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External rotation elastic bands at the lower limb
decrease rearfoot eversion during walking: a preliminary
proof of concept

Thales R. Souza?, Vanessa L. Aradjo!, Paula L. Silva?,
Viviane O. C. Carvalhais?, Renan A. Resende?, Sérgio T. Fonseca®!

ABSTRACT | Background: Reducing rearfoot eversion is a commonly desired effect in clinical practice to prevent or
treat musculoskeletal dysfunction. Interventions that pull the lower limb into external rotation may reduce rearfoot
eversion. Objective: This study investigated whether the use of external rotation elastic bands, of different levels of
stiffness, will decrease rearfoot eversion during walking. We hypothesized that the use of elastic bands would decrease
rearfoot eversion and that the greater the band stiffness, the greater the eversion reduction. Method: Seventeen healthy
participants underwent three-dimensional kinematic analysis of the rearfoot and shank. The participants walked on a
treadmill with and without high- and low-stiffness bands. Frontal-plane kinematics of the rearfoot-shank joint complex
was obtained during the stance phase of walking. Repeated-measures ANOVAs were used to compare discrete variables
that described rearfoot eversion-inversion: mean eversion-inversion; eversion peak; and eversion-inversion range of
motion. Results: The low-stiffness and high-stiffness bands significantly decreased eversion and increased mean eversion-
inversion (p<0.037) and eversion peak (p<0.006) compared with the control condition. Both bands also decreased
eversion-inversion range of motion (p<0.047) compared with control by reducing eversion. The high-stiffness band
condition was not significantly different from the low-stiffness band condition for any variables (p>0.479). Conclusion:
The results indicated that the external rotation bands decreased rearfoot eversion during walking. This constitutes
preliminary experimental evidence suggesting that increasing external rotation moments at the lower limb may reduce
rearfoot eversion, which needs further testing.
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BULLET POINTS

* Acute use of external rotation bands reduces rearfoot eversion during walking.
» The aim of the interventions was to pull the limb into external rotation.

* As this is preliminary evidence, implications should be considered with caution.
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Introduction

Proximal lower limb mechanics in the transverse
plane and foot pronation-supination (commonly
measured as rearfoot eversion-inversion) seem to
be coupled during the stance phase of walking'?.
This coupling has been considered in multifactorial
approaches to musculoskeletal painful conditions**,
such as foot-ankle and knee disorders possibly related
to abnormal pronation and supination®?. Although
influenced by transverse-plane motion at the knee'?,
coupling of rearfoot eversion-inversion with lower

limb internal-external rotation during walking'?> may
enable forces at the foot to change both rearfoot and
lower limb kinematics'®!" in a distal to proximal
direction. Accordingly, a proximal to distal effect
during walking is expected in which forces at joints
proximal to the ankle, acting on the transverse plane,
influence shank axial rotation'>!* and may affect
rearfoot eversion-inversion'.

According to the coupling described, mechanisms
that pull the lower limb into external rotation, such as
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the action of external rotator muscles and other tissues
at the thigh and shank, may decrease rearfoot eversion
during walking stance®!*. Thus, interventions aimed
at increasing external rotation moments at the lower
limb can be proposed to reduce rearfoot eversion'®.
External rotation elastic bands wrapped around the
pelvis and lower limb'® can be used to test for this
possible effect on rearfoot kinematics.

The present study investigated this effect by using
elastic bands designed to pull thigh and shank into external
rotation, as a proof of concept. We hypothesized that
the use of the bands would decrease rearfoot eversion
at the foot-ankle complex. We also hypothesized that
a stiffer elastic band would cause greater decreases
in eversion than a less stiff band.

Method

Participants

Seventeen healthy participants (11 females,
6 males) participated in the study (26.5+£2.59 years,
62.62+7.84 kg, 168.0+8.0 cm). They were symptom-free,
did not have any pathologic condition in the lower
limbs or lumbo-pelvic complex during the previous
six months, and had never undergone orthopedic
surgery. The participants had a maximum body mass
index of 25 Kg/m? and had never used any type of foot
orthosis. They had a maximum foot-shank angle of
24°17 passive range of motion of hip internal rotation
between 23° and 71° and passive range of motion of
hip external rotation between 25° and 56°'¢. The Ethics
Committee of Universidade Federal de Minas Gerais
(UFMGQG), Belo Horizonte, MG, Brazil approved this
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study (protocol number: CAAE —0427.0.203.000-11)
and all participants signed informed consent forms.

