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ORIGINAL RESEARCH

WITHIN-SESSION RELIABILITY FOR INTER-LIMB
ASYMMETRIES IN ANKLE DORSIFLEXION RANGE
OF MOTION MEASURED DURING THE WEIGHT-
BEARING LUNGE TEST

Louis P. Howe'*?
Theodoros M. Bampouras?®
Jamie S. North*
Mark Waldron®®

[JSPT

ABSTRACT

Background: The identification of asymmetrical inter-limb ankle dorsiflexion range of motion (DF ROM) has the potential
to influence the course of treatment during the rehabilitation process, with limitations in ankle DF ROM potentially increas-
ing injury risk. However, reliability for methods to identify ankle DF ROM asymmetries remain under described in the
literature.

Purpose: To determine the reliability of the trigonometric calculation method for measuring ankle DF ROM during the
weight-bearing lunge test (WBLT) for both a single limb and the symmetry values. The secondary purpose was to establish
values of ankle DF ROM asymmetry and identify the influence of leg dominance on ankle DF ROM.

Study Design: Cross-sectional study.

Methods: Ankle DF ROM was measured bilaterally in 50 healthy and recreationally active participants (28 men, 22 women,
age = 22 + 4 years, height = 172.8 + 10.8 cm, body mass 71.5 + 15.1 kg), using the trigonometric measurement method
during the WBLT. Each ankle was measured twice in a single testing session to establish within-session reliability.

Results: Values are presented for asymmetries in DF ROM. No differences were identified between the dominant and non-
dominant limb (p = 0.862). Within-session reliability for measuring a single limb was classified as ‘good’ (ICC = 0.98) with
a minimal detectable change value of 1.7°. For measuring ankle DF ROM asymmetry, reliability was established as ‘good’
(ICC = 0.85) and a minimal detectable change value of 2.1° was determined.

Conclusions: Although symmetry in ankle DF ROM may not be assumed, the magnitude of asymmetry may be less than
previously reported in a population of recreationally active individuals. Discrepancies between previous research and the
findings of the present study may have been impacted by differences in measurement methods. Furthermore, clinicians
should be aware that the error associated with measures of asymmetry for ankle DF ROM during the WBLT is greater than
that of a single limb.

Level of Evidence: 2b
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INTRODUCTION

During many athletic activities, ankle dorsiflexion
range of motion (DF ROM) is required for the effi-
cient dissipation of ground reaction forces.!?> Limited
ankle DF ROM has been reported to affect lower-
limb force profiles within athletic activities, as ankle
DF ROM restriction has been shown to correlate
with greater peak vertical ground reaction forces
during landings.* As a result, athletes with limited
ankle DF ROM may exhibit movement strategies
with gross technical errors during bilateral** and
unilateral®*® squatting and landing tasks, as well as
during gait.® Reduced weight-bearing ankle DF ROM
has been identified as being a modifiable risk fac-
tor for many lower limb injuries, with weight-bear-
ing ankle DF ROM of 34° being associated with 2.5
times greater injury risk in military recruits.” Proxi-
mally, a limitation in weight-bearing ankle DF ROM
has been shown to present as a risk factor for ham-
string strains in Australian football athletes (relative
risk = 2.32).% Furthermore, elite junior basketball
players with weight-bearing ankle DF ROM values
<36.5° possess a 18.5% to 29.4% risk of develop-
ing patella tendinopathy within a year.? This risk is
significantly greater than the 1.8% to 2.1% for play-
ers with >36.5° ankle DF ROM.® Therefore, restric-
tions in weight-bearing ankle DF ROM may increase
injury risk through the development of mechanical
compensations during athletic activities.

Restrictions in ankle DF ROM may result from injury
to the rearfoot complex and have been identified.!
Furthermore, changes in ankle DF ROM have been
suggested to occur in response to the functional
demands placed on the ankle complex.!! As such,
athletes with a history of lower-leg injury or those
exposed to asymmetrical loading might have an
inter-limb asymmetry in ankle DF ROM. Although
current literature does not provide a clear under-
standing of the influence inter-limb asymmetries
may have on an athlete’s performance,'? asymme-
tries in ankle DF ROM have been positively corre-
lated with performance deficits during change of
direction tests."

