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ABSTRACT

Purpose. The aim of the current investigation was to examine the effects of different footwear on the kinetics and kinematics
of performing a 180° cutting manoeuvre.

Methods. Nine male participants performed maximal 180° cut movements in court shoes, minimalist footwear, energy return,
and conventional running shoes. Lower limb kinematic data were collected with the use of an 8 camera motion capture system,
ground reaction forces were quantified with an embedded force platform, and tibial accelerations were obtained by means of an
accelerometer. Differences in kinetics and kinematics between footwear were examined by one-way repeated measures ANOVA.
Results. The results showed that both instantaneous loading rate and peak tibial acceleration were significantly larger in the
minimalist (282.91 BW/s and 6.38 g) and court (326.67 BW/s and 6.35 g) footwear compared with the conventional (143.19
BW/s and 5.46 g) and energy return (106.14 BW/s and 4.98 g) footwear. In addition, peak inversion was revealed to be significantly
larger in the minimalist (16.36°) than in conventional (11.86°), court (12.61°), and energy return (10.12°) footwear.
Conclusions. These findings indicate that minimalist and court footwear may place athletes at increased risk from injury when
performing 180° cut movements.
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Introduction The attenuation of impact loading and the promotion

of lateral stability are the two most important footwear
mechanisms that are required by athletes who are in-
volved in court sports [6]. Typically, athletes involved in
court sports utilize either court specific footwear or run-
ning shoes. Court footwear is characterized by construc-
tion features aimed at maximizing lateral support sta-
bility. Running shoes now vary considerably and may
include conventional cushioned running footwear, mini-

There is a significant amount of literature which has
examined the mechanics of linear velocity using straight-
line movements. However, linear sprinting is not eco-
logically related to the majority of athletic disciplines,
particularly court sports [1]. Court sports involve a range
of different activities which typically include running,
jumping, and rapid changes of direction (cutting moves)

[2]. The ability to change direction is essential for suc-
cessful performance within multidirectional court sports,
providing athletes with a mechanism to gain positional
advantage on the court [3].

Previously published work evaluating change of di-
rection activities is limited. However, it has been noted
that change of direction tasks place high stresses upon
the lower extremity [4], meaning that the potential for
injury is high. The goal of athletic footwear for court based
activities is to improve performance and to protect par-
ticipants from injuries. Athletic footwear with appro-
priate mechanical characteristics has been proposed as
a mechanism by which injury risk can be controlled [5].

malist footwear which features minimal midsole cushion-
ing and a negligible heel to toe drop, and energy return
footwear utilizing a thermoplastic polyurethane midsole
designed to reduce the amount of energy loss associat-
ed with each foot contact [7].

The effects of different footwear on change of direc-
tion tasks have received comparatively little research
attention in relation to linear running, and thus there
is a lack of scientific consensus regarding the most appro-
priate shoes for court sports. Therefore, a range of differ-
ent footwear are currently used for court based activities
[8]. Sinclair et al. [9] investigated the effects of minimalist
and court specific footwear on the kinetics and kinematics
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of a 45° cut task. Their findings showed that minimalist
footwear was associated with significantly larger im-
pact loading parameters in comparison with the court
specific condition. Similarly, Sinclair et al. [10] examined
the influence of minimalist and court footwear on the
loads experienced by the patellofemoral joint and Achilles
tendon during a 45° cut movement. The results of this
study proved that the forces experienced by the patel-
lofemoral joint were reduced in minimalist footwear but
the loads borne by the Achilles tendon were correspond-
ingly increased. Stacoff et al. [11] investigated the effects
of performing cutting movements whilst barefoot and
in five prototype shoes. The findings showed that lateral
stability was significantly improved in the barefoot con-
dition. There is currently no published information re-
lating to the effects of different footwear on the biome-
chanics of 180° cut movements.

