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Abstract

Use of barefoot orthotic device does not inhibit barefoot walking or running gait adaptations. Foot orthotics are in-shoe devices that aim alter

the magnitude and timing of forces that act on the plantar foot to decrease pathologic forces and improve lower extremity function. There are clear
benefits of orthotic use in footwear, but also benefits of the barefoot gait. Recently the barefoot orthotic (Stand Strong®) was designed as a modality
that allows the benefits of enhanced sensory feedback associated with barefoot gait, while providing the mechanical stability of an orthotic. Gait
kinematics and kinetics were analyzed as 12 healthy runners performed 10 over-ground trials of running and walking in running shoes (SHOD),
barefoot (BF), and while wearing the barefoot orthotics (BF ORTHO). Kinematic data was obtained with a 3D motion analysis system and was
captured in sync with ground reaction force (GRF) data as subjects ran and walked across a runway with embedded force plate. There were no
significant differences between the BF and BF ORTHO conditions in terms of walking and running kinematics or kinetics, indicating that the barefoot
orthotic does not interfere with the natural barefoot gait. Consistent with previous research, subjects exhibited decreased stride lengths and reduced

GRFs in the BF and BF ORTHO conditions when walking and running.
Keywords: Barefoot Walking; Barefoot Running; Orthotic; Gait

Introduction

Numerous pathologies including genetic, traumatic,
biomechanical and inflammatory conditions can affect the
foot leading to pain and dysfunction. In addition to pain, foot
pathologies can have broader implications including gait alteration
and functional limitation. Foot pathology can lead to a reduced
ability to walk and stand efficiently and effectively. The end result
of foot problems can be decreased ability or inability for a person
to carry out tasks related to activities of daily living, work and / or

recreation.

Foot orthotics are in-shoe medical devices that are designed
to alter both the magnitude and timing of forces that act on
the plantar foot. These devices aim to improve foot and lower

@ @ This work is licensed under Creative Commons Attribution 4.0 License |A]SSM.MS.ID.000520

extremity function and decrease pathologic forces that act on the
foot and lower extremity [1]. Based on the tissue stress theory, foot
orthotics address foot pathomechanics by decreasing pathologic
stress to the foot and lower extremity tissues allowing for both
injury prevention and rehabilitation of injured tissues [2]. Foot
orthotics have been shown to be a successful treatment modality
for several lower extremity pathologies including plantar fasciitis
[3,4], patellofemoral pain [5], chronic ankle instability [6] and
medial knee osteoarthritis [7,8]. Orthotics offer a minimally
invasive modality to treat foot pathologies as well as to improve
patient function.

While there are clear benefits of orthotic use in footwear,
there are also demonstrated benefits of barefoot gait. The barefoot
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condition has been associated with increased sensory feedback,
which leads to gait adaptations that have been shown to have
benefits in clinical conditions, as well as resulting in biomechanical
alterations that may impact injury prognosis and incidence [9]. In
terms of clinical implications, barefoot gait adaptations have been
associated with decreased hip and knee loading in osteoarthritis
patients [10] and a reduction in lateral ankle sprains [11].
Furthermore, the most consistent gait changes observed with
barefoot running are decreased stride length and a fore/mid foot
strike pattern [12,13]. Decreasing stride length in running has
been shown to reduce ground reaction forces (GRFs) [14,15], joint
moments [16], impact accelerations [17], and leg stiffness [18], all
factors that have been associated with increased risk of developing
overuse injuries. Additionally, barefoot running and minimalist
footwear running have been associated with greater activation and

strengthening of the intrinsic foot musculature [19,20].

