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Dorsiflexion and dynamic postural control
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SUMMARY Mutlu Cug
I . . o Erik A. Wikstrom
Objective: Movement assymetry is considered a potential risk factor for ibrahim Ethem Pak

musculoskeletal injury in sport. Sports such as volleyball are thought to
cause movement assymetries due to specific sporting demands. Further,
between limb comparisons are often used for return to sport decisions.
Despite this, little information is available regarding the presence of
assymetry in volleyball athletes. Therefore the purpose of this investigation
was to determine the presence of assymetry in dorsiflexion range of motion ORCID IDs of the authors:
(DFROM) and dynamic postural control variables, factors important in M.C. 0000-0002-1265-0073
return to sport decisions, both the group and individual level in professional E.A.W. 0000-0002-7260-0502
male volleyball players. Secondarly, we aimed to better understand the role éEbP.0%%%%%%%2-624%%%92%%9
of DFROM on the Star excursion balance test (SEBT), a measure of o

dynamic postural control.

Method: Thirty-two Professional male volleyball players (age: 24.7+5.53

years, height: 190.6+7.63 cm., weight: 84.5£9.28 kg., BMI: 23.22+1.62

kg/m?) participated in this investigation. All participants reported for a

single test session during which DFROM and the SEBT were assessed on

both limbs.

Results: There was a significant group difference (p <0.05) between limbs

for the normalized anterior (landing leg: 73.3 + 6.2%; non-landing leg: 71.4

+ 6.8% ) posteromedial (landing leg: 112.6+9.3%; non-landing leg:

107.6+£10.8%) and posterolateral (landing leg: 114.5+8.1%; non-landing

leg: 111.4+9.4%) SEBT reach direction. The anterior and posteriomedial

but not the posteriolateral reach differences exceeded the minimal

detectable change score for the SEBT. At the individual level, the vast

majority of participants demonstrated minimal assymetry. Significant

correlations were found between DFROM and the anterior SEBT reach (r =

0.36 to 0.39, p<0.04) as well as the posteriolateral SEBT reach (r= 0.47 to

0.50, p<0.01).

Conclusions: Professional volleyball players do not have DFROM or

dynamic postural control assymetries but DFROM can influence dynamic

postural control.

Keywords: Star Excursion Balance Test, weight bearing lunge, movement

quality.
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INTRODUCTION

Movement asymmetry is considered a risk factor
for initial and recurrent musculoskeletal injury. *
However, select sports such as volleyball, tennis,
and basketball are known to cause between limb
movement asymmetries in a variety of outcomes
including strength, coordination, and
neuromuscular control due to the specific demands
of the sport. 27 Additionally, past and present
musculoskeletal injuries can lead to movement
asymmetries.® Both sport and injury induced
asymmetry is problematic for sport scientists and
medical providers because an  athlete’s
contralateral limb is often used as a reference when
assessing injury risk, monitoring rehabilitation
progress, and/or making return to sport decisions.
However, movement symmetry is often assumed to
be present before injury® and regardless of sport.
As a result, the identification and correction of
movement asymetries has been a major concern of
sport scientists and medical providers in recent
years.

Unfortunately, there remains a derth of information
about asymmetries in competitive athlets,
especially those participating in sports known to
cause movement asymmetries (e.g. volleyball).
Further, the existing evidence has focused on the
presence of asymetries entireley from a group
perspective (i.e. mean differences) while ignoring
individual level analyses (e.g. level of agreement).
The most common musculoskeletal injury in
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volleyball is a lateral ankle sprain. ¥ This injury is
known to limit both dorsiflexion range of motion
(DROM)* and dynamic postural control as
measured via the Star Excursion Balance Test
(SEBT). 213 Thus, normative asymmetry data in
uninjured volleyball athletes would help determine
1) how much asymmetry is normal in this
population, and 2) provide a reference as to when
an athlete may be ready to return to sport following
an injury.

Further, a growing body of research has
demonstrated a relationship between DFROM,
measured via the weight bearing lung test (WBLT),
and the anterior reach of the SEBT in those with
and without a history of lateral ankle sprains.!
However, these relationships have only been
explored in recreational athletes and within a
singular limb. As a result, it is unclear how a
DFROM asymmetry influences SEBT asymmetry
in higher level volleyball athletes. Understanding
how one asymmetry influences another has the
potential to enhance treatment paradigms and
clinical decision making.

