asymmetry and Performance
Strength Performance

The types of strength performances evaluated in the extant
literature have all been type 4 tasks, which may be expect to
carry the highest prerequisite level of symmetry. Sato and
Heise (58) observed no effect of weight distribution asymmetry (determined during quiet standing) on maximal squat
performance. However, Bailey et al. (2) have since reported
that weight distribution asymmetry may not correspond well
with measures determined during tasks, such as squatting.
Subsequent investigations from the same research group
have determined force asymmetries during bilateral tasks
and do report a negative association between asymmetry
and maximal strength performance (3,4). It has not yet been
established if asymmetries determined during unilateral tasks
may be related to bilateral strength performance.
Cycling Performance

The presence of kinetic asymmetries within cycling has
reported for several decades (13,15,19,29). Investigations had
previously reported that an increase in cadence workload is
associated with a reduction in the presentation of asymmetry
(12,55,62). However, examination of the relationship
between asymmetry and performance has only recently been
examined.
Given the apparently symmetrical action of cycling, a type
3 task, it is perhaps unexpected that Bini and Hume (7)
observed a significant positive relationship between asymmetries in effective pedaling force and 4-km time trial performance (i.e., larger asymmetries were associated with
faster times). However, Bini and Hume (7) reported no
relationship for total pedaling force, a finding subsequently

replicated (8). The findings of Garcı́a-López et al. (23) also
question the existence of an association between asymmetry
and performance. Kinetic or kinematic asymmetries determined during cycling did not differ between elite and subelite cyclists.
Rannama et al. (53) have reported that asymmetry may
negatively influence performance. The investigators determined peak isokinetic torque asymmetries and examined
their relationship with power output during a 5-second maximal cycle test. It was reported that asymmetries of the knee
extensors at 1808$s21 negatively correlated with power output, but correlations were not observed for other joints or at
slower or faster velocities. Rannama et al. (53) also detected
negative relationships between kinematic asymmetries
(determined during cycling) of the trunk and the pelvis with
power output but not for the ankle, knee, and hip—the joints
responsible for force production during cycling.
Other Performance Tasks

Two studies have examined asymmetries during front crawl
swimming and their association with swimming performance, yielding conflicting results. dos Santos et al. (18)
suggested a deleterious effect of kinetic asymmetry on performance over a 2-minute duration, whereas Morouço et al.
(50) did not report such an effect over a 30-second duration.
Whether this discrepancy could be related to the duration of
the performance or the ages of the cohorts evaluated (age:
;22 vs. ;16 years) could be further explored.
Similar disparate findings have been reported for kicking
performance. Hart et al. (26) reported a negative effect of isometric strength asymmetry on kicking accuracy in Australian
Rules football. When evaluating
isokinetic torque asymmetry
and kicking accuracy in futsal,
Vieira et al. (71) did not observe
an association. Once more, the
lack of consistency between
asymmetry measures and cohorts evaluate makes it hard to
draw any conclusions.

TRAINING, ASYMMETRY
AND PERFORMANCE

Figure 2. A theoretical illustration of the greater window for adaptation in the deficient limb.
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Although associative studies
(Table 2) may provide indications as to the potential influence of asymmetries on
performance, it is important to
consider how changes in asymmetries relate to change in performance. Table 3 outlines the
studies that have examined the
influence of training interventions on asymmetries and performance outcomes.
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The findings of Bazyler et al. (4) suggest that bilateral
training demonstrates the potential to reduce asymmetry.
Nonetheless, it would seem that unilateral training interventions may be preferential to bilateral interventions if seeking
to reduce asymmetry (24,56). However, although GonzaloSkok et al. (24) reported that unilateral training was associated with better COD performance, Sannicandro et al. (56)
reported otherwise. The case study detailed by Brown et al.
(9) supports the notion that targeted unilateral training can
reduce asymmetry and improve sprint performance,
although have no control to gauge this against.
Bazyler et al. (4) noted that both strong and weak athletes improved squat performance, but only observed
a reduction in asymmetry for weak athletes. The authors
concluded performance improvements in weak athletes
(and those exhibiting preintervention asymmetry) may be
associated with concomitant decreases in asymmetry. Similarly, Impellizzeri et al. (31) reported improvements in
force output of the weak limb, but not the strong limb,
but did so in a recently injured cohort, and conclusions
need to be interpreted with this in mind.
Although clear inferences cannot be drawn given the
current body of literature, there is some evidence to
suggest that athletes demonstrating preintervention asymmetry may experience concomitant increases in performance and reduction in asymmetry. At this stage, it is not
possible to determine if the effect of reducing asymmetry
on performance is independent of the general improvements in neuromuscular capacity.
Development Windows and Diminishing Returns