Elastic bands

Two elastic bands were used to pull the lower limb
into external rotation: one low-stiffness elastic band
(LSEB) and one high-stiffness elastic band (HSEB).
The stress-strain relationships of the bands are presented
in Figure 1. Each band was attached to three elastic
belts, which were firmly fastened with Velcro® to
1) the iliac bones of the pelvis, 2) the distal third
of the thigh, and 3) the proximal third of the shank
(Figure 2A). The shank belt was used to improve the
attachment of the elastic band to the lower limb, since
the thigh belt is prone to large displacements due to
the high volume of soft tissues. To produce external
rotation, one of the elastic bands was wrapped around
the lower limb in a spiral fashion, from the lateral
aspect of the pelvic belt (contralateral to the lower
limb studied) to the lateral aspect of the thigh and
shank belts (Figure 2B). The proximal end of the band
was attached to the pelvic belt and the distal end was
attached to the thigh and shank belts with Velcro®.
The middle portion of the elastic band passed through
the posterior aspect of the pelvis, across the hip joint,
and around the thigh. This portion passed over the
greater trochanter to avoid affecting frontal-plane
moments at the hip. Each band was wrapped around
the limb with the elastic portion stretched, with a
deformation of 20 cm (35.7%). This amount of strain
guaranteed that the elastic bands would not slacken
during walking. The bands were wrapped around the
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Figure 1. Tension (Newtons) versus strain (deformation in %) relationships describing each elastic band. LSEB: Low-stiffness elastic

band; HSEB: High-stiffness elastic band.
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Figure 2. (A) Elastic belts. (B) Elastic band attached to the elastic belts. Limits of the elastic band are highlighted in white. Arrows

indicate the tension direction in the elastic portion of the band.

lower limb while the participant was in bipedal stance.
All participants reported that the bands, when attached
and stretched, pulled the limb into external rotation.

Foot kinematics

Procedure

Akinematic analysis of the rearfoot-ankle complex!
was implemented with the Codamotion three-
dimensional analysis system (Charnwood Dynamics
Ltd., Rothley, England), with three scanner units and
active markers. The sampling rate was set at 100 Hz.
Clusters of tracking markers were used to determine
the displacement of each segment (Figure 3 A and B).
The shank cluster consisted of an elastic belt with
a rigid plate to which four tracking markers were
attached. This cluster was attached to the distal third of
the shank?. The rearfoot cluster consisted of flexible
metallic bases, each with three rigid rods to which
tracking markers were attached. The rearfoot cluster
was attached to the posterior aspect of the calcaneus,
below the insertion of the calcaneus tendon'’. Two
technical markers were attached to the lateral aspect of
the foot — one on the peroneal tubercle of the calcaneus
and the other on the fifth metatarsal head — for posterior
definition of the stance phase of walking?'.

A static trial was conducted with the participant
in relaxed bipedal standing without the elastic bands.
Following this, the participants were required to walk

on an electric treadmill ProAction G635 Explorer
(BH Fitness, Vitoria-Gasteiz, Spain), at their preferred
speed, in three conditions: (1) control condition -
without elastic bands; (2) LSEB condition - with the
low-stiffness elastic band; and (3) the HSEB condition
- with the high-stiffness elastic band. The sequence
of conditions was randomized. A trial with at least
20 steps of the right limb was registered in each
condition. Before the walking trials, the participants
were allowed to walk freely in each condition for
approximately five minutes to familiarize themselves
with the use of the elastic bands and segment belts.
The experimental conditions and measures were always
conducted on the right limb in order to standardize
the laboratory setup.

Data reduction

Data processing was carried out using Visual 3D
software (C-Motion Inc., Rockville, MA, USA).
A global coordinate system (X,Y,Z) was created using
the medial-lateral and anterior-posterior orientations
of the treadmill as the X and Y axes, respectively.
The global longitudinal axis (Z axis) was orthogonal
to the X and Y axes.

Asix-degrees-of-freedom (6DOF) kinematic model was
used, in which the segments were assumed to be free rigid
bodies?. According to this model, anatomical references
were used to determine a local coordinate system for
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Figure 3. Clustered active tracking markers (A and B), coordinate systems of the segments, and anatomical references (black circles)
(C and D). Technical markers on the peroneal tubercle and fifth metatarsal head are shown, as well as the drive boxes and cables of the
markers. The cluster on the forefoot was not used in the present study. ME: medial epicondyle; LE: lateral epicondyle; MM: medial

