
  
Title Influence of basketball shoe midsole inserts featuring different mechanical 

rebound properties on biomechanical loading and subjective perception 
during a side-cutting maneuver 

Author(s) Jing W. Pan, Thorsten Sterzing, Jun W. Pang, YaoHui K. Chua, Pui W. 
Kong 

Source Proceedings of the Institution of Mechanical Engineers, Part P: Journal of 
Sports Engineering and Technology 

Published by SAGE Publications 
  
 
Copyright © 2020 SAGE 
 
This is the author’s accepted manuscript (post-print) of a work that was accepted for 
publication in the Proceedings of the Institution of Mechanical Engineers, Part P: Journal of 
Sports Engineering and Technology. 
 
Notice: Changes introduced as a result of publishing processes such as copy-editing and 
formatting may not be reflected in this document. For a definitive version of this work, please 
refer to the published source.  
 
The final publication is also available at https://doi.org/10.1177/1754337120901984  
 

https://doi.org/10.1177/1754337120901984


1 
 

Influence of basketball shoe midsole inserts featuring different 1 

mechanical rebound properties on biomechanical loading and subjective 2 

perception during a side cutting maneuver 3 

 4 

Jing W. Pan1, Thorsten Sterzing2, Jun W. Pang3, YaoHui K. Chua1, Pui W. Kong1* 5 

 6 
1Physical Education and Sports Science Academic Group, National Institute of Education, Nanyang 7 

Technology University, Singapore 8 
2Sports Science and Engineering Laboratory, Xtep (China) Co Ltd, Xiamen, China 9 
3School of Mechanical and Aerospace Engineering, Nanyang Technological University, Singapore 10 

*Corresponding author: 11 

Pui Wah Kong, PhD 12 

Physical Education and Sports Science Academic Group, National Institute of Education, Nanyang 13 

Technological University, 1 Nanyang Walk, Singapore 637616, Singapore. Phone: (+65) 62196213. E-14 

mail: puiwah.kong@nie.edu.sg 15 

 16 

Abstract 17 

This study examined the influence of basketball shoe midsole inserts with different forefoot and 18 

rearfoot rebound properties on biomechanical loading and subjective perception during a side cutting 19 

maneuver. Eleven male basketball players executed side cutting in four shoe conditions mechanically 20 

characterized for their rearfoot/forefoot (RF/FF) rebound: compliant/compliant (CC), springy/springy 21 

(SS), compliant/springy (CS), springy/compliant (SC). Lower extremity kinetics and kinematics 22 

(normalized to body mass), as well as subjective perception, were measured. During the weight 23 

acceptance phase, there were no differences between shoes in all biomechanical variables, except a 24 

slightly greater ankle ROM (1.2° greater than the other three shoes) in the frontal plane for shoe CS. 25 

During the push off phase, shoe SS led to a greater ankle plantarflexion moment (1.21 Nm/kg greater 26 

than the other three shoes, p < 0.001) and knee internal rotation moment (0.09 Nm/kg greater than the 27 

other three shoes, p = 0.012), while shoe CS resulted in a greater ankle ROM in the frontal plane (1.4° 28 

greater than the other three shoes, p < 0.001). Perception data showed no statistically significant 29 

difference among any shoes. In conclusion, springy inserts of basketball shoe midsoles induced a 30 
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biomechanical loading effect. Perception of players being unaffected indicates the importance of 31 

biomechanical evaluation to examine the effects of the given shoe modifications during side cutting. 32 

Key words: weight acceptance, push off, visual analogue scale, forefoot, rearfoot 33 

 34 

Introduction 35 

Basketball shoes, as well as other athletic shoes, are designed to enhance athletic performance, reduce 36 

the risk of injuries, and provide comfort. Appropriate modifications of basketball footwear properties 37 

can enhance side cutting performance. Customizing stiffer forefoot bending properties1 or inserting a 38 

stiff thermoplastic polyurethane (TPU) plate between the midsole and outsole of the shoe2 have 39 

successfully increased side cutting movement speed. While several studies have shown that modifying 40 

shoe midsole hardness or stiffness can influence side cutting abilities and related biomechanics,1–3 little 41 

is known about how rebound properties of shoe midsoles can influence the biomechanics of side 42 

cutting tasks. For running shoes, one study reported that a more compliant TPU midsole facilitated 43 

more energy return than a less compliant midsole.3 Energy return shoes with compliant TPU plates 44 

have also been proven to enhance running economy.4 It is not known whether these findings on running 45 

shoe rebound properties can be inferred to basketball side cutting, which has considerably more lateral 46 

movement components than running. 47 

Regarding injury prevention, it is desirable if footwear midsole material can minimize the risk 48 

of sports-related injuries.5 During basketball games, non-contact lower extremity injuries, such as 49 

anterior cruciate ligament (ACL) injuries and ankle ligament sprains, are common.6 Players often 50 

perform cutting maneuvers to change direction, which impose high pressure in the forefoot region7 51 

and great loading in the lower extremities.8 Functional shoe designs, especially modifications of the 52 

shoe midsole, are hence expected to reduce the movement-related forces, as well as regional pressures. 53 

