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While colour of red can play a significant role in altering human perception and performances, little is known about its perceptual-
motor effect on running mechanics. This study examined the effects of variations in insole colours on impact forces, ankle
kinematics, and trial-to-trial reliability at various running speeds. Sixteen male recreational runners ran on instrumented
treadmill at slow (90%), preferred (100%), and fast (110%) running speeds when wearing insoles in red, blue, and white colours.
We used synchronized force platform and motion capturing system to measure ground reaction force, ankle sagittal and frontal
kinematics, and movement variability. A two-way (colour x speed) ANOVA with repeated measures was performed with
Bonferroni adjusted post hoc comparisons, with alpha set at 0.05. Data analyses indicated that participants demonstrated higher
impact and maximum loading rate of ground reaction force, longer stride length, shorter contact time, and smaller touchdown
ankle inversion as well as larger ankle sagittal range of motion (RoM), but smaller frontal RoM in fast speed as compared with
preferred (P <0.05) and slow speeds (P <0.001). Although insole colour had minimal effect on mean values of any tested
variables (P >0.05), participants wearing red-coloured orthoses showed higher coeflicient of variation values for maximum
loading rate than wearing blue insoles (P = 0.009). These results suggest that running at faster speed would lead to higher impact
loading and altered lower-limb mechanics and that colour used on the tops of insoles influences the wearers’ movement re-
peatability, with implications for use of foot insole in running.

1. Introduction

Running is a recreational sport to improve health and fitness
as well as social influence. However, about 37-79% of the
runners in a given year were reported to experience running-
related injuries at lower extremity [1]. In general, lowering
impact loading and improving rearfoot stability have been
hypothesized to reduce the risk potentials [2-4]. Foot insoles
(or refer to shoe orthosis/inserts) are commonly prescribed
in sports community, as the insoles that contour foot plantar
surface are often used to improve comfort [5], reduce impact

loading [5, 6], and facilitate lower-limb mechanics and
upper extremity performances [6, 7].

While most of the insole studies have predominantly
investigated the effect of insole materials, hardness, or ge-
ometry in various sports [5-8], few studies have considered
how the colour of insoles influences running performances
[9]. Sportswear colour has been suggested to contribute to
human perception, injury potential, and sport performances
for its psychomotor influence [9-11]. Clinically, pre-
fabricated insoles often use colours to denote specific ma-
terial hardness for different populations and sports to
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increase the compliance of the patient wearing. It is reported
that sharp colours (e.g., red and orange) induced higher
perceived pain intensity than dark colours (e.g., black and
grey), resulting in poorer performances [12]. Specifically, red
colour is identified as the highest pain intensity in patients
with osteoarthritis [13]. However, the opposite effect is
evident in the context of sport domain and athlete pop-
ulation. Red colour has been suggested to correlate with
positive feelings such as aggressiveness, power, and domi-
nance [9, 11, 14] and can lead to better performances in
various combat sport situations [11, 15-17]. Akin to insole
study, participants wearing red would have impact on self-
predicted performance [18], greater leg strength [19], and
improved explosive motor performance [15], indicating a
psychomotor influence. It is questionable if wearing red-
coloured insoles may also enhance performance in non-
combat environment.

A recent study examined the insole colour effect in a
noncombat laboratory-based movement task [20], which
had healthy basketball players performing drop landing
from different heights in identical insoles with various
colours of top-cover. Although the insoles were made of
identical material and surface geometry, the participants
wearing red insoles would induce better perception of
forefoot and rearfoot cushioning and overall comfort as well
as smaller plantarflexion moment than the white insoles.
Given that the material and mechanical characteristics of the
tested insoles should have been identical [20], it seems
reasonable to conclude that the reported biomechanical
differences were due to psychological and/or physiological
factors associated with colour, even though the insoles used
are not visible/perceivable by wearers during the sport ac-
tivities [9]. Furthermore, researchers postulate that colour of
an athlete’s uniform influences their psychological func-
tioning and thus leads to changes in sports performance [21].
Running performance is influenced by running economy
which is significantly correlated with biomechanical vari-
ables [22]. There are researches lacking in the study of the
influence of colour on running biomechanics. Considering
the fact that running is a fundamental movement to any
sports, there is a practical value in further understanding the
effect of coloured insoles on running mechanics for large
population in running community.