Therefore, the primary purpose of this
investigation was to determine the magnitude of
DFROM and dynamic postural control asymmetry
in male volleyball players at a group and individual
level. We hypothesized that both group and
individual analyses would demonstrate dynamic
postural control but not DFROM asymmetries in
professional male volleyball players. Our



secondary purpose was to further investigate the
relationship between DFROM and normalized
SEBT reach distances. We hypothesized that in
both limbs, the anterior SEBT reach distance would
be associated with the ipsilateral DFROM.
Further, we hypothesized that the magnitude of
DFROM asymmetry would associate with the
magnitude of anterior SEBT asymmetry.

MATERIAL AND METHODS
Participants

Thirty-two male volleyball players (age: 24.7+5.53
years, height: 190.6+7.63cm., weight:
84.5+9.28kg., BMI: 23.22+1.62 kg/m?) who
played in the first and second divisions of the
“Turkish Volleyball League” in 2012-2013 or
2016-2017 season participated in this investigation.
All participants were required to (1) have no
history of lower extremity injury in either leg
within the last six months, (2) be free of cerebral
concussions and vestibular disorders, (3) be free of
cardiovascular and metabolic disorders, (4) have
no history of serious lower extremity surgery.
Twenty-six of the 32 participants were right hand
and left leg dominant. Leg dominance refers to the
limb that participants would typically land on
during a volleyball maneuver.

Procedures

Prior to participation, all participants provided
written informed consent, which was approved by
the Cumhuriyet University Institutional Review
Board (2013-07/01) prior to participation. All
participants reported for a single test session during
which ankle DFROM and dynamic postural
control, measured via the WBLT and SEBT
respectively, were assessed on both limbs. The
order of the assessment (WBLT and SEBT) and
limb completion were counterbalanced across
participants.

The weight bearing lunge test (WBLT), as
described by Bennell et al. was used to quantify
ankle DFROM. ** In brief, the WBLT was
performed while standing barefoot with the
participants’ foot and knee positioned in a plane
perpendicular to a wall. Participants could touch
the wall during the test to maintain their balance
and the non-test limb could rest in a comfortable
position on the floor behind the test limb.
Participants lunged forward until the ipsilateral
knee contacted the wall without raising the
corresponding heel from the floor. Participants
then progressively moved their test foot
backwards, away from the wall in 1cm increments,
before repeating the test procedure until maximum
ankle DFROM was obtained. Maximum DFROM
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was quantified as the furthest distance, in cm,
between the great toe and the wall when the knee
was in contact with the wall and the heel remained
on the ground. Three test trials were collected for
each limb. Each average was used for further
analysis and to calculate DFROM asymmetry.

Three SEBT directions (anterior, posteriomedial,
posterolateral) were performed barefoot for each
limb. ¥ Participants were asked to place their great
toe at the center of the grid for all directions.
Participants were then instructed to reach as far as
possible with their non-stance limb while keeping
their balance and their hands-on hips throughout
the task (i.e. reach and return to start position).
Reach distance was recorded as the furthest point
the non-stance foot was able to touch without
transferring weight onto the non-stance limb. Prior
to completing three test trials per limb, each
participant completed six practice attempts in each
direction, on each limb ¢ to minimize potential
learning effects. Direction order was randomized
for each participant. Leg length, operationally
defined as the distance, in cm, between the anterior
superior iliac spine (ASIS) and the distal end of the
ipsilateral medial malleolus was measured and
used to normalize reach distances. The three trial
average for each limb was used for data analysis
and to calculate between-limb asymmetry.

To assess group level asymmetry, independent
sample t-tests compared mean DFROM and SEBT
differences between limbs. Between limb
differences were then compared to previously
established minimal detectable change scores:
SEBT-Ant: 1.81%; SEBT-PM: 3.16%; SEBT-PL:
5.25%, DFROM: 0.34cm. ' To asses individual
level asymmetry (i.e. assess systematic side
biases), Bland-Altman analyses were performed
for each variable. To assess the association
between DFROM and normalized SEBT reach
distances, Pearson correlation coefficients were
used. Associations were assessed for the (1)
landing limb, (2) non-landing limb, and (3)
between limb asymmetry. An a priori alpha level
was set at p<0.05 for all statistical analyses and
analyses were performed with SPSS Version 19.0.