For example, during a 45° cutting maneuver of male university basketball players, basketball shoes 54 

with a softer midsole shore hardness (50 Asker C) were reported to reduce plantar loading in the 55 

forefoot region compared with shoes with a harder midsole (60 Asker C).5 Currently, the 56 

biomechanical effects of shoe midsole rebound properties on side cutting movements are unclear. 57 

Thus, it is of interest to investigate if customized shoe midsoles with different rebound properties 58 

influence the biomechanics of side cutting movements. 59 

The nature of side cutting maneuvers is influenced by various factors, such as run up9, foot 60 

placement,10 weight acceptance,11,12 change of direction,13 and push off characteristics.1,2 61 

Biomechanical studies usually focus on the ground contact phase, which can be divided into two main 62 
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parts: weight acceptance and push off.12,14 A study on maximum performance 45° side cutting showed 63 

that peak plantar pressure of the heel and midfoot regions occurred during the beginning of ground 64 

contact during weight acceptance (within ≅ 30% contact time), while peak pressure at the forefoot and 65 

toe regions occurred later, during the push off (≅ 50 to 70% contact time).7 Thus, footwear can serve 66 

different functional needs of the weight acceptance and push off phases of side cutting. For example, 67 

a compliant midsole at the heel region may reduce the impact loading during the weight acceptance 68 

phase, while a springy forefoot midsole with high rebound properties may facilitate the push off motion 69 

of side cutting. Rather than modifying the property of the entire midsole,15 it may be desirable to 70 

customize midsole inserts of different rebound properties at the forefoot and the rearfoot. Many studies 71 

have examined the side cutting movements as a whole7,15 or only focused on the weight acceptance 72 

phase,11,14,16 which is frequently linked to injuries.14 While the push off phase is less emphasized, it 73 

plays an important role in contributing to best performance. Therefore, both the weight acceptance 74 

phase and push off phase should be examined when studying the biomechanics of side cutting tasks. 75 

In the evaluation of footwear features, subjective perception adds important insight to 76 

supplement biomechanical testing.15,17,18 In general, basketball players favored softer shoes over 77 

harder ones when performing jumping and landing activities.17 Specific to side cutting, however, a 78 

study on male recreational players found that participants could not distinguish a difference of 10 79 

Asker C in midsole shore hardness when performing maximum 45° cuts.15 It has been proposed that 80 

human participants can perceive the difference in shoe properties only when the magnitude of 81 

differences between shoes is “sufficient”.18 Altered subjective perception can only be expected when 82 

differing mechanical properties of shoes, altered movement biomechanics due to shoes, or shoe 83 

dependent athletic performance changes exceed the sensory and cognitive thresholds of athletes.18 84 

The aim of this study was to examine the influence of basketball shoe midsole inserts with 85 

different rearfoot and forefoot rebound properties on biomechanical loading and subjective perception 86 

during a side cutting maneuver. The authors hypothesized that 1) compliant inserts would better 87 

facilitate load attenuation during the weight acceptance phase of side cutting; 2) springy inserts would 88 

facilitate a stronger push off; and 3) differences in shoe midsole rebound properties would not be 89 

subjectively perceived by the participants. 90 

 91 

Methods 92 

Participants 93 
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This study was approved by the Nanyang Technological University Institutional Review Board (IRB-94 