As noted, while running speed is associated with vertical
ground reaction force, stride frequency, stride length, and
ankle kinematics [23], executing a preferred running speed
requires smaller effort and attention to maintain movement
reliability/stability than a faster or slower nonpreferred
speed [24]. Thus, the interplay effect between insole colour
and running speed on gait parameters and movement re-
liability is questionable and might shed light on the un-
derlying mechanism of the use of coloured insoles in
running. Hence, the purpose of this study was to examine
whether insole colour would influence spatial-temporal,
impact loading, ankle kinematics, and trial-to-trial reliability
when running at slow (90%), preferred (100%), and fast
(110%) speeds. We hypothesized that red insoles would alter
ankle mechanics and lower impact forces and trial-to-trial
reliability [e.g., lower coefficient of variation (CV)] [16].
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Such information would help coaches, sport scientists, and
athletes in understanding the effectiveness of coloured in-
soles across different speeds.

2. Materials and Methods

2.1. Insole Colour Conditions. Three identical insoles with
different top-surface colours (red, blue, and white) were built
and all insoles had arch-support based on the specification of
the off-the-shelf orthosis (sports arch-support series-Uni-
versal II, Dr. Kong Footwear Ltd, Hong Kong; Figure 1). To
minimise the potential influence by shoe constructions, all
insole conditions were fit and placed inside the identical
neutral running shoe (Li Ning ARBM181, Beijing, China).

2.2. Participants. A priori power analysis indicated that a
minimum number of 15 participants were required to obtain
a=0.05, effect size=0.80 large, and power =0.80. To avoid
potential dropouts, we recruited sixteen male recreational
runners (mean + standard deviation: age =25.2+4.9 years,
body height =1.70 + 2.31 m, body weight=70.4 + 4.1 kg) for
this study. Only the participants with normal foot arch were
included in this study, as they represented a broader pop-
ulation of recreational runners. Their arch index ranged
between 0.21 and 0.28 based on the standard arch index
method to categorize as normal arch [25]. Participants had
no lower extremity injuries motor, cognitive disorders, and
colour blindness in the past 6 months prior to the study. The
colour blindness was checked using the Ishihara Colour
Blindness test [20, 26]. The study was conducted in accor-
dance with the Declaration of Helsinki and the procedure
was approved by the Ethics Committee of Li Ning Sports
Science Research Center (approval number: IRB-2017-
BMO016) on 10 September 2017.

2.3. Experimental Procedures. All participants included in
this study were fully informed and debriefed forms were
signed before and after the study, respectively. A debriefing
form was necessary since the study objective was not fully
disclosed in the informed consent to avoid bias associated
with knowledge of colour manipulation, as previously re-
ported [20]. To avoid any environmental changes that lead to
biasness of colour perception, the same lighting was con-
trolled in the biomechanical laboratory across participants
[20].

Using a within-study design, participants were
instructed to run with three coloured insoles (red, blue, and
white) at slow (90%), preferred (100%), and fast (110%)
speeds on the instrumented treadmill (Bertec Corp., Co-
lumbus, Ohio, USA). The running speed was selected in
accordance with the previous study [8]. After anthropo-
metric measurements were taken, participants were allowed
to perform a 15-min self-administrative warm-up on the
treadmill. The same experimenter placed reflective markers
(diameter 14 mm) over the following landmarks (Figure 2):
left and right ASIS and PSIS, medial and lateral femur
epicondyles, medial and lateral malleolus, three calcaneus
markers (posterior upper, lower, and lateral aspect of
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Ficure 1: Three coloured insole conditions.

FIGURE 2: Markerset placement.

calcaneus), two foot tracking markers (medial side of first
metatarsal head, upper side of second metatarsal head, and
lateral side of fifth metatarsal head), and two rigid clusters of
four markers that were attached onto the thigh and lower leg.
The malleolus and femoral epicondyles markers were cap-
tured during static trials and then removed during running
trials, as previously reported [8].