malleolus; LM: lateral malleolus; PT: peroneal tubercle; ST: sustentaculum tali.
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each segment: shank and rearfoot (Figure 3 C and D)".
During the static trial, a pointer was used to define
digitally the location of the anatomical references of
the participant within the global coordinate system.
Two proximal references and two distal references,
lateral and medial, were used for each segment.
The proximal references of the shank were the lateral
and medial epicondyles of the femur, and the distal
references were the lateral and medial malleoli. The
proximal references of the rearfoot were the malleoli,
and the distal references were the peroneal tubercle and
sustentaculum tali. We used the standard method of the
Visual 3D software to create the coordinate systems
of each segment. The longitudinal axis (Z axis) was
defined as the line connecting the midpoint between
the proximal references to the midpoint between the
distal references. The medial-lateral axis (X axis)
was defined as the line minimally distant from a
lateral-medial line connecting the proximal references
and a lateral-medial line connecting the distal references.
It was calculated using the least-squares fit method.
The Y axis (posterior-anterior) of each segment was
orthogonal to the axes previously created. The clusters
of tracking markers were digitally associated with the
corresponding coordinate systems (segments) so that
the position variation of these markers determined the
position variation of the segments.

The stance phase of walking was defined as the
period between initial contact and toe-off. These events
were determined using the linear anterior-posterior
motion (in the global Y axis) of the technical markers?!.
We plotted the curves of the markers’ linear motion
to facilitate event identification. Initial contacts were
defined as the instants in which forward motion of
the rearfoot marker stopped, which corresponded to
the peaks of the corresponding curve. Toe-offs were
defined as the instants in which backward motion of
the forefoot marker stopped, which corresponded to
the valleys of the corresponding curve. Two examiners
determined these events. To test the reliability of
this method, we carried out a pilot study with ten
participants and two evaluation sessions separated
by a one-week interval. We observed intraclass
correlation coefficients greater than 0.99 for the
intra- and inter-examiner reliabilities®.

The motion of the rearfoot relative to shank
(rearfoot-shank) was calculated, in the frontal plane
(around the segments Y axes), for the stance phase
of walking. The Cardan/Euler sequence used was:
sagittal, frontal, and transverse. The data were
low-pass filtered with a zero-lag Butterworth filter and

External rotation bands reduce foot eversion

a cut-off frequency of 6 Hz*. The neutral positions (0°)
for the angles obtained were defined as the positions
recorded during the initial static trial in a relaxed
standing position. Curves of angular position relative
to stance time were plotted for 20 stance phases of
each participant, from which discrete variables were
calculated and used for statistical analyses. Mean
curves corresponding to angular positions relative
to percentage of stance were also obtained for each
participant in each study condition for descriptive
purposes and to test between-trials reliability of the
time series obtained®®. Reliability was tested through
coefficients of multiple correlation (CMC), for
two randomly selected stance phases in the control
condition®®. Amean CMC 0f 0.95 (SD 0.03) was found.

Variables definition

Discrete variables were obtained to represent specific
features of the eversion-inversion curve of the rearfoot
relative to the shank: (a) Mean eversion-inversion, to
represent a position trend during the whole stance phase;
(b) Eversion peak, which consists of the maximum
value of rearfoot eversion; and (c) Eversion-inversion
range of motion, which consists of the total range
of motion. These discrete variables were calculated
from each curve (i.e., 20 stance phases) and then
averaged for each participant at each study condition.
Between-trials reliability of these variables was
calculated using Intraclass Correlation Coefficients
(ICC) and standard error of measurements (SEM)*.
For reliability testing, two randomly selected stance
phases of each participant in the control condition
were used. The ICC values obtained were 0.93, 0.95,
and 0.92 for mean eversion-inversion, eversion peak,
and eversion-inversion range of motion, respectively.
The SEM values obtained were 0.97°, 0.77°, and
1.29° for mean eversion-inversion, eversion peak,
and eversion-inversion range of motion, respectively.

Statistical analysis

Repeated-measures analyses of variance (ANOVAs)
with one factor (study conditions) and three levels
(control, LSEB, and HSEB) were used to investigate
differences among the study conditions. One ANOVA
was carried out for each outcome variable. When the
main effect was significant, pre-planned contrasts
(control vs LSEB; control vs HSEB; LSEB vs HSEB)
were used for pairwise comparisons. The alpha level
was set at 0.05 for all analyses.
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Results

The ANOVA main effect was significant for mean
eversion-inversion (p=0.003; F=7.83; 17%=0.3). Contrasts
revealed that mean eversion-inversion was significantly
greater (i.e., presenting less everted positions) in
the LSEB (p<0.001; F=19.64; n*=0.55) and HSEB
(p=0.037; F=5.17; 1n?=0.24) conditions compared
with control. Mean eversion-inversion in the LSEB
condition was not significantly different compared
with the HSEB condition (p=0.479; F=0.52; n°=0.03).