2016-11-005). Eleven healthy males (Mean ± SD: age 24.6 ± 2.1 years, height 175.1 ± 4.4 cm, body 95 

mass 71.6 ± 7.9 kg) provided written informed consent to participate. The inclusion criteria were 1) 96 

male; 2) aged 18 to 35 years; 3) shoe size EUR 42; 4) at least five years of basketball playing 97 

experience; 5) competition experience at hall/school level or above; and 6) currently playing basketball 98 

at least once a month during the past six months. The exclusion criteria were 1) history of hip, knee, 99 

or ankle surgery; 2) lower extremity injuries for six months prior to the start of the study; or 3) current 100 

pain or discomfort in any part of the body when playing basketball. 101 

Shoe Conditions 102 

Four visually identical pairs of EUR size 42 basketball shoes [Xtep (China) Co Ltd, Fig. 1 (a)], with 103 

an average shoe weight of 396.4 ± 3.6 g were used. Shoe conditions were mechanically different only 104 

regarding their rearfoot/forefoot (RF/FF) rebound properties of inbuilt die cut ethylene-vinyl acetate 105 

rearfoot and forefoot inserts: compliant/compliant (CC), springy/springy (SS), compliant/springy (CS), 106 

and springy/compliant (SC). Rebound properties were measured according to ISO-4662-2009 at the 107 

Xtep (China) Physical and Chemical Laboratory. Compliant shoe regions featured inserts of lower 108 

rebound properties and springy shoe regions featured inserts of higher rebound properties. The base 109 

high-elastic injection phylon midsole with a hardness of 56 Asker C, including a midfoot stiffener 110 

made of thermoplastic polyurethane (TPU) with a hardness of 96 Asker A, had identical material 111 

properties between all shoe conditions. Hardness properties were measured according to ASTM-D-112 

2240-05 at the Xtep (China) Physical and Chemical Laboratory. Rearfoot insert cavities [Fig. 1 (b)] 113 

were open to the bottom of the midsoles, closer to the ground, while forefoot insert cavities [Fig. 1 (c)] 114 

were open to the top of the midsoles, closer to the foot. Outsole material of the four shoe conditions 115 

were identical, consisting of clear rubber featuring a stiffness of 62 Asker A. Material properties of the 116 

rearfoot and forefoot inserts, as well as the base midsole material, are shown in Table 1. 117 

 118 

[insert Figure 1.] 119 

 120 

 121 

 122 

 123 

 124 

 125 



5 
 

 126 
Table 1. Midsole and midsole insert mechanical hardness and rebound properties. 127  

Shoe 
 

     
CC 

(compliant-
compliant) 

SS 
(springy-
springy) 

CS 
(compliant-

springy) 

SC 
(springy-

compliant) 
Midsole     

Hardness (Asker C) 56 56 56 56 
Rebound (%) 

 
45 45 45 45 

Forefoot insert     
Hardness (Asker C) 44 43 43 44 

Rebound (%)  21 41 41 21 
Rearfoot insert     

Hardness (Asker C) 44 43 44 43 
Rebound (%) 25 51 25 51 

    compliant insert                       springy insert 128 
 129 

The rearfoot insert was in a form of a regular hexagon with edges of 30 mm, angles of 120°, and 130 

a thickness of 16 mm, resulting in a total spatial area of 2400 mm2 and volume of 38400 mm3. The 131 

forefoot insert was in a form of a parallelogram with edges of 84 and 57 mm, angles of 70° and 110°, 132 

and a thickness of 5 mm, resulting in a total spatial area of 4536 mm2 and a volume of 22680 mm3. 133 

 134 

Testing Protocol 135 

This study examined a side cutting movement with biomechanical and perceptual measurements in 136 

each pair of shoes. The order of shoes was randomized between participants. After warm-up and 137 

familiarization, participants were instructed to run at an approach speed of 3.0 m/s (± 10%)9 and 138 

perform a 90° side cutting maneuver19 on a force platform with maximal effort. Two sets of timing 139 

gates were used to monitor the approach speed. One set of timing gates was placed near the corner of 140 

the force platform and the other set was placed 1 m apart. The cut width was standardized to 141 

approximate 45 cm from the midline of the force platform. Upon the right leg contacting the force 142 

platform, the participants changed their running direction to their left, following a taped line on the 143 

floor oriented at the desired 90° angle. The run-up distance was 4.9 m, which was the maximal distance 144 

the laboratory environment could provide. 145 

 146 

[insert Figure 2.] 147 

 148 

 149 

Biomechanical Measurements 150 
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Five successful trials17 in each shoe condition were conducted. Eight infrared cameras (200 Hz, Vicon 151 

MX, Oxford Metrics Ltd., Oxford, UK) and a force platform (1,000 Hz, model 9287BA, Kistler 152 

Instruments AG, Winterthur, Switzerland) were synchronized to collect the lower body kinematic and 153 

kinetic data. Sixteen retro-reflective markers were attached to the lower extremities according to the 154 

