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Abstract

Objectives: The purpose of this study was to compare lower limb mechanics and
muscle activation during walking at self-selected speed under three randomized conditions: 5°
medial rearfoot posting, 5° medial rearfoot and forefoot posting, and a control flat insole.
Methods: A cross-sectional, repeated measures study was conducted on 16 subjects without
major anatomical disorders, evaluating the kinematics, kinetics and muscle activation from the
lower limb and pelvis under 3 experimental conditions. Repeated Measures ANOVAs were
performed to compare conditions. Results: The medially posted conditions increased the knee
adduction impulse (p = 0.006). Significant reductions in muscle activity were noted for the
abductor hallucis (p <0.001) iEMG for both sets of medial posted foot orthoses. Conclusions:
Both foot orthoses compared to control insole, reduces foot pronation and hip internal rotation,
increases the knee adduction impulse and reduces the muscle activity of the Abductor Hallucis

during the stance phase of walking.
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Clinical Relevance statement: This study supports clinicians to intervene with medial wedges

under the rearfoot producing similar effects of interventions under the rearfoot together with



the forefoot and brings innovative information about the activation of the intrinsic muscles of

the foot during the use of insoles.



Introduction

Abnormal foot pronation has been linked with internal rotation of the shank which has
been associated with an increase in the forces and stresses applied to the lower limb and spine.!
This has been reported to be a contributing factor in the development of musculoskeletal
conditions such as medial tibial stress syndrome, chronic patellar tendinopathy and
patellofemoral pain.? Insoles are often prescribed to treat the previously mentioned
conditions*® employing a medial rearfoot posting aimed to reduce calcaneal eversion and tibial
rotation.”!!

Some authors have reported that not only the rearfoot influences foot pronation. This
movement is also influenced by the forefoot and, according to them, misalignments in this
segment would lead to increased and more prolonged pronation within the stance phase of
gait.''"1* However, little is described in the literature about the use of orthopedic insoles that
employ medial postings not only in the rearfoot but extending this medial wedge to the forefoot.
Elevating the feet in their entire medial aspect could enhance the reduction of foot pronation
and its duration throughout the gait cycle.

Whilst a range of kinetics and kinematic parameters for the lower limb and use of foot
orthoses is represented in the existing literature, limited information exists on the role of muscle
function. To date little or no information is available on the effect of foot orthoses on the
intrinsic muscles of the foot, which might help to explain the inconsistent findings with foot
orthoses.'*!® Therefore, a greater understanding of the effect of foot orthoses for individuals
with different FPI values is also required.

The purpose of this study was to determine if changes in lower limb kinematics, kinetics
and muscle activation occur during walking in volunteers without major anatomical disorders
in the foot and lower limbs, using three foot orthoses design. These included a 5° medial

rearfoot posting, a 5° medial rearfoot and forefoot posting and a flat foot orthosis (control).



The hypothesis of this study was that insoles with medial posting to the rearfoot and forefoot,
would promote a larger reduction in foot pronation and associated changes in the intrinsic
muscles of the foot, and therefore offer an enhanced control proximally to the knee and hip
joints.

Material and Methods

A cross-sectional, repeated measures study was conducted on sixteen healthy subjects
(10 males and 6 females) with a mean age of 25.7 years (SD 5.8), body mass of 71.7 kg (SD
10.6), height of 174.8 cm (SD 9.2) and mean BMI of 23.3 (SD 1.7) were recruited. All
participants were free of history of surgery and injuries to the lower limb and pelvis. The
volunteers signed an informed consent in accordance with the Declaration of Helsinki. This
study was approved by the Ethical Committee of the University of Central Lancashire (STEMH

385).

Kinematic and kinetic data were collected from the dominant lower limb and pelvis,
with the dominant limb being defined as the limb with which they would kick a ball.!” Six
repetitions of level walking on a 10 meter walkway at self-selected speed were performed under
three randomized conditions: control flat insole (C-insoles), a medial longitudinal arch support
with a 5° medial rearfoot posting insole (R insoles) and a medial longitudinal arch support with
a 5° medial forefoot and rearfoot posting (R/F insoles). The base of the insoles was pre-
fabricated with a standardized arch support and neutral heel (. The 5° posting material was
made from ethylene vinyl acetate (EVA) and was affixed under insoles using double side tape
(Figure 1). All volunteers wore a standardized shoe (Dr Comfort Winner Plus) differing only
in size. The insoles were not customized for each volunteer. The choice of size of the insole

was made taking into account the size of the footwear.