Recently the barefoot orthotic (Hozhoni Balance Rail®,
Hozhoni Health Services) was designed as a modality that allows
for the benefits of enhanced sensory feedback associated with
barefoot gait, but also provides the mechanical stability of an
orthotic. The barefoot orthotic attaches to the plantar surface of
the foot via a self-adhering, washable material. The design of the
Barefoot Orthotic consists of a 1) cuboid pad that stimulates the
peroneus longus, helps to plantarflex the first ray and supports the
midfoot; 2) balance rail that enhances proprioception and improves
pronation and supination misalignments and 3) metatarsal
support that decreases loading on the lesser metatarsals (Figure
1). Additionally, the barefoot orthotic is made of a durometer gel
material that is stated to provide shock absorption and viscoelastic
recoil [21].

o
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Figure 1: Hozhoni Balance Rail® barefoot orthotic.
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The development of the barefoot orthotic opens the possibility
of maintaining the benefits of the barefoot gait, while allowing
for the benefits of orthotic intervention. In order to determine
the effectiveness of the barefoot orthotic, it is important to first
determine if the barefoot orthotic does or does not interfere with
barefoot walking and running adaptations. Therefore, the purpose
of the present study was to determine if the commonly observed
barefoot gait adaptations were observed in walking and running
with the barefoot orthotic.

Methods

Participants: Twelve healthy, physically active, adults
participated in this study (7 men and 5 women, age: 25 #* 3.8 yr;
height: 1.58 * 0.15 m; mass: 68.1 * 8.9 kg). All participants were
habitually shod rearfoot strike runners, performed a minimum of
30 minutes of physical activity at least 5 days a week and had no
recent or persisting leg or back injuries. The Fort Lewis College
Institutional Review Board approved the protocol for this study.

Procedures: Gait kinematics and kinetics were analyzed as
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participants ran and walked in running shoes (SHOD), barefoot
(BF), and while wearing the barefoot orthotics (BF ORTHO). For
the SHOD condition participants ran and walked in their personal
footwear. All participants ran in traditional running shoes, which
was defined as a minimum forefoot stack height 15 mm, rearfoot
stack height of 25 mm and 12 mm heel-toe drop. Barefoot orthotics
were provided for the BF ORTHO condition, the orthotics were fit
and placed according to manufacturer recommendations. Before
testing and following a change in footwear (e.g. changing from BF to
SHOD), subjects performed a minimum of 5 min of easy running or
walking in order to warm up and become familiar with the runway
set-up and condition. Subjects were instructed to run and walk in
their preferred manner (i.e., self-selected stride length, footstrike
position and velocity). Subjects performed 10 trials of walking
and 10 trials of running for each footwear condition (SHOD, BF,
BF ORTHO). Three strides from each of the ten trials, in which the
subject contacted the force plate, were used to calculate participant
mean data for each condition. Trials in which velocity or stride
length differed by >5% were excluded from analysis.
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Kinetics: GRF data was captured as subjects ran over a 20 m
runway with a force plate (AMTI, Waterton, MA) located at 15 m.
The three orthogonal components of the GRF data [vertical (vGRF),
anterior-posterior GRF (apGRF), and medio-lateral GRF (mIGRF)]
were captured at 1000 Hz and low-pass filtered at 30 Hz using a
second-order Butterworth filter.

Kinematics: Kinematic data was obtained via a 3-dimensional
motion analysis system. Participant’s height, weight, leg lengths,
and widths of the ankles and knees were measured for appropriate
anthropometric scaling. Sixteen retro-reflective markers were
attached with double-sided tape to specific anatomical landmarks
according to the Modified Helen Hayes Marker Set [22]. Markers
were placed bilaterally on the anterior and posterior superior iliac
spines, lateral mid-thigh, lateral femoral epicondyle, lateral mid-
shank, lateral malleolus, second metatarsal head and calcaneus.
For the SHOD condition, calcaneus and metatarsal head markers
were placed on the shoes at the positions overlying the anatomical
landmarks. Three-dimensional marker positions were captured at
250 Hz via a Vicon Bonita motion analysis system (Vicon, Oxford
Metrics Ltd., UK). Marker trajectory data were filtered via a Woltring
filtering routine with predicted mean square error of 4 mmz2. Vicon
Plug-In Gait was used to calculate 3D joint angles for the ankle, knee
and hip. Stride length was measured as the distance between right
and left heel marker minima. Velocity was calculated as the average
of the anterior superior iliac spine markers horizontal displacement
through the capture volume divided by the corresponding time.