Plug-in Gait lower body model.20 155 

The ground contact phase of the side cutting was defined as the period where the unfiltered 156 

vertical ground reaction force (GRF) signal exceeded a threshold of 20 N.21–23 The first trough in the 157 

unfiltered vertical GRF signal was used to divide the ground contact into weight acceptance phase and 158 

push off phase,12,14 wherein the weight acceptance phase was defined as the period from the start of 159 

the ground contact phase to the first trough, while the push off phase was from the first trough till the 160 

end of the ground contact phase (Fig. 3). Kinematic and kinetic data were low-pass filtered using a 161 

fourth order Butterworth filter at a cut-off frequency of 15 Hz.23,24 Peak GRFs, joint range of motion 162 

(ROM), and peak joint moments of hip, knee, and ankle during the weight acceptance and push off 163 

phases were extracted. For flexion/extension during the weight acceptance phase, mean joint moments 164 

were used, as there are no definite peak values present within this phase.12 All moments were 165 

normalized to body mass [Nm/kg].11,21,25  166 

While the cut path was guided by floor markings at a 90° angle during the experiment, the actual 167 

cutting angle used by the participants was calculated using the methods adapted from the work by 168 

Condello et al.13 First, the pelvis center was represented by the center of the left and right anterior 169 

superior iliac spine makers, projected to the floor (x-y plane). Next, the pelvis center coordinates at 4 170 

time points were extracted: P1) 12 frames (0.05 s) before initial ground contact), P2) initial ground 171 

contact, P3) final ground contact, and P4) 12 frames (0.05 s) after the final ground contact. The cutting 172 

angle was then defined as the angle between the line joining P1 to P2 and the line joining P3 to P4. To 173 

indicate cut performance, push off speed was calculated as the mean speed of the pelvis center for 174 

three frames in the flight phase immediately after the final ground contact. 175 

 176 

[insert Fig. 3.] 177 

 178 

Perception 179 

Immediately after performing the side cutting movements in each pair of shoes, the participants used 180 

a 15-cm horizontal visual analogue scale (VAS, Fig. 4) to assess cushioning (0: dislike extremely - 15: 181 

like extremely), propulsion (0: dislike extremely - 15: like extremely), and overall preference (0: 182 
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dislike extremely - 15: like extremely) of the shoe conditions. “Cushioning” and “propulsion” were 183 

presented in mixed order between participants, while “overall preference” was always administrated 184 

last.26 We chose “cushioning” to infer to the perception during the weight acceptance phase and 185 

“propulsion” to infer to the perception during the push off phase. Each perceptual variable was 186 

assessed on a separate VAS form printed on a piece of A4-size paper with a standard script “With 187 

regard to your shoes, please rate the following by drawing a single vertical line on the scale”. Raw 188 

VAS drawings were measured and digitally recorded to the nearest 0.1 cm by the same assessor. 189 

 190 

[insert Fig. 4.] 191 

 192 

Statistical Analysis 193 

Statistical analyses were performed using SPSS 25.0 (IBM Corp, Armonk, USA). A one-way repeated-194 

measures analysis of variance (ANOVA) was used on kinetic, kinematic, and perceptual variables. 195 

Greenhouse–Geisser’s epsilon adjustment was used in all cases when Mauchly’s test indicated that the 196 

sphericity assumption had been violated. Fisher’s LSD post-hoc test was performed accordingly. 197 

Statistical significance was set as P < 0.05. ANOVA effect size (partial eta-squared, ηp²) was 198 

interpreted as small (ηp² = 0.01), medium (ηp² = 0.06), or large (ηp² = 0.14).27 Cohen’s d was calculated 199 

for post-hoc tests and was interpreted as small (0.2 < d < 0.5), medium (0.5 ≤ d < 0.8), or large (d ≥ 200 

0.8).27 201 

 202 

Results 203 

There was no significant effect among shoe conditions regarding GRF in all three directions during 204 

the weight acceptance phase and push off phase (Table 2). For joint kinematics and kinetics during the 205 

weight acceptance phase, there was only one significant main effect of shoes in ankle ROM in the 206 

frontal plane (p = 0.025, ηp² = 0.387, Table 3). Fisher’s LSD post-hoc analyses revealed that shoe CS 207 

had greater ROM compared to all the other shoes (mean difference, CC: 1.1°, d = 0.634, medium 208 

effect; SS: 1.1°, d = 0.619, medium effect; SC: 1.3°, d = 0.759, medium effect). During the push off 209 

phase (Table 4), there was a greater ankle ROM in the frontal plane (p < 0.001, ηp² = 0.564, mean 210 

difference, CC: 1.4°, d = 0.929, large effect; SS: 1.2°, d = 0.734, medium effect; SC: 1.6°, d = 1.162, 211 

large effect) in shoe CS and a greater ankle plantarflexion moment (p < 0.001, ηp² = 0.774, mean 212 

difference, CC: 1.17 Nm/kg, d = 2.045, large effect; CS: 1.30 Nm/kg, d = 2.266, large effect; SC: 1.17 213 