However, research investigating normative values
for weight-bearing ankle DF ROM has provided con-
flicting evidence regarding the extent of asymme-
tries." '*16 Cosby and Hertel' showed only a 0.8°

difference in weight-bearing ankle DF ROM using
a lunge test. Similarly, Konor et al'® found no dif-
ference between left and right sides during the
weight-bearing lunge test (WBLT) in healthy adults.
However, normative data from Hoch and McKeon'®
demonstrated inter-limb asymmetries for ankle DF
ROM in healthy participants frequently reached 1.5
cm when measuring toe-to-wall distance. Further-
more, Rabin et al identified ankle DF ROM for the
non-dominant leg exceeding the dominant leg DF
ROM by 10° in 23% of male military recruits.

Better delineation of relative ankle DF ROM sym-
metry as measured in a weight-bearing position has
several potential clinical and research purposes.
Clinically, this information could be used to inform
the course of treatment during the rehabilitation pro-
cess or while prescribing interventions to increase
ankle DF ROM. Furthermore, it is common practice
to perform bilateral comparisons when assessing
deficits in DF ROM, which might lead to diagnos-
tic errors if symmetry is assumed. Without prior
assessment and knowledge of normative DF ROM
asymmetries, the rehabilitation program for an ath-
lete with a similar asymmetry could be misjudged
through a lack of consideration for the functional
demands placed on the ankle joint.

In order to identify asymmetries in ankle DF ROM
that are relevant to functional activities, it has been
suggested that using an active weight-bearing assess-
ment provides the most valid representation of
ankle DF ROM capacity during dynamic tasks such
as squatting and landing.*'” As such, the WBLT has
been the subject of many recent investigations.'®!!9
However, a number of different measurement meth-
ods can be used to quantify ankle DF ROM during
the WBLT, including measuring tibial angle with
either a standard goniometer or inclinometer,'®'?
Achilles tendon angle with an inclinometer,'® or the
distance of the great toe from the wall using a tape
measure.'®? In an attempt to establish the most reli-
able method to measure ankle DF ROM during the
WBLT, Langarika-Rocafort et al'® compared five com-
monly used techniques; heel-wall distance, toe-wall
distance, tibia angle, Achilles tendon angle and a
trigonometric angle derived from heel-wall distance
and ground-knee distance. The trigonometric mea-
surement method was found to have the highest
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between-session intra-rater reliability (ICC = 0.95,
SEM = 1.18") compared to measurements of tibial
angle (ICC = 0.87, SEM = 2.17") and Achilles angle
(ICC = 0.87, SEM = 2.28")."® As a result, the trigo-
nometric calculation method may be a more reliable
method for the clinician to use to establish ankle DF
ROM during the WBLT.

While the between-session intra-rater reliability of
the trigonometric method has been established, the
within-session intra-rater reliability has yet to be
determined. Furthermore, the extent of inter-limb
asymmetries in a young, healthy, and active cohort
has yet to be established. The aims of this study,
therefore, were: i) to determine the within-session,
intra-rater reliability of measuring ankle DF ROM
using the trigonometric calculation method during
the WBLT in healthy and recreationally active par-
ticipants for both a single limb and the symmetry
values measured, ii) to establish values of ankle DF
ROM asymmetry and iii) identify the influence of
leg dominance on ankle DF ROM.

METHODS

Study design

Participants reported to the laboratory for a single
testing session. Testing was conducted by the lead
investigator who had 10 years’ experience measuring
ankle DF ROM during the WBLT and is an accredited
member of the British Association of Sport Reha-
bilitators and Trainers. Prior to data collection, all
participants completed a pre-exercise questionnaire
and provided written informed consent. Following
the recording of height and body mass, participants
reported their dominant leg, defined as their pre-
ferred leg for kicking a ball. Ankle DF ROM for both
legs was then measured using the WBLT with no
prior warm-up using a randomized counterbalanced
design. Following a 10-minute rest, participants
were re-tested in order to determine within-session
reliability of the WBLT using the trigonometric cal-
culation method.