Statistical Analysis: Statistical differences in Kkinetic and
kinematic parameters between the SHOD, BF and BF ORTHO
conditions for both walking and running were analyzed using

Table 1: Stride length and velocity for walking and running.

repeated measures ANOVA tests conducted in SPSS Version 23
(IBM, Armonk, NY). For significant effects post hoc Bonferroni
pairwise, comparisons were performed to determine which
conditions were significantly different. Statistical significance was
defined as p<0.05.

Results

There were no significant differences between the BF and BF
ORTHO conditions in terms of stride length, velocity (Table 1),
kinematics (Table 2), or kinetics (Table 3) in either walking or
running, indicating that the barefoot orthotic does not interfere
with the natural barefoot gait. Consistent with previous research,
subjects exhibited decreased stride lengths in the BF and BF ORTHO
conditions, as compared to the SHOD condition when walking and
running (p = 0.10, Table 1). Velocity did not differ across the three
conditions for either walking or running (p = 0.25, Table 1).

The BF and BF ORTHO conditions were associated with
reduced peak vGRFs and apGRFs in both walking and running
(Table 2). There were no differences in the peak mIGRF across the
three conditions for either walking or running (p = 0.31, Table 2).
Participants exhibited a more plantarflexed position at ground
contactwhenrunningin the BF and BF ORTHO conditions, indicating
the adoption of a fore/mid foot strike pattern, as compared to SHOD
running, which was associated with a heel strike pattern (Table 3).
Additionally, when running, participants exhibited greater peak
sagittal plane hip angles in the SHOD condition (p = 0.03 vs. BF and
p = 0.025 vs BF ORTHO). For walking there were no differences
in ankle kinematics at ground contact across the three conditions,
with positive values for sagittal plane ankle angle indicating a heel
strike pattern in all conditions (p = 0.19, Table 3).

Stride Length (m) 1.54 (0.17)** 1.38 (0.20)¢

1.43 (0.19)° 2.16 (0.31)* 1.98 (0.27)° 2.06 (0.30)°

Velocity (m/s) 1.39 (0.19) 1.43 (0.21)

1.41 (0.17) 2.71 (0.29) 2.68 (0.36) 2.69 (0.32)

Data are reported as mean (standard deviation). The letter a indicates a significant difference to BF, b indicates a significant difference to BF OR-

THO, and c indicates a significant difference to SHOD (p < 0.05).

Table 2: Peak ground reaction forces for walking and running.

VGRF (BW) 1.29 (0.11) 1.16 (0.10)° 1.19 (0.12)° 2.48 (0.22)* 2.29 (0.26)° 2.27 (0.21)¢
apGRF (BW) 0.24 (0.06)* 0.19 (0.06)° 0.17 (0.08)° 0.39 (0.07)* 0.33 (0.06)° 0.34 (0.09)°
mIGRF (BW) 0.05 (0.04) 0.04 (0.05) 0.04 (0.03) 0.09 (0.03) 0.07 (0.05) 0.07 (0.04)

Data are reported as mean (standard deviation). The letter a indicates a significant difference to BF, b indicates a significant difference to BF OR-

THO, and c indicates a significant difference to SHOD (p < 0.05). BW = body weight.
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Table 3: Lower extremity joint angles at ground contact and peak values for walking and running.