Nm/kg, d = 2.114, large effect) in shoe SS compared to the other three pairs of shoes. At the knee, a 214 
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greater internal rotation moment (p = 0.012, ηp² = 0.302, mean difference, CC: 0.08 Nm/kg, d = 0.640, 215 

medium effect; CS: 0.08 Nm/kg, d = 0.555, medium effect; SC: 0.10 Nm/kg, d = 0.773, medium effect) 216 

in shoe SS was also observed when compared to the other three shoe conditions. Cutting angles in the 217 

shoe conditions CC, SS, CS, and SC were 126.8 ± 9.9°, 126.4 ± 8.0°, 127.2 ± 9.5°, and 126.9 ± 9.4°, 218 

respectively (p = 0.978, ηp² = 0.008). The lack of significant difference in cutting angles confirmed 219 

that the cut paths were similar among the four shoe conditions. With respect to cut performance, there 220 

was no difference in the push off speeds across the four shoes (CC 3.8 ± 0.4 m/s, SS 3.8 ± 0.3 m/s, CS 221 

3.9 ± 0.3 m/s, SC 3.8 ± 0.4 m/s, p = 0.926, ηp² = 0.017). For perceptual variables, the VAS 222 

measurements showed no statistically significant difference among shoe conditions (Table 5).  223 

 224 
Table 2. Ground reaction forces during the weight acceptance and push off phase of a side cutting task in four shoe conditions. 225 

 Shoe  Repeated-measures 
ANOVA  

 post-
hoc 

 
CC 

(compliant-
compliant) 

SS 
(springy-
springy) 

CS 
(compliant-

springy)  

SC 
(springy-

compliant) 
 P ηp² β   

Weight acceptance [N]           
Peak vertical force 1608.4±240.8 1595.5±313.2 1561.7±265.0 1642.4±293.9  0.507 0.074 0.200  -- 

Peak ML force 967.9±330.8 974.3±374.9 902.2±317.3 1006.9±384.4  0.142 0.163 0.453  -- 
Peak AP (braking) force 247.1±113.1 234.6±126.3 226.7±110.8 220.1±112.0  0.421 0.088 0.237  -- 

           
Push off [N]           

Peak vertical force 1464.1±295.3 1477.9±297.9 1470.7±272.8 1465.7±241.8  0.962 0.010 0.065  -- 
Peak ML force 873.1±256.6 881.7±276.2 857.9±251.4 906.6±273.0  0.355 0.101 0.272  -- 

Peak AP (propulsion) force 198.7±83.8 189.6±84.3 200.7±82.4 206.5±83.5  0.187 0.146 0.400  -- 
Data are expressed in mean ± standard deviation. ML denotes mediolateral. AP denotes anteroposterior. ηp² = partial eta squared; β = observed  226 
power. Effect size (partial eta-squared, ηp²) was interpreted as small (ηp² = 0.01), medium (ηp² = 0.06), or large (ηp² = 0.14).  227 

 228 
  229 
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Table 3. Joint kinematic and kinetic variables during the weight acceptance phase of a side cutting task in four shoe conditions. 230 

  Shoe  Repeated-measures 
ANOVA  

 post-hoc 

  
CC 

(compliant-
compliant) 

SS 
(springy-
springy) 

CS 
(compliant-

springy)  

SC 
(springy-

compliant) 
 P ηp² β   

Range of motion [°]           
Hip Sagittal 12.4±6.2 14.5±8.7 13.3±6.3 11.8±4.3  0.221 0.134 0.367  -- 

 Frontal 6.6±3.6 8.0±4.3 6.4±3.8 8.4±3.9  0.157 0.157 0.434  -- 
 Transverse 7.7±2.4 7.5±3.6 9.5±4.6 9.1±4.2  0.205 0.140 0.382  -- 

Knee Sagittal 27.6±9.1 25.9±8.3 28.1±8.9 28.2±9.0  0.385 0.095 0.255  -- 
 Frontal 11.2±2.9 10.6±3.2 12.3±3.8 10.8±3.8  0.338 0.105 0.282  -- 
 Transverse 11.9±4.5 11.0±4.5 13.2±7.7 12.0±4.4  0.295 0.114 0.225  -- 