Participants

Using the findings of Rabin et al" for inter-limb
asymmetries for ankle DF ROM between the domi-
nant and non-dominant limb (effect size = 0.83), a
representative analysis was performed to determine

the appropriate sample size to utilized. Calculations
indicated that to achieve 80% statistical power, a
minimum of 39 participants were required to detect
inter-limb asymmetries. A total of 50 participants
volunteered for the study (28 men, 22 women, age =
22 + 4 years, height = 172.8 + 10.8 cm, body mass
71.5 + 15.1 kg). All participants self-reported to be
physically active, defined as regularly performing at
least 30 min of moderate intensity physical activity
three times per week for at least six months prior
to testing.® Participants were excluded if they had a
history of a lower-extremity surgical procedure or
injury to the lower-extremity in the six-months prior
to testing. Ethical approval was provided by the lead
authors institution’s Research Ethics Panel.

Procedures

In order to measure the heel-wall distance, a 70 cm
tape measure was fixed to the floor, perpendicular to
the wall used for testing. Measurements of ground-
knee distance were obtained with a 70 cm tape mea-
sure fixed vertically to the wall and perpendicular to
the tape measure on the ground. A longitudinal line
was marked down on each of the scales for testing
purposes. Prior to performing the test, participants
were provided with a demonstration and standard-
ized instructions. Participants then completed three
familiarization trials for each leg before performing
three trials on each limb, with the mean value from
the three attempts from each foot being used for
data analysis.

To ensure neither the participant nor investiga-
tor could target a specific outcome on subsequent
attempts, no markings were made on the tape mea-
sure that would indicate the previous attempt. Fol-
lowing a 10-minute break participants were retested
using the same procedures on both legs in order to
establish within-session reliability. The results were
recorded on a separate sheet in order to blind the
investigator from previous distances and participants
were not informed of their previous scores. For all
participants, leg order was randomized for both trial
1 and 2. Ankle DF ROM symmetry was calculated
in degrees as the absolute difference between the
means of the right and left legs. Figure 1 provides an
illustration of testing procedures and measurements
used for the trigonometric calculation.
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Figure 1. Participant performing the weight-bearing lunge
test with example calculation. GK = ground-knee distance;
HW = heel-wall distance; TA = trigonometric angle.

Participants began the test by facing a bare wall,
with the great toe of the test leg positioned against
the wall. The great toe and the center of the heel
were aligned using the marked line on the ground.
Participants were instructed to place the non-test
foot behind them, with the heel raised and at a dis-
tance that they felt helped maximize their perfor-
mance on the test. This position was established
during familiarization. In order to maintain balance,
participants were asked to keep both hands firmly
against the wall throughout. The participants were
then instructed to slowly lunge forward by simul-
taneously flexing at the ankle, knee and hip on the
test leg in an attempt to make contact between the
centre of the patella and the vertical marked line
on the wall. No attempt was made to control trunk
alignment. Subtalar joint position was controlled by
keeping the test foot in the standardized position
and ensuring the patella contact with the vertical
line was accurate.'®

The aim of the test was for the participant to get
their heel as far away as possible from the wall, while
making contact between the patella and the wall and
maintaining firm pressure between the heel and the
ground. Throughout the test, the investigator was
positioned behind the participant in a low crouched
position in order to visually monitor heel-lift. Heel
lift was defined as the visual lifting of the calcaneus,
resulting in a greater ground surface area observed
under the rearfoot. Any elevation of the heel during
the test was regarded as a failed attempt and feed-
back was provided to the participants regarding their
inability to prevent the heel from rising.

Upon successful completion of an attempt, where
contact between the patella and the wall was made
with no change in heel position relative to the
ground, participants were instructed to move the test
foot further away from the wall by approximately 0.5
cm. No restrictions were placed on the number of
attempts made by a participant. At the last success-
ful attempt, the distances between the heel and the
wall, and the distance between the anterosuperior
edge of the patella and the ground were recorded
to the nearest 0.1 cm. Ankle dorsiflexion angle for
each attempt was calculated with the heel-wall and
ground-knee distances, using the trigonometric
function outlined by Langarika-Rocafort et al'® (DF
ROM = 90- arctan[ground-knee/heel-wall]).