(Insert Figure 1 here)



Kinematic data were collected using a 10-cameras Oqus 7 system (Qualisys Medical
AB, Gothenburg, Sweden) at 100 Hz. Force data were collected using four AMTI force plates
(Advanced Mechanical Technology Inc, Watertown, MA) recording at 2000 Hz.
Electromyographic (EMG) data were obtained from the muscles of tibialis anterior (TA),
peroneus longus (PL), medial gastrocnemius (MG) and abductor hallucis (AH) using a Trigno
Wireless EMG system (Delsys Inc., Boston, MA) sampled at 2000 Hz. Standard Trigno
wireless sensors were used to collect data from TA, PL and MG muscles, and a Trigno Mini
wireless sensor was placed such that the data from AH could be collected inside the footwear

with minimal sensory disturbance (Figure 2).
(Insert Figure 2 here)

An initial assessment was conducted to measure: body mass, height and Foot Posture
Index (version 6) .'® For the EMG sensors, the skin was cleaned with alcohol wipes and the
standard EMG electrodes were positioned in accordance with the SENIAM guidelines and
fixed with double-sided adhesive skin interfaces. The abductor hallucis (AH) was palpated and
the mini electrodes were fixed with a double-sided adhesive skin interface and the connecting
wire was secured with Hyperfix. Passive retro-reflective markers were placed on the lower
limbs and pelvis using the Calibrated Anatomical System Technique allowing the segmental
kinematics being tracked in 6-degrees of freedom.!*?* Anatomical markers were positioned on
the anterior superior iliac spine, posterior superior iliac spine, greater trochanter, medial and
lateral femoral epicondyle, medial and lateral malleoli and over medial and lateral aspects of
1t and 5™ metatarsal respectively by the same experienced researcher. Additionally, clusters
of non-collinear markers were attached to the shank and thigh, and markers were also placed
over rearfoot, midfoot and forefoot aspects of the shoes for segment tracking purposes.'® Static

calibration trials were then obtained with the participant in the anatomical position. Each



subject was allowed an acclimation period for fifteen minutes walking each of the three

conditions.

For the kinematic, kinetic and EMG data the mean value from the six repetitions was
found. The kinematic parameters included the minimum, maximum and range of motion in the
sagittal, coronal and transverse plane motion at the forefoot, midfoot, ankle, knee and hip. The
kinetic parameters included peak ankle, knee and hip moments in all three planes. In addition,
the area under the moment graphs (impulse moment) was also calculated applying the
technique described by Jones el al (2013).2! Finally, the peak and integrated EMG (i(EMG)
values during stance phase from TA, PL, MG and AH were found. These were then normalized
to the maximal observed contraction during stance phase for each muscle using the technique

reported by Kellis and Baltzopoulos (1996) and Richards (2008).22%*

Raw kinematic, kinetic and EMG data were exported to Visual3D (C-Motion Inc.,
Germantown, USA). Kinematic and kinetic data were filtered using fourth order Butterworth
filters with cut off frequencies of 6 Hz and 25 Hz**, respectively. EMG data were zeroed, band-
pass filtered with a high-pass filter of 20 Hz and a low-pass filter of 500 Hz, full-wave rectified
and enveloped using a fourth-order low-pass Butterworth filter with a cut-off frequency of 25
Hz». The EMG data were normalized to the maximal dynamic contraction during the
movement.?? For all data time was normalized to 101 points from right heel strike to right heel

strike.

The distribution of the data values about the mean value of each kinematic and kinetic
variable was assessed using Shapiro—Wilk tests and the data found to be suitable for parametric
statistical testing. Repeated measures ANOV As with pairwise comparisons were performed to

compare between the 3 insole conditions. Bonferroni correction was used to account for



multiple comparisons and to reduce the possibility of type I errors. All statistical calculations

were conducted using SPSS v.22.0 (SPSS Inc., Chicago, USA), and the a level was set at 0.05.