Ankle Sagittal 30.6±14.3 27.4±9.4 27.9±14.1 27.5±13.8  0.706 0.045 0.133  -- 
 Frontal 1.2±1.1 1.2±1.1 2.3±2.4 1.0±0.7  0.025 0.387 0.668  CC<CS, SS<CS, SC<CS 
 Transverse 11.9±9.4 9.6±7.9 12.7±12.7 11.5±9.4  0.176 0.150 0.412  -- 
Moment [Nm/kg]           

Hip Flexion 1.32±0.81 1.39±0.85 1.51±0.99 1.37±0.92  0.447 0.084 0.225  -- 
 Abduction 0.85±1.13 0.67±0.83 0.89±1.10 0.93±1.11  0.117 0.149 0.411  -- 
 Internal rotation 0.38±0.42 0.29±0.32 0.40±0.46 0.39±0.48  0.416 0.081 0.165  -- 

Knee Flexion 0.88±0.41 0.80±0.66 0.88±0.52 0.92±0.55  0.686 0.032 0.091  -- 
 Abduction 0.62±0.61 0.50±0.49 0.64±0.69 0.65±0.77  0.355 0.101 0.272  -- 
 Internal rotation 0.06±0.06 0.08±0.05 0.09±0.07 0.06±0.05  0.290 0.116 0.313  -- 

Ankle Dorsiflexion 0.73±0.48 0.70±0.42 0.69±0.48 0.68±0.46  0.958 0.010 0.066  -- 
 Eversion 0.37±0.19 0.32±0.16 0.36±0.19 0.36±0.18  0.535 0.069 0.189  -- 
 Internal rotation 0.07±0.06 0.10±0.07 0.08±0.05 0.08±0.07  0.400 0.087 0.185  -- 

Data are expressed in mean ± standard deviation. All moments are normalized to body mass [Nm/kg]. ηp² = partial eta squared; β = observed power. 231 
Significant P-values (p < 0.05) are shown in bold. Effect size (partial eta-squared, ηp²) was interpreted as small (ηp² = 0.01), medium (ηp² = 0.06), or large 232 
(ηp² = 0.14). Fisher’s LSD post-hoc test was performed after repeated-measures ANOVA. 233 

 234 
 235 

[insert Fig.5.] 236 

 237 
Table 4. Joint kinematic and kinetic variables during the push off phase of a side cutting task in four shoe conditions. 238 

  Shoe  Repeated-measures 
ANOVA 

 post-hoc 

  
CC 

(compliant-
compliant) 

SS 
(springy-
springy) 

CS 
(compliant-

springy)  

SC 
(springy-

compliant) 
 P ηp² β   

Range of motion [°]           
Hip Sagittal 60.2±19.1 60.3±21.8 61.8±17.0 62.2±15.8  0.900 0.019 0.082   

 Frontal 19.8±4.8 19.6±5.7 17.4±6.5 20.3±6.6  0.362 0.100 0.268   
 Transverse 31.7±11.9 30.0±10.3 32.9±12.6 33.1±9.4  0.383 0.095 0.257   

Knee Sagittal 49.2±11.1 46.0±11.8 46.3±10.2 45.8±9.7  0.433 0.086 0.232   
 Frontal 13.4±5.2 12.4±3.5 13.2±3.7 13.2±5.0  0.733 0.041 0.126   
 Transverse 24.1±7.0 22.6±5.5 23.3±9.1 22.9±7.0  0.770 0.036 0.116   

Ankle Sagittal 54.7±8.6 53.1±7.9 49.3±15.0 53.6±9.0  0.390 0.077 0.135   
 Frontal 1.7±1.0 1.9±1.2 3.1±1.8 1.5±0.6  <0.001 0.564 0.999  CC<CS, SS<CS, SC<CS 
 Transverse 16.7±9.8 16.1±10.2 16.8±10.7 16.8±9.9  0.939 0.013 0.072   
Moment [Nm/kg]           

Hip Flexion 1.65±1.53 1.86±0.64 1.91±1.48 1.75±1.27  0.819 0.030 0.103   
 Abduction 1.81±1.50 1.88±0.59 1.86±1.66 1.88±1.63  0.980 0.006 0.060   
 Internal rotation 0.83±0.85 0.82±1.10 0.89±0.92 0.85±0.93  0.805 0.013 0.065   