Statistical Analysis

The assumption of normality for data sets was
checked using the Shapiro-Wilk test, with normative
data for the inter-limb mean difference for ankle
DF ROM graphically presented using a frequency-
distribution histogram. An independent t-test were
performed to establish the difference between the
dominant and non-dominant for ankle DF ROM dur-
ing the WBLT. Effect sizes were calculated for each
comparison, with 0.2 being considered small, 0.5
moderate and 0.8 or greater large.”!

The within-session intra-rater reliability for single
limb measurements of ankle DF ROM and ankle DF
ROM symmetry was initially assessed using a paired
samples t-test to calculate systematic bias between
trial 1 and 2.?* Relative reliability was determined
using intra-class correlation coefficient (ICC) calcu-
lated as suggested by Hopkins? and reported with
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95% confidence intervals, with ICCs interpreted
as follows: 0.00-0.25 poor, 0.26-0.50 fair, 0.51-0.75
moderate, and 0.76-1.00 good reliability.** Absolute
reliability was calculated using the coefficient of
variation (CV; SD / mean *100), the 95% limits of
agreement, standard error of measurement (SEM;
SDV1-ICC)*? and minimal detectable change (MDC;
SEM*1.96*\/2).25 All statistical tests were performed
using SPSS” statistical software package (v.24; SPSS
Inc., Chicago, IL, USA), with the a-priori level of sig-
nificance set at p < 0.05. ICC and CV% were calcu-
lated using a customized spreadsheet.?

RESULTS

The mean difference for ankle DF ROM was 2.3° +
2.0°. Forty-one participants (82%) reported their
dominant leg to be their right, with the remaining
nine participants (18%) reporting their left leg as
dominant. WBLT values are summarized in Table 1.
Mean WBLT values for the dominant and non-domi-
nant limb were 36.5 + 4.5" and 36.5 + 4.3 °, respec-
tively. No statistically significant difference was
identified between the dominant and non-dominant
limb.

The within-session reliability of the WBLT is sum-
marized in Table 2. There were no systematic biases
for the WBLT using the trigonometric calculation
method between trials for either ankle DF ROM or
ankle DF ROM symmetry (p > 0.05). The relative

reliability was established as ‘good’ for within-ses-
sion reliability for a single measure (ICC = 0.98) and
inter-limb asymmetries in ankle DF ROM (ICC =
0.85). All values representing relative and absolute
reliability are reported in Table 2.

DISCUSSION

The aim of this study was to determine the reliability
of the trigonometric calculation method for measur-
ing ankle DF ROM during the WBLT for both a single
limb and the symmetry values measured. Further-
more, this study attempted to establish values for
the inter-limb asymmetries of ankle DF ROM among
healthy recreationally active individuals. Of all par-
ticipants, 44% presented asymmetries in ankle DF
ROM exceeding the MDC of 2.1° found in this inves-
tigation (Table 2), with 8% of participants demon-
strating an inter-limb asymmetry greater than 5°,
with the largest asymmetry being 8.8°. Therefore,
with 44% of the sample having asymmetry values
greater than the MDC, the current findings sug-
gest that the clinician should not assume symmetry
without conducting thorough assessments.

These data support the findings of Hoch and
McKeon' and Rabin et al," by identifying the exis-
tence of inter-limb asymmetries in ankle DF ROM
during the WBLT in healthy populations. Using
the toe-wall distance during the WBLT, Hoch and
McKeon et al'® reported that 68% of participants

Table 1. Asymmetry within the weight bearing lunge test for dominant-to-non-dominant limb

comparison (n=>50).

Ankle dorsiflexion

Range of motion, ° (Mean + SD)

Difference, ° (95% Confidence Effect size

Interval)

Dominant side 36.5+4.5

Nondominant side 36.5+4.3

-0.08 (-0.95, 0.80) 0.02

2 Significant difference (p < .05).

Table 2. Within-session intra-rater reliability for the weight-bearing lunge test using the trigonometric

measurement method for testing ankle dorsiflexion range of motion for a single limb and ankle dorsiflexion

range of motion symmetry (n=_50).