For eversion peak, the ANOVA main effect was
significant (p<0.001; F=11.31; n*=0.41). Contrasts
revealed that the values of eversion peak were
significantly greater (i.e., less everted peak positions)
in the LSEB (p=0.001; F=18.2; 7?=0.53) and HSEB
(p=0.006; F=9.8; 1%=0.38) conditions compared with
control. Eversion peak in the LSEB condition was
not significantly different compared with the HSEB
condition (p=0.649; F=0.21; n?=0.01).

For eversion-inversion range of motion, the
ANOVA main effect was significant (p<0.012; F=5.16;
1*=0.24). Contrasts revealed that eversion-inversion
range of motion was significantly smaller in the LSEB
(p=0.022; F=6.47; n*=0.28) and HSEB (p=0.047;
F=4.61; n?=0.22) conditions compared with control.
Eversion peak in the LSEB was not significantly
different compared with the HSEB condition (p=0.856;
F=0.03; n%=0.002).

The mean values, standard deviations, and value
ranges of these outcome variables, in each experimental
condition, are presented in Table 1. The curves showing
the mean values of rearfoot eversion-inversion for
all participants in each experimental condition are
presented in Figure 4.

Discussion

The use of external rotation elastic bands at the lower
limb significantly changed mean eversion-inversion,
eversion peak, and eversion-inversion range of motion

of the rearfoot relative to the shank, which indicates
a reduction in foot pronation and supports the first
hypothesis of the study®?7?*. These results constitute
preliminary experimental evidence that suggest an
isolated contribution of proximal transverse-plane
mechanics to rearfoot frontal-plane kinematics during
walking. It agrees with recent findings of a correlation
between hip passive resistance to internal rotation
and rearfoot frontal-plane kinematics'*. Nevertheless,
the absence of measures of hip and knee motion or
moments of force precludes making a strong conclusion
on the proximal mechanical effects as causing the
kinematic changes at the rearfoot, which motivates
further testing.

Reductions in rearfoot eversion range of motion
tended to occur mainly within the midstance and
terminal stance phase of gait (i.e., approximately
from 25% and 85% of the stance phase) (Figure 4).
Thus, the effects of the bands seem to be evident
in these sub-phases and manifested as decreases in
maximum everted positions as well as increases in
subsequent inversion motion. The decreases in range
of motion also indicated decreases in eversion since
the initial and final positions in the stance phase
were very similar among conditions (Figure 4).
The present findings point to potential effects that
interventions aimed at increasing proximal external
rotation moments at the lower limb have on rearfoot
kinematics. The magnitudes of the kinematic changes
observed in the rearfoot are similar to those related to
interventions that proved to be beneficial in clinical
situations, such as foot orthoses*>°. However, it should
be recognized that any potential clinical effects of this
type of intervention are still highly speculative and
warrant future investigation.

The second hypothesis of the study was that eversion
reductions would be greater with the HSEB than with
the LSEB. However, the effects of the bands were
not significantly different. Because the bands also act

Table 1. Mean values, standard deviations, and ranges of the outcome variables in the experimental conditions.

Control Mean (SD) LSEB Mean (SD) HSEB Mean (SD)
[Range] [Range] [Range]
Mean eversion-inversion 0.49° (3.69) 1.32° (3.76)* 1.16° (3.96)*
[-9.06° to 5.91°] [-8.25° to 7.02°] [-8.02° to 7.19°]
Eversion peak -4.16° (3.45) -3.02° (3.37)* -3.10° (3.73)*

[-12.45° to 0.40°] [-11.32 to 1.87°]

15.60° (4.59) 14.22° (3.29)*
[7.12° to 26.14°] [6.60° to 18.70°]

LSEB: Low-Stiffness Elastic Band condition; HSEB: High-Stiffness Elastic Band condition; SD: standard deviation. *Significantly different
from control condition (p<0.05).

[-11.49° to 1.65°]

14.26° (3.26)*
[5.92° to 17.95°]

Eversion-inversion range of motion
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Figure 4. Average curves and standard deviations (shaded areas) of rearfoot-shank eversion-inversion angles during the stance phase

of walking, in each experimental condition. LSEB: Low-stiffness elastic band condition; HSEB: High-stiffness elastic band condition.