Knee Flexion 3.23±1.05 3.48±1.17 3.19±1.29 3.32±1.42  0.548 0.067 0.184   
 Abduction 0.56±0.48 0.64±0.42 0.63±0.58 0.46±0.43  0.069 0.207 0.582   
 Internal rotation 0.26±0.14 0.34±0.14 0.26±0.17 0.24±0.13  0.012 0.302 0.818  CC<SS, CS<SS, SC<SS 

Ankle Plantarflexion 1.60±0.63 2.77±0.51 1.47±0.63 1.60±0.59  <0.001 0.774 1.000  CC<SS, CS<SS, SC<SS 
 Eversion 0.70±0.38 0.57±0.27 0.68±0.39 0.67±0.36  0.248 0.127 0.344   
 Internal rotation 0.17±0.13 0.29±0.30 0.17±0.15 0.17±0.13  0.055 0.292 0.522   

Data are expressed in mean ± standard deviation. All moments are normalized to body mass [Nm/kg]. ηp² = partial eta squared; β = observed power. 239 
Significant P-values (p < 0.05) are shown in bold. Effect size (partial eta-squared, ηp²) was interpreted as small (ηp² = 0.01), medium (ηp² = 0.06), or large 240 
(ηp² = 0.14). Fisher’s LSD post-hoc test was performed after repeated-measures ANOVA. 241 
 242 

 243 
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 244 
Table 5. Visual Analogue Scale (VAS) measurements of four shoe conditions. 245  

Shoe 
 

Repeated-measures 
ANOVA 

 
post- 
hoc 

 
 
VAS [cm] 

CC 
(compliant-
compliant) 

SS 
(springy-
springy) 

CS 
(compliant-

springy)  

SC 
(springy-

compliant) 

 
P ηp² β 

 
 

Cushioning  10.2 (3.2 11.1±1.8 9.2±3.4 10.4±2.7 
 

0.227 0.133 0.362 
 

-- 
Propulsion  10.0 (3.2 10.3±2.7 9.3±2.6 10.1±2.9 

 
0.725 0.042 0.128 

 
-- 

Overall Perception 10.8 (3.3 11.5±2.1 9.8±2.7 10.9±2.2 
 

0.247 0.127 0.345 
 

-- 
Data are expressed in mean ± standard deviation. ηp² = partial eta squared; β = observed power. Effect size (partial eta-squared, ηp²) 246 
was interpreted as small (ηp² = 0.01), medium (ηp² = 0.06), or large (ηp² = 0.14). Fisher’s LSD post-hoc test was performed  247 
after repeated-measures ANOVA. 248 

 249 

Discussion 250 

This study examined the biomechanical and subjective perception effects of basketball shoes with 251 

midsole inserts featuring different rebound properties at forefoot and rearfoot during side cutting 252 

maneuvers. It was found that joint ranges of motion and joint moments primarily differed in the distal 253 

part of the lower extremities (ankle) due to the springy insert at forefoot during the push off phase. 254 

Subjectively, the participants as a group were unable to perceive the different insert materials at the 255 

rearfoot and forefoot midsole of the shoes in relation to cushioning, propulsion, and overall preference. 256 

Weight Acceptance Phase 257 

The first hypothesis of this study was that compliant midsole inserts of basketball shoes would 258 

facilitate enhanced load attenuation during the weight acceptance phase of side cutting. The results 259 

showed that compliant midsole inserts, regardless of whether positioned in the forefoot or rearfoot 260 

areas, generally did not alter biomechanical loading of the lower extremities. The observation of the 261 

four shoe conditions having no differentiating effects on GRF is similar to a study on change of 262 

direction task, which negates the relation between greater GRF and better (sharper) cutting 263 

performance.13 There were no significant differences of most joint moments during the weight 264 

acceptance phase at the hip, knee, and ankle among conditions. Although shoe CS has increased ankle 265 

ROM in the frontal plane, the magnitudes of the differences among all shoe conditions were very small 266 

(approximately 1°) and hence unlikely to have practical significance. Non-contact injuries are reported 267 

to increase within the weight acceptance phase since the knee is near full extension at the beginning 268 

of loading28 when great knee abduction and internal rotation moments occur.25 However, the compliant 269 

midsole used in this study was not observed to better attenuate the loadings in the lower extremities. 270 

The lack of kinetic and kinematics changes in response to differing midsole rebound properties may 271 

be due to the small difference in rebound properties and/or differing rebound properties only being 272 

present in the inserts. Such construction may not be sufficient to exhibit biomechanical effects during 273 

side cutting, while the identical midsole frame in all four shoe conditions may prevent the mechanical 274 
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insert properties to unfold in a meaningful manner. Collectively, the first hypothesis that the compliant 275 

insert could effectively attenuate impact during the weight acceptance phase is rejected. 276 