RESULTS

Group means, standard deviations, mean
differences, minimal detectable change scores for
the primary dependent variables can be seen in
Table 1. Significant between limb differences
(p<0.01) were noted for the anterior, posteromedial
and posterolateral SEBT reach direction, with the
landing limb demonstrating better balance.
Further, the magnitude of the SEBT-Ant and
SEBT- PM, but not the SEBT-PL, between limb



differences exceeded established MDC scores for
these variables (i.e. the magnitude of difference
was greater than the error typically associated with
the measures in question). No group level
difference in DFROM was noted (p>0.05).

However, at the individual level, the Bland Altman
analyses revealed no directional asymmetries in
any of the dependent variables (Figure 1). In brief,
87.5% (28 of 32) of participants had DFROM
asymmetries <1 standard deviation from the mean.
Similarly, 93.75% (30 of 32), 100% (32 of 32), and
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96.88% (31 of 32) of the participants had SEBT-
Ant, SEBT-PM, and SEBT-PL asymmetries <1
standard deviation from the mean, respectively.

The DFROM outcome was moderately associated
with the anterior and posterolateral normalized
SEBT reach distance on the landing and non-
landing limb (Table 2). However, the between
limb DFROM asymmetry did not associate with
the between limb asymmetry for any of the
dynamic postural control reach distances.

Table 1: Dorsiflexion range of motion and dynamic postural control scores for each limb.

Non-landing Landing p Mean MDC for
difference reference
standard
Anterior (%) 714 +6.8 73.3+£6.2 <0.01* -1.92 1.81Y
Posteromedial 107.6+ 108 112.6 £9.3 <0.01* -5.02 3.16Y
(%)
Posterolateral 1114+94 1145+ 8.1 <0.01* -3.05 5.25%
(%)
Ankle DFROM 13.5+2.7 13.6 £2.37 0.86 -0.04 1.90%
(cm)

* indicates significant differences between limbs p=0.05,
MDC: Minimal Detectable Change

Table 2: Correlations among dorsiflexion range of motion and dynamic postural control scores
for the individual limbs and for beween limb asymmetries.

SEBT-Ant SEBT-PM SEBT-PL
Nonlanding limb DFROM 359" 224 AT727
Landing limb DFROM 397" 268 502"
Between limb asymmetry | DFROM 284 030 140

* Indicates a statistically significant correlation (p<0.044). DFROM: dorsiflexion range of motion, SEBT: star excursion balance

test, Ant: anterior, PM: posteomedial, PL: posteriolateral
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Figure 1: Bland - Altman plot indicating the lunge distance asymmetry, SEBT-Ant, SEBT-PM, SEBT-PL reaching distance between the landing and nonlanding legs

of healthy adults. Each participant is represented as an “ ° ” mark. Solid lines indicates the upper and lower bounds of the 95% confidence interval



DISCUSSION

The primary aim was to determine the magnitude
of DFROM and dynamic postural control
asymmetry in male volleyball players at a group
and individual level. Our main DFROM finding
was a lack of asymmetry in high level male
volleyball athletes based on both group and
individual level analyses, consistent with our
hypothesis. Our main dynamic postural control
findings were contrary to each other. More
specifically, we noted significant between group
differences and some these differences (SEBT-Ant,
SEBT-PM) exceeded previously calculated MDC
SCores. However, Bland-Altman plots
demonstrated a lack of asymmetry at the individual
level, in all SEBT reach directions, contrary to our
a priori hypothesis. Our secondary aim was to
further investigate the relationship between
DFROM and normalized SEBT reach distances.
Our results demonstrate moderate associations
between DFROM and anterior SEBT reach
distances for each limb. This finding supports our
a priori hypothesis and is consistent with the
existing literature.