during the swing phase, the lower extremity and foot
could be more externally rotated since the beginning
of stance, particularly in the HSEB condition. A more
externally rotated foot at initial contact leads to
increases in eversion®!. Thus, a possible explanation
for the lack of differences between the bands is that,
in the HSEB condition, the eversion moments of
force produced by the ground reaction force on the
externally rotated foot were great enough to reduce
the range of motion of foot supination caused by
the use of the band. To verify this possibility, we
carried out a post-hoc repeated-measures ANOVA to
compare the transverse-plane position of the foot at
initial contact (represented by the rearfoot), relative
to the ground, among the experimental conditions
(main-effect p<0.001, F=16.37). LSEB and HSEB
increased foot external rotation, in comparison with
control (p<0.013, F>7.79). However, there was not
a significant difference between band conditions
(p=0.109, F=2.88). It should be noted that, although
the effect size of this last comparison (7?=0.42) can be
considered large®, the statistical power was only 0.63.
This indicates that the sample size of the study was
not sufficient for this specific post-hoc comparison?.
Therefore, we cannot draw a final conclusion at this
point about the possible influence of foot external
rotation on the similar results observed with the HSEB
and the LSEB. Importantly, it should be stressed that
due to the absence of measures of moments at the
lower limb joints, we cannot assume that the bands
actually produced different moment magnitudes. Thus,

the similar effects of the bands on rearfoot kinematics
may also be due to similar external rotation moments
generated by the bands.

Previous studies investigated the influences of
proximal mechanics on rearfoot eversion-inversion'>*,
but not of isolated transverse-plane mechanics.
Snyder et al." found that strengthening hip abductor
and external rotator muscles resulted in decreased
range of motion of rearfoot eversion-inversion during
running'®. Hip abduction moments of force (i.e., in
the hip frontal plane) are often emphasized to explain
these results’; however, strengthening these muscles
also increased hip adduction angles in that study',
which is contrary to the emphasis on hip abduction
moments of force. In addition, they observed a trend
toward a decrease in hip internal rotation'®. The present
results suggest that the reduction in pronation observed
in the previous studies'>** was influenced by changes
in proximal transverse-plane mechanics.

We acknowledge that, in the present study,
experimental measures of hip and knee mechanics
could reinforce conclusions on the concept tested,
since the bands were wrapped around both to the
thigh and shank. However, it was not possible to
measure hip passive moments since the appropriate
methods available in the literature are executed with
the knee joint flexed at 90°4, which would probably
modify the band tension in comparison with walking.
A measure of the passive knee transverse-plane moment,
appropriate for this study, was also not available in
the literature. Therefore, even though all participants

Braz ] Phys Ther. 2016 Nov-Dec; 20(6):571-579

577 ®



® 578

Souza TR, Aratjo VL, Silva PL, Carvalhais VOC, Resende RA, Fonseca ST

reported a sensation that the band was pulling the
limb into external rotation, we could not be certain of
the additional external rotation moments. This limits
the discussion about the kinematic changes as being
a result of direct and passive mechanical effects or
a result of changes in muscle activity due to sensory
effects related to the use of the bands. Hip and knee
kinematics were not measured either, since the bands
significantly displaced thigh soft tissues and prevented
using clustered tracking markers on this segment.
Nevertheless, it should be noted that a previous case
study indicated that a similar elastic band decreased
hip internal rotation in weight-bearing tasks'®, which
was the effect expected at the hip in the present study
and supports the observed relation between proximal
transverse-plane and foot frontal-plane mechanics.

The clinical extent of the results is very limited
due to the methodological features of the study.
The participants did not necessarily present excessive
hip internal rotation and foot pronation, which are
characteristics of the population that could benefit
from the proposed interventions to increase external
rotation moments. Thus, although the findings suggest
the hypothesized kinematic relationship, it is not
possible to draw any conclusions about the effects on
people with excessive pronation and internal rotation.
In addition, the proof of concept was conducted by
means of an acute intervention and thus inferences
about any mid- and long-term effects, during or after
use of the bands, should not be made. Finally, no
conclusions can be drawn on the effectiveness of the
intervention for prevention or treatment of symptoms
related to these kinematic patterns™*.

The present findings suggest a possible contribution
of proximal transverse-plane mechanics on rearfoot
eversion-inversion during walking. Although the kinematic
relationship indicated is still speculative, it agrees with
previous investigations and theoretical propositions
that explain rearfoot motion during walking®'***. The
passive mechanical and/or sensory-active nature of
the mechanisms that changed rearfoot motion and any
possible clinical implications need to be subjected to
further scrutiny by future studies.

Conclusions

The use of external rotation elastic bands at the
lower limb decreased rearfoot eversion during the
stance phase of walking. The findings constitute
preliminary experimental evidence on the relationship
between the range of motion of rearfoot eversion,
during walking, and proximal mechanisms that pull
the lower limb into external rotation.