Sagittal
At Contact 6.1 (5.9) 6.3 (6.0) 6.1 (5.9) 8.1 (6.1)* -11.3 (7.4)° -10.9 (6.9)¢
+ dorsiflexion
- plantar flexion Peak 15.0 (6.1) 14.8 (6.7) 14.9 (7.1) 289 (5.8) 30.2 (6.0) 29.7 (7.3)
Frontal
2 At Contact 0.9 (5.8) 1.3 (6.1) 1.5(7.2) -1.8 (4.2) 1.9 (5.3) 2.0 (6.2)
= +adduction
<
- abduction Peak 5.5(6.3) 7.0 (6.8) 6.9 (5.8) 8.8(5.1) 9.5 (4.9) 9.1(5.2)
Transverse
At Contact -3.7 (9.4) -2.9 (11.0) -6.7 (10.3) -2.9 (11.8) -6.5(10.4) | -7.2(12.1)
+ internal rotation
- external rotation Peak 2.5(9.7) 2.1(8.9) 1.9(9.3) 3.4 (11.4) 3.2(12.3) 3.0 (11.6)
Sagittal
At Contact 3.4 (5.9) 3.2(6.1) 3.3(5.8) 5.6 (6.1) 6.8 (7.0) 6.4 (6.9)
+ flexion
- extension Peak 16.2 (8.3) 17.1(8.0) 16.8 (7.7) 35.3(5.5) 34.9 (4.9) 35.0 (6.2)
Frontal
§ +varus At Contact 2.6 (3.7) 3.3 (4.9) 3.5(5.0) 4.8 (5.9) 5.3(6.2) 5.6(7.1)
4
- valgus Peak 11.1(8.3) 8.2 (9.0) 9.2 (10.1) 17.3 (10.1) 18.2 (9.9) 17.9 (10.5)
Transverse
At Contact -17.8 (8.8) -20.1 (10.2) -19.3 (9.6) -25.6 (14.8) -24.9 (15.1) | -23.3(13.8)
+ internal rotation
- external rotation Peak 19(7.2) 1.8 (6.7) 2.0 (7.7) 2.2 (8.0) 3.7 (6.9) 3.2(7.5)
Sagittal
At Contact 28.4 (9.5) 27.1(8.7) 28.1(9.9) 34.5(10.6) 33.9(10.3) 34.6 (11.2)
+ flexion
- extension Peak 29.1(8.9) 27.3(9.0) 28.7 (8.6) 40.1 (11.3) 36.4(10.8)° | 34.1(12.0)°
Frontal
a - At Contact -2.8(8.0) -3.0(8.3) -3.3(7.9) 4.4 (5.8) 3.5(6.1) 4.1(7.1)
= + adduction
- abduction Peak 5.6 (6.7) 52(7.1) 5.1(7.0) 5.9 (7.8) 5.3 (6.4) 4.8 (6.9)
Transverse
At Contact -1.5(5.2) -1.0 (6.1) -1.7 (5.7) -3.8(5.7) -2.3(6.5) -2.1(5.3)
+ internal rotation
- external rotation Peak 3.8 (4.5) 3.1(3.9) 4.0 (3.8) 6.3 (3.9) 5.1(4.2) 7.2 (4.6)

Data are reported as mean (standard deviation). Significant differences are indicated in bold. The letter a indicates a significant difference to BF, b

indicates a significant difference to BF ORTHO, and c indicates a significant difference to SHOD (p < 0.05).

Discussion

The aim of this study was to determine if the commonly
observed barefoot gait adaptations were also found when walking
and running with the barefoot orthotic. We found no difference
between the BF and BF ORTHO conditions in terms of gait kinematics
or kinetics in both walking and running, which suggests that the
barefoot orthotic does not interfere with barefoot gait adaptations.
We did observe significant differences between both the BF and BF
ORTHO conditions and the SHOD condition in terms of stride length
and GRFs for both walking and running. Further, when running
in the SHOD condition, participants exhibited greater peak hip
extension, which is likely associated with the longer stride length
in the SHOD condition. These results are consistent with previous
research comparing barefoot and shod running and walking that

have shown that the barefoot condition results in reduced stride
length [23]. Our finding of a more plantar flexed position at ground
contact when running in the BF and BF ORTHO conditions also
agrees with previous literature [24]. However, contrary to previous
research [25-28], we did not observe a significant change in ankle
joint plantarflexion at ground contact when walking in the BF and
BF ORTHO conditions.

The design of the barefoot orthotic allows for cutaneous sensory
feedback from the toes, midfoot and heel, which allows for sensory-
triggered barefoot gait adaptations. Compared to barefoot running,
shod running is thought to decrease cutaneous feedback from the
plantar surface of the foot [29] resulting in increased stride length
and a rearfoot strike gait pattern at heel contact [30]. The enhanced
sensory feedback associated with barefoot running has been found
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to promote a mid/fore foot strike gait pattern, which is thought to
resultin a shorter stride length and reduced impact loading [30,31].
The similar gait adaptations of reduced stride length [23,32-34],
and a plantarflexed ankle position at ground contact [25-28] that
are observed in barefoot walking, suggests that these alterations
are also sensory mediated. The results of the present study show
that the barefoot gait adaptations remain when walking or running
with the barefoot orthotic, which indicates that the orthotic does
not interfere with the natural barefoot gait. Thus, the barefoot
orthotic has the potential to provide therapeutic benefits of an
orthotic, while at the same time allowing for the sensory-triggered
adaptations associated with the barefoot gait.