To our knowledge, this is the first investigation to
examine the relationship between DFROM and
SEBT reach distance in higher level athletes. As
such, it is important to note how our sample of
professional volleyball athletes DFROM and
SEBT performance compares to healthy
individuals and high-level athletes. For example,
our DFROM means are slightly higher than those
previously reported for a group of uninjured
healthy adults (right: 12.0£2.8 cm, left: 11.9+2.8
cm) who were not high level athletes.  Similarly,
our normalized SEBT reach distance means are
similar to those previously reported in collegiate
basketball players [Ant (74%), PM (108 %), and
PL (100 %)]. *°

Between Limb Asymmetry

Highly skilled volleyball attackers, can practice 16-
20 hours a week and perform about 40,000 spikes
ayear.? These maneuvers often result in unilateral
landings # and thus the landing limb has an
increased need for explosive strength and
coordination. *22 This hypothesis is supported by
noted asymmetries in landing biomechanics (e.g.
knee joint abduction angle, the internal adductor
joint moment and vertical ground reaction force
magnitude) and strength in high level volleyball
athletes. > #  While it is unknown if such
asymmetries were present in the current cohort. If
such asymmetries were present, they did not
translate to meaningful asymmetries in DFROM or
dynamic balance at the individual level.
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Previous research has established the MDC for the
WBLT and suggested that a WBLT difference 1 or
2 cm appears to be a normal between limb
difference. ® Further, the minimal detectable
change of the WBLT has been established to be
between 1.6 and 1.9cm. 2 Cumulatively, these
results would suggest that a >2cm difference is
representative  of a meaningful DFROM
asymmetry. Based on the current cohort, no
DFROM, as measured via the WBLT, exists at the
group level as a mean asymmetry of 0.04cm was
observed. At the individual level, only 22% (n=7)
of the current cohort demonstrated an asymmetries
>2 cm. At this time, the cause of this minimal
asymmetry remains unclear but soft tissue and/or
arthrokinematic limitations may play a role. While
DFROM appears symetrical in high level male
volleyball players, the cumulative research would
suggest that these these athletes may use the
available ROM differently between limbs. While
speculative this hypothesis is supported by the
biomechanical and neuromuscular  control
differences previously reported between limbs 2 as
well as the between limb group differences
observed in the SEBT reach distances. However,
such differences were not observed at the
individual level and thus dictate further research
about the meaningfulness of group level
asymmetry calculations..

Greater dynamic postural control, as measured by
the SEBT, requires a combination of balance,
strength, neuromuscular control, and range of
motion. ?® Further, between limb asymmetries
ranging from 3 — 8% have been noted in collegiate
athletes 2" and previous research has suggested that
a posteriorlateral between limb difference exists in
high level youth soccer players. 2 These results are
consistent with the current group level differences
observed in all three SEBT reach directions. When
such scores are taken into account, meaningful
asymmetry does not exist in any of the reported
cohorts. However, our current SEBT-Ant and
SEBT-PM results did consider the between limb
difference in the context of established MDC
scores and our calculated differences exceeded the
calculated MDC scores. These results would
suggest a meaningful between limb group dynamic
postural control differences in high level male
volleyball players.

However, in the current cohort, less than 10% of
individual participants demonstrated a between
limb dynamic posutal control difference greater
than one standard deviation on any of the SEBT
Bland-Altman plots. Cumulatively, these
individual results are consistent with research
demonstrating no between limb SEBT differences



in elite male soccer players. 2 The contrary results
of group and individual differences highlights a
statistical delimma for sports sciences and
healthcare providers as small, and apparently non-
meaningful between limb differences generate
group differences with large enough sample sizes.

DFROM and SEBT Associations

Multiple investigations have demonstrated that
DFROM influences the anterior SEBT reach
distance. '  For example, one investigation
reported a moderate (r = 0.53) association between
these variables. ** While associations for both
limbs were noted in the current investigation, the
strength of the single limb associations were not as
strong as those previously reported. However, our
between limb DFROM asymmetry did not
associate with between limb dynamic postural
control asymmetries. Cumulatively, these results
reinforce the role of DFROM on ipsilateral anterior
SEBT reach distances.

We also observed associations between DFROM
and the posteriolateral reach distance on both
limbs. While consistent with the existing literature,
our associations were much stronger than those
previously reported (r= 0029). 3 However, the
between limb DFROM difference did not influence
the between limb posteriolateral SEBT reach
distance. This result may suggest that while
DFROM plays an important role, the limbs use
different motor control strategies to coordinate
posteriolateral SEBT reach performance.

CONCLUSION

Uninjured high level male volleyball players do not
have DFROM asymmetries. Dynamic postural
control asymmetries are observed when group level
but not individual level analyses are conducted.
Our results further support the importance of
DFROM for SEBT performance, particularly in the
posteriolateral and anterior reach direction.
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