Braz ] Phys Ther. 2016 Nov-Dec; 20(6):571-579

Acknowledgements

We wish to thank the team at LABBIO (Department
of Mechanical Engineering, UFMG) for their help in
describing the elastic bands. We also thank Juliana M.
Ocarino and Fabricio A. Magalhaes for their helpful
suggestions and data management. This work has been
supported by CNPq, FAPEMIG and the Pro-Dean’s
Office for Research of UFMG.

References

1. Levens AS, Inman VT, Blosser JA. Transverse rotation of
the segments of the lower extremity in locomotion. J Bone
Joint Surg Am. 1948;30A(4):859-72. PMid: 18887290.

2. Souza TR, Pinto RZ, Trede RG, Kirkwood RN, Fonseca
ST. Temporal couplings between rearfoot-shank
complex and hip joint during walking. Clin Biomech.
2010;25(7):745-8. PMid:20621756. http://dx.doi.org/10.1016/j.
clinbiomech.2010.04.012.

3. Fonseca ST, Ocarino JM, Silva PLP, Aquino CF. Integration
of stresses and their relationship to the kinetic chain. In:
Magee DJ, Zachazewski JE, Quillen WS, editors. Scientific
foundations and principles of practice in musculoskeletal
rehabilitation. St Louis: Saunders Elsevier; 2007. p. 476-86.

4. Davis IS, Powers CM. Patellofemoral pain syndrome:
proximal, distal, and local factors, an international retreat,
April 30-May 2, 2009, Fells Point, Baltimore, MD. J Orthop
Sports Phys Ther. 2010;40(3):A1-16. PMid:20195028. http://
dx.doi.org/10.2519/jospt.2010.0302.

5. Chuter VH, Janse de Jonge XA. Proximal and distal
contributions to lower extremity injury: a review of the
literature. Gait Posture. 2012;36(1):7-15. PMid:22440758.
http://dx.doi.org/10.1016/j.gaitpost.2012.02.001.

6. Menz HB, Dufour AB, Riskowski JL, Hillstrom HJ, Hannan
MT. Association of planus foot posture and pronated
foot function with foot pain: the Framingham foot study.
Arthritis Care Res. 2013;65(12):1991-9. PMid:23861176.
http://dx.doi.org/10.1002/acr.22079.

7. Neal BS, Griffiths IB, Dowling GJ, Murley GS, Munteanu SE,
Franettovich Smith MMF, et al. Foot posture as a risk factor
for lower limb overuse injury: a systematic review and meta-
analysis. J Foot Ankle Res. 2014;7(1):55. PMid:25558288.
http://dx.doi.org/10.1186/s13047-014-0055-4.

8. Golightly YM, Hannan MT, Dufour AB, Hillstrom HJ,
Jordan JM. Foot disorders associated with overpronated
and oversupinated foot function: the Johnston County
osteoarthritis project. Foot Ankle Int. 2014;35(11):1159-65.
PMid:25037712. http://dx.doi.org/10.1177/1071100714543907.

9. Dowling GJ, Murley GS, Munteanu SE, Smith MM, Neal BS,
Griffiths IB, et al. Dynamic foot function as a risk factor
for lower limb overuse injury: a systematic review. J Foot
Ankle Res. 2014;7(1):53. PMid:25598843. http://dx.doi.
org/10.1186/s13047-014-0053-6.

10. Resende RA, Deluzio KJ, Kirkwood RN, Hassan EA,
Fonseca ST. Increased unilateral foot pronation affects
lower limbs and pelvic biomechanics during walking. Gait


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18887290&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20621756&dopt=Abstract
http://dx.doi.org/10.1016/j.clinbiomech.2010.04.012
http://dx.doi.org/10.1016/j.clinbiomech.2010.04.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20195028&dopt=Abstract
http://dx.doi.org/10.2519/jospt.2010.0302
http://dx.doi.org/10.2519/jospt.2010.0302
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22440758&dopt=Abstract
http://dx.doi.org/10.1016/j.gaitpost.2012.02.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23861176&dopt=Abstract
http://dx.doi.org/10.1002/acr.22079
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25558288&dopt=Abstract
http://dx.doi.org/10.1186/s13047-014-0055-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25037712&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25037712&dopt=Abstract
http://dx.doi.org/10.1177/1071100714543907
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25598843&dopt=Abstract
http://dx.doi.org/10.1186/s13047-014-0053-6
http://dx.doi.org/10.1186/s13047-014-0053-6

11.

12.

15.

17.

18.

19.

20.

21.

22.

Posture. 2015;41(2):395-401. PMid:25468683. http://dx.doi.
org/10.1016/j.gaitpost.2014.10.025.