Results

The ANOVAs showed significant differences in foot, ankle, knee and hip kinematics
between the conditions (Table 1). Further pairwise comparisons showed differences between
the conditions (Table 2). These showed significantly reduction in metatarsal to calcaneal
abduction and increase in metatarsal to calcaneal adduction, reduced ankle dorsiflexion and
increased knee flexion during stance, and a reduced hip internal rotation when wearing R and
R/F insoles compared to C insoles. Significantly reduced ankle eversion and ankle ROM in
coronal plane during stance, increased hip flexion at heel strike and increased hip external
rotation were seen using R/F insoles compared to C insoles. Significantly reduced metatarsal
to calcaneal internal rotation was observed using R insoles compared to C insoles. The only
significantly difference between intervention insoles was seen in the metatarsal to phalangeal
ROM in the sagittal plane where wearing R/F volunteers showed a reduced range of motion

compared to volunteers wearing R insoles (Table 2).

The ANOV As showed significant differences in foot, ankle, knee and hip kinetics and
Abductor Hallucis activity between the conditions (Table 1). Further pairwise comparisons
showed differences between the conditions (Table 3). These showed significantly greater knee
adduction moments during early and late stance, and knee adduction moment impulse when
using RF and R insoles compared with C insoles. Significantly greater hip external rotation
moment early stance were seen using RF and R insoles compared with C insoles, and
significantly lower Abductor Hallucis iEMG using RF and R insoles compared with C insoles.

The RF insole had a marginally lower knee adduction moment compared to R insole during



late stance, no other significant differences were seen between the R/F insoles and the R insole

(Table 3).
Discussion

The hypothesis of this study was that insoles with medial posting to the rearfoot and
forefoot, would promote a larger reduction in foot pronation and therefore offer an enhanced
control proximally to the knee and hip joints. Significant differences were seen with both the
rearfoot and rearfoot/forefoot insoles compared to the control insole. However, the present
study did not identify statistically significant differences in kinetics, kinematics or muscle
activation between the placement of the medial posting under the rearfoot compared to posting

positioned under the rearfoot and forefoot.

The motivation for this study came from recent findings suggesting that an metatarsal
to calcaneal external rotation in open kinetic chain can indicate an increased duration and
amplitude of pronation during the stance phase of the gait.!! Similar results have been found
during running where an increased forefoot to calcaneus angle at initial contact predicted an
increase of metatarsal to calcaneal internal rotation and eversion of the calcaneus.?® In addition,
increasing metatarsal to calcaneal internal rotation during gait through laterally posted sandals,
triggers an increase of eversion of the calcaneus and lower limb internal rotation when
compared to control flat sandals.!?> A possible explanation for not finding such differences
between the two types of intervention insoles could be related to the arch support that was
standardized for both the R/F insoles and R insoles, limiting the metatarsal to calcaneal internal
rotation even when wearing the R insoles. The reduced metatarsal to phalangeal range of
motion in the sagittal plane found when wearing the R/F insoles compared to the R insoles

could support this explanation.



Pronation is a complex triplanar movement of the foot which has contributions from
the forefoot, midfoot and rearfoot.! During the stance phase of the gait, pronation of the feet is
constituted of movements such as an increase of the eversion of the calcaneus, an increase of
the metatarsal to calcaneal abduction and an increase of the metatarsal to phalangeal

extension.?’

The peak of metatarsal to calcaneal abduction was found to be reduced and the peak of
metatarsal to calcaneal adduction was found to increase when wearing both R/F insoles and R
insoles indicating an increased supination of the foot. This is in agreement with previous work,
which has shown that wearing medial posted insoles reduced the maximum eversion of the
calcaneus during walking.?® These findings support the effect of medial posting and arch
support of the foot reducing components of foot pronation during stance phase, keeping the
foot in a more supinated position when compared with flat control insoles that allow movement

in the pronation direction.