Participants were instructed to tighten their shoelaces
as they would perform for endurance runs. Individual
preferred speed was determined when the participants
reported a comfortable running speed across the increase
of treadmill speeds without seeing the exact speed, as
previously described [8, 24]. This preferred speed (100%,
2.51 £0.40 m/s) was used to determine the slow (90%,
2.26 £0.36 m/s) and fast speed (110%, 2.77 + 0.44 m/s) for
this study.

Prior to each running condition, the participants were
asked to gaze at the tested insole for 30 seconds to be
reminded of which insole colour was being worn. Then, the
participants ran for 1.5 minutes each condition and the last
10 consecutive steps were selected for further analysis [8].
Force plates (sampling at 1000 Hz) and 8-camera motion
analysis system (sampling at 200 Hz) were synchronized to

record ground reaction forces, spatial-temporal, and ankle
kinematic information. To ensure the reliability of ground
reaction force (GRF) data, the treadmill was calibrated and
checked in accordance with standard procedure before data
acquisition [27, 28]. A 5-min rest period was given for each
speed and insole condition, as previously reported [28]. The
order of insole and speed condition was randomly presented
across participants.

2.4. Data Processing. All marker trajectories were identified
and transferred into Visual3D software (C-Motion Inc.,
Ontario, Canada) to determine body segments and joint
kinematic variables, as previously used [8, 28]. A spline
interpolation was performed to fill any minor missing data
using three frames before and after the missing data. The
kinematics and GRF data were filtered using a fourth-order,
zero phase lag, Butterworth low path digital filter at cut-off
frequencies of 100 Hz and 50 Hz respectively, as previously
reported [3, 8]. The stance phase was identified from initial
contact to toe-off. The instant of initial foot-ground contact
and toe-oft were defined when the vertical GRF first went
above and below 20 N, respectively [8, 28]. Peak impact and
maximum loading rate of the vertical GRF, strike length, and
ankle kinematics (i.e., sagittal and coronal touchdown angle
and range of motion) were selected in this study as these
variables were of direct relevance to study foot insole and
running performance in accordance with previous studies
[3, 8, 23, 28].

2.5. Statistical Analysis. The group mean and coeflicient of
variation (CV) were calculated from the last 10 consecutive
running trials for statistical analyses (SPSS v22.0, Chicago,
IL, USA). Initial Shapiro-Wilk tests validated that all data
were normally distributed. When Mauchly’s test assumption
was violated, Greenhouse-Geisser’s epsilon adjustment was
used in all cases. The two-way (colour x speed) ANOVA with
repeated measures were performed to determine if there was
any significant interaction and main effect (P = 0.05) for
each variable. When any significant main effect was deter-
mined, the Bonferroni post hoc analyses were employed.
Effect sizes (Cohen’s d) were interpreted as follows: (i) small
if 0.2 <d < 0.5; (ii) medium if 0.5<d < 0.8; and (iii) large if
d>0.8 [29].



3. Results

3.1. Effect of Insole Colour on Footwear Cushioning and Ankle
Biomechanics. The ANOVA indicated the significant main
effect of speed on impact loading, spatial-temporal, and ankle
kinematics variables (P < 0.001), except ankle dorsiflexion at
touchdown (Table 1). No significant main effects of colour and
interaction were indicated. Participants with slow running
speed exhibited significant lower peak impact forces (2.22 BW)
than preferred (2.30 BW, P < 0.001, d = 0.31) and fast (2.35 BW,
P <0.001, d=0.48) speeds and also lower maximum loading
rate (93.06 BW/s) than preferred (101.35BW/s, P <0.001,
d=0.42) and fast (108.69 BW/s, P <0.001, d=0.67) speeds. In
addition, participants running at preferred speed (2.22 BW) led
to smaller peak impact force compared with the fast running
speed (2.35BW, P = 0.012, d=0.18).