Therefore, the aim of the present investigation was to
examine the effects of court shoes, minimalist footwear,
energy return footwear, and conventional running shoes
on the kinetics and kinematics of performing a 180° cut-
ting manoeuvre. Research of this nature may provide
important new information to athletes regarding the se-
lection of appropriate footwear for court based activities.

Material and methods
Participants

Nine male participants volunteered to take part in
this study. All participants were competitive athletes who
performed the experimental movement regularly and
were recruited from university level sports teams.

The mean characteristics of the participants were:
age 24.55 + 2.77 years, height 177.22 + 5.37 ¢cm, and
body mass 73.67 + 7.05 kg. All were free from lower ex-
tremity pathology at the time of data collection and pro-
vided written informed consent in accordance with the
Declaration of Helsinki. The procedure was approved by
the University ethics committee.

Procedure

Participants were instructed to perform maximal
shuttle run cutting manoeuvres whilst striking an em-
bedded force platform (Kistler, Kistler Instruments Ltd.,
Alton, Hampshire; length, width, height = 0.6 x 0.4 x
0 m) with their right (dominant) foot [12]. Limb domi-
nance was assessed qualitatively by asking participants
which foot they would utilize to kick a ball. The force plat-
form sampled at 1000 Hz. Participants commenced their
trials from 6 m away from the force platform, which was
delineated with a masking tape [9]. This distance was
selected as being approximately half the width of a tennis
court and the full width of a squash court, which was
deemed to be typical of the distances that court players
may be expected to run and then change direction. The
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stance phase was delineated as the duration over which
> 20 N of vertical force was applied to the force plat-
form [13]. Five successful trials were obtained in each
footwear condition. A successful trial was defined as
one in which the foot made full contact with the force
platform and there was no evidence of gait modifica-
tions due to the experimental conditions. The order in
which participants performed in each footwear condi-
tion was counterbalanced. To ensure that participants
utilized a similar approach speed in each of the experi-
mental footwear, the linear velocity of the anterior su-
perior iliac spines markers were quantified. The approach
velocity during the first trial was calculated and a maxi-
mum deviation of 5% from this velocity allowed.
Kinematics and ground reaction force information
was synchronously collected. Kinematic data were cap-
tured at 250 Hz via an 8 camera motion analysis system
(Qualisys Medical AB, Goteborg, Sweden). Lower extremity
segments were modelled in 6 degrees of freedom with
the use of the calibrated anatomical systems technique
[14]. To define the segment co-ordinate axes of the right
foot, shank and thigh, retroreflective markers were
placed unilaterally onto the 1% metatarsal, 5 metatarsal,
calcaneus, medial and lateral malleoli, medial and lateral
epicondyles of the femur. To define the pelvis segment,
further markers were positioned onto the anterior (ASIS)
and posterior (PSIS) superior iliac spines. Carbon fibre
tracking clusters were positioned onto the shank and
thigh segments. The foot was tracked with the 1* met-
atarsal, 5" metatarsal, and calcaneus markers, and the
pelvis with the ASIS and PSIS markers. The centres of the
ankle and knee joints were delineated as the mid-point

Figure 1. Lower body segments, with segment co-ordinate
system axes. P — pelvis, S — shank, T - tibia, F - foot
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between the malleoli and femoral epicondyle markers
[15, 16], whereas the hip joint centre was obtained
with the positions of the ASIS markers [17]. Static cal-
ibration trials (not normalized to static trial posture)
were performed in each footwear, allowing for the
anatomical markers to be referenced in relation to the
tracking markers/clusters. The Z (transverse) axis was
oriented vertically from the distal segment end to the
proximal segment end. The Y (coronal) axis was oriented
in the segment from posterior to anterior. Finally, the X
(sagittal) axis was determined with the right hand rule
and was oriented from medial to lateral (Figure 1).