A bilateral sporting asymmetry indicates the existence of
a unilateral deficiency. For example, the left leg can achieve
a jump height of 0.30 m during a single-leg CMJ, but the right
leg can only achieve 0.24 m. This scenario suggests that the
weaker limb is underdeveloped (Figure 2). In training, the principle of diminishing returns describes the notion that the potential for positive adaptations to occur will decrease as the system
becomes more positively adapted (52). Thus, the overall stress
applied to the system will need to increase for adaptation to
continue to occur. This review has previously established that,
in sport, the force dominant side will experience more stress
than the nondominant side. Over a period of months, years,
and decades, this will lead to the accumulation of a greater
overall “training volume” for the dominant side and, in line
with the principle of diminishing returns, a gradual narrowing
of the potential for subsequent adaptation to occur (Figure 2).
Therefore, in relative terms, the potential for adaptation should
be wider in the nondominant side and could be identified as
a window for development. With this approach in mind, the
training program would merely be seeking to pick the lowhanging fruit rather than be directly “targeting” the reduction
of asymmetry. Such a viewpoint could explain the findings
observed within some of the training interventions, which have
been discussed (4,9,24).
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CONCLUSIONS
A clear link between asymmetry and athletic performance
cannot be currently determined given the lack of consistency
between investigations. Fluctuating asymmetries such as
nostril width or ear size have been used as surrogate markers
of developmental stability. There is evidence associating FAs
with impaired performance; however, these types of asymmetry have not been evaluated with the same prolificacy as
“sporting” asymmetries. Sporting asymmetries, such as force
output or jump height, are likely to be a function of limb
dominance and magnified by an athletes’ long-standing participation within his or her sport. Sporting asymmetries do not
seem to carry a clear influence on athletic performance measures given the current balance of the available literature.
Research to date has not has only marginally addressed how
specific sporting backgrounds may modulate any relationships
between sporting asymmetry and performance. For example,
the potential for the influence of sporting asymmetry on performance to differ between bilateral- and unilateral-dominant
athletes has not been explored. Recent investigations have
demonstrated that training interventions can reduce sporting
asymmetries and improve performance. However, these studies have not sought to evaluate the extent to which the reduction in asymmetry may be associated with the improvement in
performance. There is a clear need for randomized controlled
trials that seek to differentiate between training-induced improvements in outcome variables (i.e., max force, jump height,
etc) and the direct reduction in sporting asymmetries.

PRACTICAL APPLICATIONS
Asymmetry has been widely asserted as detrimental to
athletic performance, but this proposition is not strongly
supported by scientific evidence and the type of asymmetry is
often not defined. Fluctuating asymmetries are thought to
indicate the developmental stability of an organism and may
be negatively associated with performance. Nonetheless, the
application of FA testing within strength and conditioning
would be unlikely to influence practice. Many “sporting”
asymmetries are a consequence of limb dominance and are
magnified by sporting participation. Reported findings to date
have failed to demonstrate a clear influence of sporting asymmetries on performance. Accordingly, testing for the existence
of asymmetries, fluctuating or sporting, for potential intervention planning may not be beneficial. Training interventions
can reduce sporting asymmetries and improve performance,
although it is yet to be determined if such changes are related
or independent of one another. It is perhaps best for the
practitioner to view sporting asymmetries in the light of
“development windows” that can be targeted for attaining
more general neuromuscular improvements.
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