For spatial-temporal parameters (Table 1), participants
with slow running speed demonstrated larger contact time
(0.29s) than the preferred (0.28s, P<0.001, d=0.73) and
fast (0.26s, P<0.001, d=1.25) speeds. However, the slow
running condition showed smaller stride length (1.63 m)
than preferred (1.78 m, P <0.001, d=0.91) and fast (1.94 m,
P <0.001, d=1.68) running speed conditions. The preferred
speed condition led to larger contact time (0.28 s, P < 0.001,
d=0.64) and smaller strike length (1.78m, P <0.001,
d=0.79) than the fast speed condition (contact time: 0.26 s;
strike length: 1.94 m).

For ankle kinematics parameters (Table 1), participants
with slow running speed demonstrated larger ankle inver-
sion at touchdown (2.05°) than in fast running speed (1.67°,
P =0.005, d=0.36) and it had smaller angle sagittal RoM
(29.71°) than preferred (30.76°, P = 0.005, d =0.33) and fast
(31.50°, P = 0.002, d=0.59) speed conditions. Additionally,
larger ankle frontal RoM was displayed in fast speed (10.34°)
compared with slow (9.20°, P < 0.001, d = 1.01) and preferred
(9.67°, P = 0.022, d=0.52) running speeds.

3.2. Effect of Insole Colour on Movement Variability. For
movement variability variables (Table 2), the ANOVA in-
dicated the significant main effect of colour on maximum
loading rate (P = 0.033) and main effect of speed on ankle
sagittal RoM (P = 0.038). Participants wearing red-colored
insoles experienced higher CV values for maximum loading
rate (14.08%) than wearing blue insoles (11.85%, P = 0.009,
d=1.23). Participants with slow running speed demon-
strated larger CV values for ankle sagittal RoM (8.06%)
compared with the preferred (6.89%, P = 0.027, d=0.82)
and fast (7.12%, P = 0.045, d =0.91) running speeds.

4, Discussion

While colour of red is often used to manipulate human
perception, compliance of using insoles, and competitive
sport performances [9-14], it is questionable whether red-
coloured insoles would be beneficial [11, 14] or have de-
teriorated [12, 13] effect on daily activities such as walking
and running that are fundamental to any sport movements.
This study sought to examine if the insole colour would
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influence impact forces, joint kinematics, and its trial-to-
trial reliability when running at slow (90%), preferred
(100%), and fast (110%) speeds. When running at faster
speeds, participants experienced higher impact loading,
longer stride length, shorter contact time, and smaller
touchdown ankle inversion as well as larger ankle sagittal
RoM but smaller frontal RoM when compared with slower
speeds. The higher GRF loading was associated with faster
running speeds, which is mostly consistent with the previous
literature [29]. The increased impact loading is hypothesized
to impose a higher risk potential of running-related injuries
[30]. A previous computational model study reported that
higher knee contact forces were found when participants
were walking/running at higher speeds [31]. Moreover, the
high loading rate could be associated with longer stride
length and/or higher step frequency at faster speeds. When
running at faster speeds, smaller initial ankle inversion at
touchdown could be related to smaller range of motion in
frontal plane. The larger ankle sagittal but smaller frontal
RoM could be attributed to the specific movement strategies
adapted to various running speeds [32].

On the basis that visual perception and motor perfor-
mance are intricately linked, red-coloured apparels might
have outperformed in different combat sport contexts
[11, 15-17]. Some previous studies also showed that wearing
red may increase lower-leg strength [19] and enhance the
force and velocity of motor output [14]. However, our results
did not show any significant differences among red, blue,
and white insoles for all tested variables in a noncompetitive
running task. This is consistent with the previous sportswear
colour study [18], which showed no actual soccer shooting
accuracy and lower-leg kicking power among red, blue, and
black bibs. However, this is not in line with the previous
insole colour study on landing task [20], which showed that
participants wearing red insoles would induce better
cushioning perception and smaller ankle plantar flexion
moment during landing when compared with the white-flat
insoles. One possible explanation is that the influence of
colour could be more effective when the participants are
looking at the colour stimulus (e.g., opponent’s outfit),
rather than the insoles that are covered and unseen by the
participants. Another explanation is that colour manipu-
lation is in a different relation to the performers themselves
when compared to their opponents [11]. Moreover, the
movement task tested (running versus landing) would be
one of the plausible explanations to cause the discrepancy of
colour effect across the colour insole studies. More im-
portantly, the influence and belief of colour could simply
reflect culture and sport-specific associations [33], which
explains contradictory findings across studies. While some
studies reported that participants/teams wearing red outfits
won more games than those wearing blue outfits in English
Premier League [34], no relationship between wearing red
uniforms and advantages can be found in Spanish League
[15]. Importantly, one plausible explanation is the partici-
pant belief in the effectiveness of the colour manipulation in
landing or running task. It has been reported that perfor-
mance benefits of footwear/equipment can be maximized
when one is confident with the proposed benefits of the worn
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TaBLE 1: Mean and SD of ground reaction force, spatiotemporal and joint angle variables by insole colour, and speed conditions.