To measure distal accelerations at the tibia, an ac-
celerometer (Biometrics ACL 300, Gwent, United King-
dom) sampling at 1000 Hz was used. The accelerometer
was attached onto a piece of lightweight carbon-fibre
material in accordance with the protocol outlined by
Sinclair et al. [18]. The tibial accelerometer was strapped
securely to the distal anterior medial aspect of the tibia
in alignment with its longitudinal axis 0.08 m above the
medial malleolus [19]. Strong non-stretch adhesive tape
was placed over the device and leg to avoid overesti-
mating the acceleration owing to tissue artefact.

Experimental footwear

The footwear used during this study consisted of
conventional footwear (New Balance 1260 v2), mini-
malist (Vibram five-fingers, ELX), court shoes (Hi-Tec
Indoor Lite), and energy return footwear (Adidas energy
boost) (shoe size 810 in UK men’s sizes) (Figure 2). The
minimalist footwear had an average mass of 0.167 kg,
heel thickness of 7 mm, and a heel drop of 0 mm. The
conventional footwear had an average mass of 0.285 kg,
heel thickness of 25 mm, and a heel drop of 14 mm.
The court shoes had an average mass of 0.368 kg, heel
thickness of 28 mm, and a heel drop of 10 mm. Finally,
the energy return condition had an average mass of
0.265 kg, heel thickness of 24 mm, and a heel drop of
10 mm.

Processing

Trials were processed in Qualisys Track Manager
and then exported as C3D files. Kinematic parameters
were quantified with Visual 3-D (C-Motion Inc,
Gaithersburg, USA) after marker data were smoothed
by means of a low-pass Butterworth 4" order zero-lag
filter at the cut off frequency of 15 Hz [20]. The kine-
matics of the hip, knee, ankle, and tibial segment was
quantified with an XYZ cardan sequence of rotations
(where X is flexion-extension, Y is ab-adduction, and Z
is internal-external rotation). All data were normalized
to 100% of the stance phase then processed trials were
averaged. 3-D kinematic measures from the hip, knee,
ankle, and tibia extracted for statistical analysis were:
1) angle at footstrike, 2) peak angle, and 3) angular range
of motion (ROM) from footstrike to peak angle.

Figure 2. Experimental footwear (a. court shoes,
b. minimalist footwear, c. energy return,
d. conventional footwear)

From the force platform, instantaneous loading rate
(BW/s) was calculated as the maximum increase in ver-
tical force between adjacent data points. The acceleration
signal was filtered with a 60-Hz low-pass Butterworth
4™ order zero-lag filter [19]. Peak tibial acceleration was
defined as the highest positive acceleration peak meas-
ured during the stance phase. Tibial acceleration slope
(g/s) was quantified by dividing the peak tibial accelera-
tion magnitude by the duration over which the accelera-
tion occurred. Finally, tibial acceleration instantaneous
slope (g/s) was calculated as the maximum increase in
tibial acceleration between adjacent data points.

Analyses

Means and standard deviations were calculated for
each outcome measure for all footwear conditions. Dif-
ferences in kinetic/kinematic parameters between foot-
wear were examined with one-way repeated measures
ANOVAs, with significance accepted at the p < 0.05 level.
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Effect sizes were calculated with the use of partial eta® (7).
Effect sizes were characterized in accordance with Co-
hen [21], small = 0.2, medium = 0.5, and large = 0.8. Mini-
mal clinically important differences (MCID) were also
determined for each measurement as being equal to the
pooled standard error between footwear [22]. Post-hoc
pairwise comparisons were conducted on all significant
main effects. The data were screened for normality with
the Shapiro-Wilk test, which confirmed that the normality
assumption was met. All statistical actions were con-
ducted with SPSS v22.0 (SPSS Inc., Chicago, USA).

Results

Figure 3 and Tables 1-4 present the footwear differ-
ences in kinetics and kinematics. The results indicate
that the experimental footwear significantly affected
both kinetic and kinematic parameters.

Kinematics

Hip

No significant (p > 0.05) differences in hip joint kine-
matics were observed between the footwear.

Knee

No significant (p > 0.05) differences in knee joint kine-
matics were observed between the footwear.