The gait adaptations that occurred with both the BF and BF
ORTHO conditions may have implications for injury. Specifically,
the barefoot orthotic was associated with a more plantarflexed foot
position at ground contact in running, which may be associated with
a lower incidence of running related injuries. Up to 89% of runners
wearing traditional running shoes, which include a cushioned
and elevated heel, land with a rearfoot strike [12, 13], while most
barefoot runners land with a fore/mid foot strike pattern [12,13].
A rearfoot strike gait has been associated with higher injury rates
in runners [35], whereas there is evidence to suggest that adopting
a forefoot strike gait pattern has the potential to lower injury risk
[36]. Further, several studies have found increased impact loading
to be associated with common running injuries [37-39]. Although
impact loading was not evaluated in the present study, the finding
that barefoot gait adaptations remained in the BF ORTHO condition
is highly suggestive that use of the barefoot orthotic would reduce
impact loading.

Orthotics are historically an in-shoe medical device that works
by controlling abnormal foot mechanics in order to treat or prevent
musculoskeletal injuries. The barefoot orthotic takes a novel
approach toward orthotic use by adhering to the bottom of the
foot. This innovative approach allows for the orthotic to be used
in different types of footwear or even while barefoot. While the
effectiveness of the barefoot orthotic to treat pathological conditions
of the foot was not evaluated in the present study, previous research
has shown that foot orthotics function by improving dynamic
stability of the foot and reducing abnormal pronation during the
stance phase of gait. Orthotics have been shown to evoke numerous
gait changes in both running and walking. For running, orthotic
use has been shown to reduce abnormal pronation [40-43], with
decreases seen in both the maximum pronation angle and the time
period of pronation [42]. Additional gait changes seen with orthotic
use in running decreased maximum ankle dorsiflexion and knee
flexion during stance [40]. In terms of walking, orthotics have been
shown to reduce the degree of pronation throughout stance and
increase the duration of stance time [44]. The barefoot orthotic may
be able to capitalize on these benefits without requiring footwear
or limiting footwear options.

Shoe gear constraints can limit orthotic use and also prevent
orthotic users from gaining any of the benefits of barefoot gait.
The results of this study show that the barefoot orthotic does not
inhibit barefoot gait adaptations, allowing users to gain a forefoot
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strike pattern with shorter stride length and reduced GRFs, while
at the same time potentially affording the stabilizing and pronation
control benefits of an orthotic. The technology by which the barefoot
orthotic adheres to the bottom of the foot could serve as a base
for attaching any type of orthotic to the foot. This approach could
greatly improve patient compliance as patients are not restricted
to a specific type of footwear and can even use the orthotics while
barefoot.

The present study had several limitations. First, the testing
session of the present study was relatively short, and participants
did not continuously walk or run throughout the entire testing
session. Additionally, the trials were completed at a low intensity so
there was little perspiration. Future research should evaluate the
effectiveness of the barefoot orthotic for long-term use, particularly
at an intensity that results in perspiration as this may interfere
with skin adhesion. The present study aimed to simply determine
if the barefoot orthotic impeded the natural barefoot gait, whereas
orthotics are used as a treatment for clinical conditions. Thus,
future research should examine the effectiveness of the barefoot
orthotic in the treatment of clinical conditions of the foot and ankle.
Lastly, we examined the similarity to the barefoot condition, but the
barefootorthoticalso allows for novel application in non-supportive
shoe gear such as sandals. Further research is needed to determine

the effectiveness of the barefoot orthotic in such footwear.
Conclusion

In conclusion, barefoot gait adaptations remain with use of
the barefoot orthotic, indicating that it does not interfere with the
natural barefoot gait. Thus, the barefoot orthotic has the potential
for clinical use while barefoot or without supportive footwear.
Additionally, the skin-adhering property of the barefoot orthotic
could serve as a basis for attaching any type of orthotic to the
plantar surface of the foot.
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