ANOVA (P val
Variables Speed Red Blue White (P value) . Post hoc
Colour Speed Interaction

218 (0.28) 221 (0.26) 226 (0.31) 0140 <0.001* 0426 S<P,F;P<F
225(029)  2.32(0.27) 233 (0.29)
234 (029)  2.33(0.30)  2.38 (0.32)

91.22 (20.15)  92.65 (20.61) 95.31 (24.03) 0.285 <0.001*  0.774 S<P, F
96.75 (23.17) 100.58 (23.75) 106.73 (25.46)
106.62 (28.67) 107.74 (27.23) 111.72 (30.34)

0.30 (0.02)  0.29 (0.02)  0.29 (0.03)  0.556 <0.001*  0.177 S>P,F;P>F
0.28 (0.02) 028 (0.02)  0.27 (0.02)
0.26 (0.03)  0.26 (0.02)  0.26 (0.03)
161 (0.18)  1.60 (0.21)  1.67 (0.26) 0.562 <0.001*  0.784 S<P,F;P<F

S

P

F

S

P

F

S

P

F

S

P 177 (018)  1.77 (0.24)  1.81 (0.26)
F 1.93 (0.21) 191 (0.25)  1.97 (0.27)
S
P
F
S
P
F
S
P
F
S
P
F

Peak impact force (BW)

Max loading rate (BW/s)

Contact time (s)

Stride length (m)

598 (1047) 276 (2.35)  3.75(4.92) 0336 0.263 0.553 —
556 (10.21)  2.74 (2.38)  4.08 (3.80)

6.30 (10.49) 291 (2.66)  4.45 (3.75)

1.95 (2.11)  1.97 (2.18) 224 (213) 0617 0.003*  0.234 S>F
206 (1.75) 123 (2.65)  1.93 (2.10)

1.52 (2.03) 193 (2.10)  1.55 (2.04)

29.61 (3.84) 29.77 (3.32)  29.76 (2.86) 0.864 <0.001*  0.771 S<P, F
30.63 (3.64)  31.01 (4.57)  30.65 (3.15)

31.18 (3.37)  31.40 (3.86)  31.91 (3.12)

9.60 (2.56)  8.64 (2.00)  9.36 (227)  0.534 <0.001*  0.336 F>S, P
9.68 (2.85)  9.59 (247)  9.75 (2.03)

10.60 (2.77)  9.88 (2.95)  10.53 (2.68)

S, slow; P, preferred, and F, fast. *Indicating a significant effect, P <0.05. BW, bodyweight.

Ankle dorsiflexion at touchdown (°)

Ankle inversion at touchdown (°)

Ankle sagittal RoM ()

Ankle frontal RoM (°)

TaBLE 2: Coeflicient of variation (CV) of ground reaction force and spatiotemporal and joint angle variables by insole colour and speed
conditions.