Ankle

In the sagittal plane, a main effect (p = 0.04, 7 = 0.26)
was shown for the angle at footstrike. Post-hoc pairwise
comparisons revealed that the ankle was significantly
(p < 0.05) more plantarflexed in the minimalist foot-
wear in relation to each of the other shoe conditions.
A main effect (p < 0.05, n* = 0.24) was also observed for
sagittal plane range of motion. Post-hoc analyses proved
that range of motion was significantly (p < 0.05) larger
in the minimalist footwear than in each of the other
shoe conditions.

In the coronal plane, a main effect (p = 0.006, 17 = 0.40)
was shown for the angle at footstrike. Post-hoc pairwise
comparisons revealed that the ankle was significantly
(p < 0.05) more inverted in the minimalist footwear in
relation to each of the other shoe conditions. In addi-
tion, a main effect (p = 0.03, n* = 0.30) was observed
for the magnitude of peak inversion. Post-hoc analysis
proved that peak inversion was significantly larger in the
minimalist footwear than in each of the other shoe
conditions.

In the transverse plane, a main effect (p = 0.006, > =
0.41) was shown for the angle at footstrike. Post-hoc
pairwise comparisons revealed that the ankle was signifi-
cantly (p < 0.05) more internally rotated in the mini-
malist footwear in relation to each of the other shoe
conditions. In addition, a main effect (p = 0.03,w* = 0.29)
was observed for the magnitude of peak internal rota-
tion. Post-hoc analysis proved that peak internal rotation

was significantly larger in the minimalist foot-
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Table 1. Hip joint kinematics as a function of footwear

Minimalist Conventional Court Energy return
pvalue #  MCID
mean SD mean SD mean SD mean SD

Sagittal plane

Angle at footstrike 17.34 12.08 19.54 11.38 23.68 1229 2235 13.84 0.52  0.09 4.13

Peak flexion 34.50 12.79 37.19 12.61 39.88 14.29 38.47 16.75 0.63 0.07 4.70

Range of motion 17.16  3.04 17.65 529 1620 4.69 16.12 5.86 0.82 0.04 1.57
Coronal plane

Angle at footstrike -24.80 742 -26.76 691 -27.13 7.20 -24.19  5.30 0.09 024 2.24

Peak adduction -31.53 854 -3198 846 -35.60 847 -31.24 6.16 0.42 0.11 2.64

Range of motion 6.73 7.15 5.23 3.69 8.47 4.84 7.05 5.78 0.71 0.06 1.79
Transverse plane

Angle at footstrike 3.59 942 334 816 -0.20 7.71 4.62  8.18 0.32 0.13  2.79

Peak external rotation -16.83 7.84 -15.78 8.82 -19.62  8.63 -1598  8.26 0.08 0.24 2.80

Range of motion 2042 6.69 19.11 5.16 19.42  3.88 20.60 5.93 0.89 0.03 1.80
MCID - minimal clinically important differences

Table 2. Knee joint kinematics as a function of footwear
Minimalist Conventional Court Energy return
pvalue ##  MCID
mean SD mean SD mean SD mean SD

Sagittal plane

Angle at footstrike 18.52  6.50 1748 430 17.82 4.82 18.28 4.39 0.98 0.01 1.67

Peak flexion 62.22  9.61 63.21 6.94 6299 784 6135 573 095 0.01 2.1

Range of motion 43.70  6.16 45.73 4.57 4517 510 43.07 2.57 0.41 0.11 2.53
Coronal plane

Angle at footstrike -1.14 2091 -2.10 3.50 -0.72 3.60 -2.23 347 0.68 0.06 1.77

Peak abduction -7.74  3.09 -7.90 3.68 -6.96 3.83 -8.31 4.21 0.74 0.05 1.53

Range of motion 6.60  3.53 5.80 2.57 6.24 275 6.08 248 0.72  0.05 0.94
Transverse plane