Clinically, foot orthoses are prescribed to act as a mechanical barrier against over-
pronation in related problems located directly in the feet, such as plantar fasciitis, or to change
movement in proximal segments in case of patellofemoral pain.!* In addition, some authors
described the upward coupling mechanism transferring movements that occur in the foot to the
knee and pelvis.!>?’ In this study, we observed a compensatory mechanism in the sagittal plane
where a decrease in dorsiflexion due to effect of a the heel rise with the rearfoot orthosis

increased the knee and hip flexion.

An important finding of this study not previously described was the reduction of muscle
activity of the AH muscle wearing both types of orthoses. There was no direct contact with the
orthoses to the sensor and did not affect the quality or consistency of AH EMG data. The

reductions observed however, may be explained by the arch support and medial posting acting



together as a mechanical barrier against the pronation and holding the foot in a more supinated
position, providing support to the medial longitudinal arch and therefore reducing the amount
of muscle activity needed during stance phase. This is supported by the findings reported by
Jung et al. (2011) who investigated barefoot volunteers performing foot exercises.?’ Jung et al.
(2011) found that AH muscle activity was significantly reduced during seated position
compared to stance position which the authors related to the increased need to control pronation

and stabilize the plantar arch during weight bearing. 2’

Wearing R/F insoles and R insoles were found to reduce peak of hip internal rotation,
a greater peak of hip external rotation and increase external rotation moment of the hip during
stance phase. This finding could be explained by the supination of the foot being transferred as
an external rotation of the lower limb through the oblique angle of the subtalar joint.>
However, little or no published work exists exploring the use of medial or lateral posted insoles
to control transverse plane of motion of the hip.?!*? Unilateral over-pronation of the foot and
unilateral internal rotation of the hip can reduce the functional length of the lower limb and
promote a relative hemipelvis anteversion overloading structures of hip and lower back.!?**

Further studies are needed to evaluate the effect of insoles with medial posted insoles on

proximal pathologies located in the hip and pelvis.

Over-pronation coupled with the increased hip internal rotation are related to an
increase in dynamic knee valgus which can induce a lateralization of patella and can lead to
patellofemoral pain.>**° In this study, besides the reduction of lower limb internal rotation, it
was found that both foot orthoses increased knee adduction impulse in the coronal plane
suggesting a reduction of the knee dynamic valgus and a medialization of the ground reaction
force vector. This finding suggests the need for further work exploring the use of this type of

foot orthotics in patients with patellofemoral pain who over-pronate.



There are some limitations of this study, the first of which focussed on classification of
foot posture using the FPI. Whilst the FPI has not been shown to be influenced by gender, the
mean FPI for the subjects in this study was +5 which is rated in the category as ‘normal’ (0 —
5+) and slightly pronated.'® This may have reduced the influence of the posting on foot function
and lower limb function of subjects without major anatomical disorders. Nevertheless, the
findings do suggest that the medially posting changed function of the lower limb. Both
conditions made significant changes in the knee and hip mechanics, but these changes were not
observed between the two orthoses. Therefore, from a clinical perspective, to maximize
comfort in the footwear and reduce bulk of a foot orthoses with posting, control to the rearfoot

would be sufficient to produce biomechanical changes.

The magnitude of the changes seen may be considered to be below the threshold of a
clinical important change, however these changes should be considered in the context of the
intervention, in this case a 5° medial forefoot and a 5° medial forefoot and rearfoot posting.
Our findings are supported by previous studies which have found small but potentially
clinically important differences in foot kinematics between patellofemoral patients and healthy
control, ranging from 1 to 2 degrees, with associated changes in knee kinetics when using foot
orthoses.!® This in turn supports previously reported clinical responses when wearing foot
orthoses seen by Barton et al. (2011).!"> However further work is required to consider the
changes in kinematics and kinetics when wearing different designs of foot orthoses with respect

to changes in clinical outcomes.
Conclusions

Both foot orthoses, R/F and R insoles compared to control insole, reduces foot

pronation and hip internal rotation, increases the knee adduction impulse and reduces the



muscle activity of the Abductor Hallucis during the stance phase of walking of subjects without

major anatomical disorders in the foot and lower limbs.
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