ANOVA (P val
Variables Speed Red Blue White (P value) . Post hoc
Colour Speed Interaction

291 (1.26)  2.92 (0.92) 2.80 (1.08)  0.895 0.420  0.134

220 (0.89)  2.57 (0.78) 2.94 (1.46)

325 (2.58)  2.49 (0.89) 2.48 (0.71)

1426 (420)  11.74 (4.56) 1413 (5.06) 0.033* 0393  0.817  Red>blue
14.70 (5.82) 1198 (5.16)  13.18 (3.89)

1327 (5.34)  11.83 (3.90)  11.99 (3.18)

Peak impact force (%)

Max loading rate (%)

3.26 (1.63) 3.04 (1.27) 3.02 (2.28)  0.697  0.061 0.460 —
Contact time (%) 2.75 (0.85) 2.37 (1.24) 2.76 (0.82)

2.81 (0.92)  2.97 (1.64) 2.41 (0.88)

1.64 (0.68) 1.36 (0.57) 144 (0.73)  0.780  0.861 0.254 —
Stride length (%) 1.37 (0.37) 1.37 (0.59) 1.71 (0.84)

1.58 (1.41) 1.48 (0.60) 1.19 (0.43)

7.89 (3.38)  10.47 (5.44) 9.32 (475) 0208 0.652  0.959 —
8.87 (314)  8.85 (5.12) 8.50 (4.55)
8.94 (6.65)  7.38 (2.65) 10.00 (5.55)

55.00 (17.28) 109.19 (122.31) 64.67 (7511) 0570 0108  0.446 —
52.83 (23.10) 67.42 (60.17)  56.96 (32.80)
68.62 (43.70) 105.76 (134.26) 135.91 (226.86)

947 (3.36)  7.40 (2.77) 732 (3.50)  0.182 0.038*  0.144 S>P, F
701 (2.37)  6.82 (2.39) 6.83 (3.16)

7.03 (1.66)  8.09 (3.41) 6.23 (2.64)

16.54 (4.84) 1851 (6.82) 1813 (7.76)  0.643 0356  0.508 —
17.64 (7.31)  17.84 (8.39)  17.42 (6.07)

1751 (5.29) 17.48 (12.03)  14.41 (4.11)

S, slow; P, preferred; F, fast. *Indicating a significant effect, P <0.05.

Ankle dorsiflexion at touchdown (%)

Ankle inversion at touchdown (%)

Ankle sagittal RoM (%)

Ankle frontal RoM (%)

MY w MY wn|imydwn|imYdw| mdw|mYdwn|mYwvn | HYdwv




footwear [35]. Future study should examine the efficiency
and belief of insole colour in runners from different
countries before a viable conclusion can be made.

Concerning the intertrial reliability, our results revealed
that participants wearing red-coloured insoles experienced
higher CV values for maximum loading rate than wearing
blue insoles and that larger CV values for ankle sagittal RoM
were found in slow speed than the other two faster running
speeds. This is in line with the previous study, which in-
dicated that wearing red jersey would be able to show higher
CV values in participants in combat sports [19]. As the
previous studies reported that lower intertrial variability
during the early stance phase was related to the localised
mechanical stress on a body in running [36], higher CVs
found in red-coloured insoles might be related to the
benefits of lowering injury risk.

When interpreting our results, some limitations should
be considered. First, only male runners were recruited in this
study. The current findings may not be generalizable to
different gender and running levels. Females might have
caused greater influence by the appearance of footwear in
comparison to males, showing a larger discrimination be-
tween insole conditions. Second, we did not measure
comfort perception variables. Comfort perception has
sparked considerable interests to coaches and sports sci-
entists, as better perceived comfort was related to lower
incidence of sport injury [37], better running economy [38],
and impact attenuation [39]. Future study may investigate if
coloured insoles improve comfort, biomechanics, and per-
formance in running.

5. Conclusions

Compared with slower speeds, running at higher speed led
to higher impact loading, longer stride length, shorter
contact time, smaller touchdown ankle inversion, and larger
ankle sagittal RoM. Although the colour manipulation on
sport insoles has no to minimal influence on actual impact
loading, spatial-temporal, and ankle kinematics in recrea-
tional runners, participants wearing red-coloured insoles
would lead to higher CV value for maximum loading rates.
The significant findings in intertrial reliability could be
insightful, with an implication for motor control strategy in
the use of foot insole in running population.
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