Angle at footstrike -7.05 8.70 -10.22 13.38 -13.33 13.08 -7.78 9.25 0.09 0.23 3.70

Peak internal rotation 5.32  5.57 4.59 6.95 2.28 8.26 5.03 6.54 0.08 0.24 2.28

Range of motion 12.37  4.74 14.82 7.06 1562 561 12.81 5.87 0.40 0.11 1.94

MCID - minimal clinically important differences

Kinetics

A main effect (p = 0.006, n* = 0.40) was shown for
peak tibial acceleration. Post-hoc pairwise comparisons
revealed that peak tibial accelerations were significantly
(p < 0.05) larger in the minimalist and court footwear
in relation to the conventional and energy return con-
ditions. Main effects were also observed for tibial accel-
eration slope (p = 0.02, n* = 0.32) and instantaneous
tibial acceleration slope (p = 0.03, n* = 0.31). Post-hoc
analyses proved that both tibial acceleration slope and
instantaneous tibial acceleration slope were significantly
larger in the minimalist and court footwear than in the
conventional and energy return conditions.

Finally, a main effect (p = 0.001, n* = 0.49) was shown
for instantaneous load rate. Post-hoc pairwise com-

parisons revealed that instantaneous load rate was sig-
nificantly (p < 0.05) larger in the minimalist and court
footwear in relation to the conventional and energy
return conditions.

Discussion

The aim of the current investigation was to examine
the effects of different footwear on the kinetics and kine-
matics of a change of direction task. To the author’s knowl-
edge, this represents the first comparative investigation
to quantify the effects of different footwear on the bio-
mechanics of a change of direction movement. Research
of this nature may provide important new information
to athletes regarding the selection of appropriate foot-
wear.
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Table 3. Ankle joint kinematics as a function of footwear

Minimalist Conventional Court Energy return
pvalue 7*  MCID
mean SD mean SD mean SD mean SD
Sagittal plane
Angle at footstrike -1710 1099 -8.84 1597 -6.35 12.16 -6.46 13.38 0.04 0.26 4.38
Peak dorsiflexion 830 849 1296 4.50 10.60 6.01 1345  4.35 0.19 0.18 1.95
Range of motion 2540 12.00 21.80 18.38 16.95 16.14 1991 13.90 0.04 024 5.04
Coronal plane
Angle at footstrike 9.37 10.20 1.78  4.31 235 532 116  6.75 0.006 040 2.21
Peak inversion 16.36 11.21 11.86 6.03 12.61 414 1012  3.78 0.03 0.30 2.10
Range of motion 700 3.58 10.08 2.69 10.26  3.31 8.96  3.73 0.18 0.18 1.11
Transverse plane
Angle at footstrike -19.24 746 -13.05 2.61 -12.55 3.50 -11.92  3.67 0.006 0.41 1.44
Peak internal rotation -34.31 10.81 -29.09 340 -28.37 2.74 -26.88 274 0.03 0.30 1.64
Range of motion 15.07 6.69 16.04 4.58 1582 346 1497 527 0.95 0.01 1.67

MCID - minimal clinically important differences

Table 4. Kinetic, tibial acceleration and temporal parameters as a function of footwear

Minimalist Conventional Court Energy return
pvalue ##  MCID
mean SD mean mean SD mean SD

Peak tibial acceleration (g) 6.38 1.01 5.46 6.35 0.51 498 0.69 0.006 0.40 046
Tibial acceleration slope (g/s)  218.33 71.99 179.20 143.54 216.53 140.13 159.70 88.94 0.02 0.32 37.05
Instantaneous tibial 417.54 76.05 353.20 115.06 440.16 47.82 315.55 60.76  0.03 0.31 24.97
acceleration slope (g/s)
Instantaneous load rate (BW/s) 282.91 135.84 143.19 97.73 326.67 155.54 106.14 71.45 0.001 049 38.38
Stance time (s) 049 0.10 0.46 0.46 0.07 0.50 0.05 0.21 0.17 0.02