Reliability measure Change in ICC (95% 95% Limits of CV % (95% Standard error Minimal
mean (°) confidence agreement (°) confidence of measurement detectable change
interval) interval) ) )
Ankle DF ROM -0.10 0.98 (0.97, 0.99) 01+1.8 1.70 (1.50, 2.00) 0.6 1.7
Ankle DF ROM symmetry -0.03 0.85(0.73,0.92) 0.1+22 91.4 (69.4, 135.0) 0.8 2.1
DF ROM = dorsiflexion range of motion; ICC = intra-class correlation coefficient; CV % = coefficient of variation.
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exhibited an asymmetry of 1.5 cm or less, with some
participants approaching asymmetries of approxi-
mately 3 cm. Using the conversion calculation
suggested by Konor et al'*where 1 cm in toe-wall dis-
tance corresponds with approximately 3.6° of ankle
DF ROM, 32% of the sample in Hoch and McKeon"”
would have demonstrated ankle DF ROM asymme-
tries of > 5.4°, with some participants approaching
asymmetries of 10.8°. This is similar to that of Rabin
et al," where 64 healthy male military recruits pos-
sessed a bilateral mean difference of 5.8° in favour
of the non-dominant leg during the WBLT and 23 %
of participants presented with asymmetries >10°.

Although the findings from the present study support
the notion that bilateral differences are present in
healthy populations, these data indicate that the mag-
nitude of inter-limb asymmetry for ankle DF ROM is
likely less than previously reported. These findings
identify a much smaller mean asymmetry in com-
parison to previous investigations,"'> with 56% of
the population possessing inter-limb asymmetries on
the WBLT of less than the MDC of 2.1°. This resulted
in rightward skew of the data (Figure 2), indicating
that a large portion of the sample presented with a
negligible asymmetry in ankle DF ROM, relative to
the MDC. Furthermore, none of the participants who
volunteered for the present study exceeded an asym-
metry of 10°, with the greatest asymmetry recorded
being 8.8° between limbs.

One possible reason for not observing a similar
magnitude in asymmetry may be the measure-
ment method of ankle dorsiflexion angle. Both

Frequency

Inter-fimb mean difference,”

Figure 2. Frequency-distribution histogram for inter-limb
mean difference with the weight-bearing lunge test (n=350).

measurement methods adopted by Hoch and
McKeon" and Rabin et al" used to record ankle DF
ROM during the WBLT have been identified to pos-
sess a greater MDC for a single limb than the 1.7°
found in the present investigation (Table 2).'® As the
MDC represents the boundaries of measurement
error,” it is possible that the testing procedures used
by both investigations may have contributed to the
level of inter-limb asymmetry observed. For exam-
ple, the MDC for the measurement method used by
Rabin et al" has been reported to be 6.0° for test-
ing a single limb.'® Although it is unclear why the
trigonometric calculation method provides greater
reliability than other measurements of ankle DF
ROM during the WBLT,*® it may be that measuring
distances produces superior repeatability than mea-
surements of angles. This suggestion is supported
by Langarika-Rocafort et al,'®* where ICC values for
all distances associated with the trigonometric cal-
culation method were much higher (ranging 0.95 -
0.96) than measuring tibia (0.87) and Achilles angle
(0.87) during the WBLT.

To the authors’ knowledge, no previous investiga-
tion has established the within-session intra-rater
reliability for measuring asymmetries in ankle DF
ROM during the WBLT. These findings indicate that
the error in measurement for inter-limb differences
in ankle DF ROM (MDC = 2.17) is greater than the
error associated with testing a single limb (MDC =
1.77). Measurements of tibia angle for single limb
ankle DF ROM during the WBLT have previously
been shown to possess MDC values >6.0".'% As the
present investigation showed greater error associ-
ated with measures of inter-limb asymmetries in
ankle DF ROM, the mean inter-limb difference of
5.8" in ankle DF ROM (measured as tibia angle)
reported by Rabin et al' may represent error in the
measurement technique that is compounded by
testing both limbs. Although other investigations
have reported intra-rater MDC values as low as 3.2°
when measuring tibia angle for a single limb,' none
have established the reliability for measuring asym-
metry. Therefore, it remains possible that the differ-
ence between the findings of Rabin et al" and that
of the present study is due to measurement error
associated with the techniques employed to estab-
lish inter-limb differences in ankle DF ROM.
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No systematic bias was found in data between trials
using the within-session design. This demonstrates
that the procedures were well-controlled during
testing. As a result, learning effects, acute changes
caused by the previous trials (e.g. fatigue or warm-
ing up of relevant tissues) and participant bias were
not confounding factors during testing.?® This is an
important consideration for clinicians when admin-
istering the WBLT in practice in order to establish
real measurements in ankle DF ROM, with poor
control of conditions negatively impacting the clini-
cian’s ability to interpret data.