Hsu WH, Lewis CL, Monaghan GM, Saltzman E, Hamill J,
Holt KG. Orthoses posted in both the forefoot and rearfoot
reduce moments and angular impulses on lower extremity
joints during walking. J Biomech. 2014;47(11):2618-25.
PMid:24968944. http://dx.doi.org/10.1016/j.jbiomech.2014.05.021.

Preece SJ, Graham-Smith P, Nester CJ, Howard D,
Hermens H, Herrington L, et al. The influence of gluteus
maximus on transverse plane tibial rotation. Gait Posture.
2008;27(4):616-21. PMid:17904369. http://dx.doi.org/10.1016/j.
gaitpost.2007.08.007.

. Bellchamber TL, van den Bogert AJ. Contributions of proximal

and distal moments to axial tibial rotation during walking and
running. J Biomech. 2000;33(11):1397-403. PMid:10940398.
http://dx.doi.org/10.1016/S0021-9290(00)00113-5.

. Souza TR, Mancini MC, Araujo VL, Carvalhais VO, Ocarino

IM, Silva PL, et al. Clinical measures of hip and foot-ankle
mechanics as predictors of rearfoot motion and posture.
Man Ther. 2014;19(5):379-85. PMid:24268425. http://dx.doi.
org/10.1016/j.math.2013.10.003.

Snyder KR, Earl JE, O’Connor KM, Ebersole KT. Resistance
training is accompanied by increases in hip strength and
changes in lower extremity biomechanics during running.
Clin Biomech. 2009;24(1):26-34. PMid:19013697. http://
dx.doi.org/10.1016/j.clinbiomech.2008.09.009.

. Austin AB, Souza RB, Meyer JL, Powers CM. Identification

of abnormal hip motion associated with acetabular labral
pathology. J Orthop Sports Phys Ther. 2008;38(9):558-65.
PMid:18758045. http://dx.doi.org/10.2519/jospt.2008.2790.

Mendonga LD, Bittencourt NF, Amaral GM, Diniz LS,
Souza TR, Fonseca ST. A quick and reliable procedure
for assessing foot alignment in athletes. J Am Podiatr Med
Assoc. 2013;103(5):405-10. PMid:24072370. http://dx.doi.
org/10.7547/1030405.

Svenningsen S, Terjesen T, Auflem M, Berg V. Hip motion
related to age and sex. Acta Orthop Scand. 1989;60(1):97-100.
PMid:2929306. http://dx.doi.org/10.3109/17453678909150103.

Souza TR, Fonseca HL, Vaz AC, Antero JS, Marinho CS,
Fonseca ST. Between-day reliability of a cluster-based
method for multisegment kinematic analysis of the foot-
ankle complex. J Am Podiatr Med Assoc. 2014;104(6):601-9.
PMid:25514272. http://dx.doi.org/10.7547/8750-7315-104.6.601.

Manal K, McClay I, Stanhope S, Richards J, Galinat B.
Comparison of surface mounted markers and attachment
methods in estimating tibial rotations during walking: an in
vivo study. Gait Posture. 2000;11(1):38-45. PMid: 10664484
http://dx.doi.org/10.1016/S0966-6362(99)00042-9.

Ghoussayni S, Stevens C, Durham S, Ewins D. Assessment and
validation of a simple automated method for the detection
of gait events and intervals. Gait Posture. 2004;20(3):266-72.
PMid:15531173. http://dx.doi.org/10.1016/j.gaitpost.2003.10.001.

Robertson DG, Caldwell GE, Hamill J, Kamen G, Whittlesey
SN. Research methods in biomechanics. Champaign: Human
Kinetics; 2004.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

External rotation bands reduce foot eversion

Portney LG, Watkins MP. Foundations of clinical research:
applications to practice. Upper Saddle River: Prentice-Hall;
2000.

Wu G, Siegler S, Allard P, Kirtley C, Leardini A, Rosenbaum
D, etal. ISB recommendation on definitions of joint coordinate
system of various joints for the reporting of human joint
motion--part [: ankle, hip, and spine. International Society of
Biomechanics. J Biomech. 2002;35(4):543-8. PMid: 11934426.
http://dx.doi.org/10.1016/S0021-9290(01)00222-6.

Winter DA. Biomechanics and motor control of human
movement. Hoboken: Wiley; 2005.

Kadaba MP, Ramakrishnan HK, Wootten ME, Gainey J, Gorton
G, Cochran GV. Repeatability of kinematic, kinetic, and
electromyographic data in normal adult gait. J Orthop Res.
1989;7(6):849-60. PMid:2795325. http://dx.doi.org/10.1002/
jor.1100070611.