MCID - minimal clinically important differences

The first key observation from the current investi-
gation is that tibial acceleration and loading parame-
ters were shown to be significantly greater in the min-
imalist and court shoes in relation to the conventional
and energy boost footwear. This finding concurs with
the results of Sinclair et al. [18, 23], who demonstrated
that minimalist footwear significantly increased both
tibial accelerations and vertical rates of loading during
running. However, it opposes those of Sinclair et al. [9],
who showed that court footwear reduced impact load-
ing in relation to minimalist footwear during a range of
functional sports tasks. It is proposed that this finding
relates firstly to the absence of midsole cushioning ma-
terial in the minimalist footwear and the stiffness of the
midsole in the court shoes. Importantly, the magnitude
of the aforementioned differences in tibial acceleration
and loading parameters exceeded the thresholds denoted
by the MCID (Table 4). This observation therefore may
have clinical significance, given the proposed connec-
tion between impact loading and the aetiology of chronic
pathologies [24, 25]. Therefore, the current investiga-
tion suggests that minimalist and court footwear may

34

place athletes performing maximal 180° cutting manoeu-
vres at increased risk from impact related injuries com-
pared with the conventional and energy boost shoes.

The kinematic analysis indicated that the ankle was
in a significantly more plantarflexed position at foot-
strike in the minimalist footwear in relation to the
remaining shoe conditions. This points out that the par-
ticipants adopted a distinct foot contact position in the
minimalist footwear. This finding concurs with the
previous observations of running studies performed by
Squadrone and Gallozzi [26] and Sinclair et al. [18, 23],
and the 45° cutting study by Sinclair et al. [9], who each
showed a more plantarflexed ankle position when
wearing minimalist footwear. Once again it is proposed
that this observation is due to the lack of midsole cush-
ioning in the minimalist footwear, whereby the partici-
pants adopted this movement pattern in order to reduce
the loads experienced by the body.

In addition, the findings from the current investiga-
tion showed that the peak angle of inversion was signifi-
cantly larger in the minimalist footwear as compared
with the remaining footwear conditions. It is proposed
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that this observation relates to the nature of minimalist
shoes, as they do not feature any ankle support mecha-
nisms and thus provide reduced resistance to ankle
inversion. Once again the differences in inversion pa-
rameters between the footwear exceeded the thresh-
olds denoted by the MCID (Table 3). This observation
therefore may similarly have clinical significance as ex-
cessive ankle inversion is strongly associated with the
aetiology of ankle sprain injuries [11]. Therefore, the
findings from the current investigation indicates that
minimalist footwear may place runners at increased
risk from inversion pathologies during maximal 180°
cutting manoeuvres.

Finally, the present study showed that the minimalist
footwear was associated with significantly larger in-
ternal rotation of the ankle at footstrike in relation to the
remaining shoe conditions. It is likely, given a maximal
change of direction task, that this is a response to the in-
crease in plantarflexion at footstrike, which was also
observed in the minimalist footwear condition. It is pro-
posed that participants may have increased the internal
rotation of their ankle in response to the flatter foot
position in order to provide a more stable platform from
which to produce the desired 180° movement.

Conclusion

In conclusion, although the biomechanical effects
of different footwear have been examined extensively,
the current knowledge regarding differences in kinetics
and kinematics when performing 180° change of direc-
tion tasks is limited. The present study therefore adds to
the knowledge by providing a comprehensive evaluation
of both kinetic and kinematic parameters when per-
forming 180° change of direction tasks in minimalist,
conventional, energy return, and court footwear. Impor-
tantly, the study showed that impact loading param-
eters were greater in minimalist and court footwear
compared with conventional and energy return foot-
wear. In addition, the minimalist footwear was also
associated with increased indices of ankle inversion in
relation to the other shoe conditions. Therefore, the
findings from the current investigation indicate that
minimalist and court footwear may place athletes at in-
creased risk from injury when performing this movement.
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