Within the present study, the MDC for a single limb
measurement for ankle DF ROM during the WBLT
was identified as 1.7°, with a SEM of 0.6° (Table 2).
These values for reliability are lower than reported
for alternative measurement methods of ankle DF
ROM during the WBLT, with MDC and SEM values
ranging between 3.1 to 6.4° and 1" to 2.4°, respec-
tively.'? Although all reported methods for mea-
suring ankle DF ROM during the WBLT have been
identified as having ‘good’ reliability (ICC >0.7),"
Langarika-Rocafort et al'® demonstrated that the
trigonometric calculation method used in the pres-
ent study possessed the highest intra-rater reliabil-
ity and smaller MDC value in comparison to four
other measurement methods. Based on the results
presented here and those reported by Langarika-
Rocafort et al,'? it is suggested that the trigonometric
calculation method should be used when measuring
ankle DF ROM asymmetries, as it appears to be a
more sensitive measure. Practically, the trigonomet-
ric calculation method does not require specialized
equipment, is time efficient, and utilizes a simple
method for calculating ankle DF ROM.!® Regardless,
clinicians and practitioners should be aware of the
different results based on the method used, so as to
avoid erroneous conclusions when comparing their
patients’ or clients’ results to the literature.

Despite the present study using the same measure-
ment technique as Langarika-Rocafort et al,'® bet-
ter reliability is reported. It is speculated that one
potential reason may be due to the administration
of the WBLT. In order to identify peak ankle dorsi-
flexion angle during the WBLT, Langarika-Rocafort
et al'® relied upon participants informing the investi-
gator of when they had reached maximum distance

from the wall prior to measurement. In contrast, in
the present investigation, measurement was taken
at the last successful attempt, which was defined
as the furthest distance away from the wall where
they could make contact between the patella and
the wall and prior to the point of heel lift. These two
approaches are markedly different and are likely
to produce different results. Heel lift was carefully
monitored by the investigator and defined as the
visual lifting of the heel, where a greater surface
area of the ground could be seen under the rearfoot.
It is proposed that this is an important distinction,
as it is questionable that participants can identify
at what point ankle DF ROM has terminated and
compensatory strategies will be adopted, thus influ-
encing the outcome measurement through a lack of
standardization. This is especially problematic dur-
ing the WBLT, as participants are unable to observe
ankle motion on the test leg and the accuracy of
identifying movement strategy, primarily through
the sensorimotor system varies by task.?”

Leg dominance has previously been shown to possess
a relationship with inter-limb asymmetry in ankle
DF ROM, with greater ankle DF ROM observed in the
non-dominant limb."! However, the results of present
investigation did not identify a difference in ankle
DF ROM during the WBLT between the dominant
and non-dominant leg. Although it remains unclear
why the present study did not see a similar finding, a
few possibilities exist. Firstly, Rabin et al' proposed
that asymmetries in ankle DF ROM between the
dominant and non-dominant leg may exist due to
the mechanical loading placed on the ankle complex
during habitual activities. This is based on a rationale
that the ankle joint complex adapts to the demands
imposed upon it, with the non-dominant leg being
subjected to larger requirements for balance and sta-
bility, resulting in greater joint ROM." As all partici-
pants in Rabin et al" were military recruits, it may
be that specific physical activities undertaken by the
participants in preparation for basic military training
resulted in the ankle DF ROM asymmetries identi-
fied between the dominant and non-dominant leg,
as opposed to the present study sample who were
physically active but not military trained.