Mann RA. Biomechanics of running. In: Pack RP, editor.
Symposium on the foot and leg in running sports. St Louis:
Mosby; 1982. p. 1-29.

Leighton RD. A functional model to describe the action
of the adductor muscles at the hip in the transverse plane.
Physiother Theory Pract. 2006;22(5):251-62. PMid:17118893.
http://dx.doi.org/10.1080/09593980600927385.

Eng JJ, Pierrynowski MR. The effect of soft foot orthotics on
three-dimensional lower-limb kinematics during walking
and running. Phys Ther. 1994;74(9):836-44. PMid:8066110.

Eng JJ, Pierrynowski MR. Evaluation of soft foot orthotics
in the treatment of patellofemoral pain syndrome. Phys
Ther. 1993;73(2):62-8, discussion 8-70. PMid:8421719.

Wright DG, Desai SM, Henderson WH. Action of the subtalar
and ankle-joint complex during the stance phase of walking.
J Bone Joint Surg. 1964;46(2):361-382. PMid:14129684.

Cohen J. Statistical power analysis for the behavioral sciences.
2nd ed. Hillsdale: Lawrence Erlbaum Associates; 1988.

Myer GD, Ford KR, McLean SG, Hewett TE. The effects
of plyometric versus dynamic stabilization and balance
training on lower extremity biomechanics. Am J Sports
Med. 2006;34(3):445-55. PMid:16282579. http://dx.doi.
org/10.1177/0363546505281241.

Carvalhais VO, Araujo VL, Souza TR, Goncalves GG, Ocarino
JM, Fonseca ST. Validity and reliability of clinical tests for
assessing hip passive stiffness. Man Ther. 2011;16(3):240-5.
PMid:21212014. http://dx.doi.org/10.1016/j.math.2010.10.009.

Correspondence
Thales Rezende Souza

Universidade Federal de Minas Gerais

Escola de Educagao Fisica, Fisioterapia e Terapia Ocupacional
Departamento de Fisioterapia

Avenida Antdnio Carlos, 6627

CEP 31270-010, Belo Horizonte, MG, Brazil

e-mail: thalesrs@ufmg.br

Braz ] Phys Ther. 2016 Nov-Dec; 20(6):571-579

579 @


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25468683&dopt=Abstract
http://dx.doi.org/10.1016/j.gaitpost.2014.10.025
http://dx.doi.org/10.1016/j.gaitpost.2014.10.025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24968944&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24968944&dopt=Abstract
http://dx.doi.org/10.1016/j.jbiomech.2014.05.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17904369&dopt=Abstract
http://dx.doi.org/10.1016/j.gaitpost.2007.08.007
http://dx.doi.org/10.1016/j.gaitpost.2007.08.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10940398&dopt=Abstract
http://dx.doi.org/10.1016/S0021-9290(00)00113-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24268425&dopt=Abstract
http://dx.doi.org/10.1016/j.math.2013.10.003
http://dx.doi.org/10.1016/j.math.2013.10.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19013697&dopt=Abstract
http://dx.doi.org/10.1016/j.clinbiomech.2008.09.009
http://dx.doi.org/10.1016/j.clinbiomech.2008.09.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18758045&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18758045&dopt=Abstract
http://dx.doi.org/10.2519/jospt.2008.2790
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24072370&dopt=Abstract
http://dx.doi.org/10.7547/1030405
http://dx.doi.org/10.7547/1030405
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2929306&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2929306&dopt=Abstract
http://dx.doi.org/10.3109/17453678909150103
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25514272&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25514272&dopt=Abstract
http://dx.doi.org/10.7547/8750-7315-104.6.601
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10664484&dopt=Abstract
http://dx.doi.org/10.1016/S0966-6362(99)00042-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15531173&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15531173&dopt=Abstract
http://dx.doi.org/10.1016/j.gaitpost.2003.10.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11934426&dopt=Abstract
http://dx.doi.org/10.1016/S0021-9290(01)00222-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2795325&dopt=Abstract
http://dx.doi.org/10.1002/jor.1100070611
http://dx.doi.org/10.1002/jor.1100070611
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17118893&dopt=Abstract
http://dx.doi.org/10.1080/09593980600927385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8066110&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8421719&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14129684&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16282579&dopt=Abstract
http://dx.doi.org/10.1177/0363546505281241
http://dx.doi.org/10.1177/0363546505281241
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21212014&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21212014&dopt=Abstract
http://dx.doi.org/10.1016/j.math.2010.10.009