Another possible explanation for the lack of agree-
ment may be due to difference in procedures when
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conducting the WBLT. Unlike the present study
that used the trigonometric calculation method for
recording ankle dorsiflexion ROM, Rabin et al'* used
an inclinometer placed on the tibia, 15 cm below the
tibial tuberosity. As previously discussed, intra-rater
reliability for this method has been reported to be
inferior to the trigonometric calculation method.'®
As an analysis of intra-rater reliability was not con-
ducted as part of Rabin et al" design, it is possible
that the procedures used may have contributed to
the contrast in findings.

Whether the asymmetry in ankle DF ROM observed
in this investigation is clinically meaningful is
at present unknown. Limitations in ankle DF
ROM have been linked to greater peak forces? and
increased knee abduction moments* during landing
activities and these suboptimal movement strategies
are associated with ACL injuries.?® Large asymme-
tries in ankle DF ROM may, therefore, present as
a modifiable variable for reducing risk factors asso-
ciated with lower extremity injury during dynamic
activities.

Asymmetry in ankle DF ROM has been shown to
impact change of direction performance. Gonzalo-
Skok et al"® found a negative relationship between
ankle DF ROM asymmetry during the WBLT and
180° change of direction test in elite youth male
basketball players. As weight-bearing peak dorsiflex-
ion angle can approach approximately 50° during
change of direction tasks,® it is likely that limita-
tions in ankle DF ROM have the potential to alter
movement patterns during such athletic activities.
This may result in asymmetries in ankle DF ROM
contributing to suboptimal movement strategies to
be utilized on the limited side, leading to reduced
performance in athletic tasks. Unfortunately, Gon-
zalo-Skok et al'® did not report values for inter-limb
asymmetries and, therefore, it is unclear if the
asymmetries found in the present study have the
potential to negatively impact performance. More
research is required to establish a threshold for
when an asymmetry may present as a risk factor for
the development of injury or a cause towards subop-
timal performance.

The results from this investigation indicate that
ankle DF ROM symmetry should not be assumed by

the clinician. The assumption of symmetry in ankle
DF ROM during the rehabilitation of an athlete would
be inappropriate for restoring function. Instead, it
may be more reasonable to identify whether the
athlete possesses sufficient ankle DF ROM to cope
with the movement demands placed on them by the
sport and relevant training. As athletic activities,
such as squatting,® landing,* running* and change
of direction tasks*® may all require large amounts of
ankle DF ROM, ensuring an athlete possesses suf-
ficient mobility to cope with these demands appears
to be a more logical guide.

This investigation was not without limitations.
Firstly, a relatively young population of recreation-
ally trained individuals was used. As such, the find-
ings presented in this study provide preliminary
data and are not yet representative of a wider popu-
lation. Further work is required to establish norma-
tive values across the wider population. The degree
to which asymmetry in ankle DF ROM becomes
clinically relevant is currently unclear. Whether a
threshold exists that may increase an athlete’s injury
risk or result in a decline in performance outputs
requires further investigation in order to inform a
clinician’s practice.

During testing, as the investigator was not blinded to
the measurements, it is possible that the investiga-
tor had knowledge of the initial values. Although an
attempt was made to control for this, recollection of
values may have occurred. This investigation also
used only one, experienced tester to establish values
during the WBLT. Therefore, these results are not
generalizable to the novice clinician. Furthermore,
the intra-rater reliability for the trigonometric cal-
culation method has not yet been established. With-
out data on the inter-rater reliability the wide-spread
adoption of this measurement technique should be
used with caution.

CONCLUSIONS

Recreationally active individuals may present with
asymmetrical weight-bearing ankle DF ROM during
the WBLT that is normal and not necessarily associ-
ated with leg dominance. These findings suggest the
extent of asymmetry found using the WBLT is less
than what has been previously reported in the litera-
ture. Furthermore, measuring weight-bearing ankle
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DF ROM for a single limb using the trigonometric
calculation method is simple and reliable; however,
the error associated with identifying asymmetries
in weight-bearing ankle DF ROM may exceed the
absolute inter-limb difference. Therefore, asymme-
tries in weight-bearing ankle DF ROM may be error
associated with the testing procedures and not a true
inter-limb difference. Future investigations should
examine the intra-rater reliability of the trigonomet-
ric calculation method, as well as investigating the
mechanical implications of ankle DF ROM asymme-
try during functionally relevant activities.
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