Push Off Phase 277 

The second hypothesis of this study was that springy midsole inserts of basketball shoes would 278 

facilitate a stronger push off during the propulsion phase of a side cutting maneuver. This hypothesis 279 

is supported by the current finding of an increased ankle plantarflexion moment during push off when 280 

wearing basketball shoes with springy forefoot and springy rearfoot inserts (shoe SS, Table 4). This 281 

observation is in agreement with a study on running footwear that an elastic carbon fiber insole 282 

improved the “push-off” performance during running.29 The midsole with springy forefoot insert may 283 

enhance metatarsophalangeal joint (MTPJ) stiffness to improve cutting performance.2 The improved 284 

ankle plantarflexion in this study may also be due to an increase in rebound properties across the entire 285 

midsole with springy inserts at both rearfoot and forefoot. However, no significant difference was 286 

observed in the push off speed among the four shoe conditions. The lack of difference in speed may 287 

be due to the lack of space in the laboratory for participants to accelerate after pushing off from the 288 

force platform. Previous studies required the participants to sprint to a target over 5 meters away after 289 

the cutting movement.2,13 In the present study, the push off speed could only be calculated using a few 290 

frames after the cutting movement due to the relatively small capture volume. Future studies can 291 

investigate the relationship between the ankle plantarflexion moment, insert material, and side cutting 292 

performance. Although shoe CS only led to a slightly greater ankle ROM of approximately 1° at the 293 

frontal plane, this small increase in motion may contribute to the ankle instability during side cutting. 294 

In this present study, key biomechanical differences among the four shoe conditions were 295 

primarily observed at the most distal ankle joint during side cutting. This finding is similar to that of a 296 

study on soccer boot outsole configuration, which showed that kinematic and kinetic adaptions were 297 

seen in the distal part of the lower extremities during a turning movement.30 It should be noted that 298 

shoe SS with springy insert material at both forefoot and rearfoot also increased the knee internal 299 

rotation moment compared to the other three shoe conditions (Table 4). In literature, increased knee 300 

internal rotation angle has been shown to relate to the ACL injuries because most body weight is 301 

distributed on the planting leg.31 This suggests that springy material, while contributing to enhance the 302 

ankle plantarflexion moment for a stronger push off, may also impose undesirable loading on the knee 303 

joint. While shoes are commonly predominantly produced for mass consumers, it needs to be 304 

acknowledged that within target groups, the physiological resistance to injury differs between 305 
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individuals. This makes it difficult to provide the optimal balance between performance and load 306 

management for the individual. 307 

Subjective Perception 308 

The third hypothesis of this study was that participants would not be able to distinguish the difference 309 

in shoe midsole insert properties based on subjective perception. This hypothesis was supported as no 310 

significant difference in VAS measurements was found among the four shoe conditions. The induced 311 

biomechanical differences among the four shoe conditions went unnoticed by the participants, placing 312 

the objective shoe effects below their sensory threshold.18 The lack of perceptual difference in the 313 

present study is consistent with a study on 45° cutting, in which recreational basketball players were 314 

not able to perceive the difference between basketball shoes with soft and hard midsoles.15 Since 315 

participants were not able to perceive the different properties of the midsole inserts, it is reaffirmed 316 

that biomechanical evaluation is necessary to examine the functional shoe effects during side cutting 317 

maneuvers. 318 

On the other hand, others have shown that overall comfort level could be perceived in a 45° side 319 

cutting tasks when examining the effects of a shear cushioning system in the forefoot.5 Nin et al.17 320 

found that cushioning intensity of basketball shoes can be consistently rated according to midsole 321 

hardness conditions in layup, shot blocking, and drop landing tasks, but rearfoot stability could only 322 

be differentiated during the layup task. This suggests that human perception to athletic footwear 323 

properties may be task-specific and function specific, while a specific degree of functional shoe 324 

modification is needed to reach athlete awareness. The inconsistent results in perceptual response to 325 

shoe mechanical properties in the literature may be due to the various shoe prototype designs, 326 

placement of the inserts, and methods in evaluating subjective perception.17,32 In the present study, the 327 

four shoe conditions had subtle mechanical differences regarding the inserts. In addition, the inserts 328 

were framed by an identical midsole, hence the biomechanical effects may not be very prominent, 329 

making it also difficult for participants to notice.  330 

In the present study, despite the fact that no significant differences were found in all perceptual 331 

variables, the effect sizes were medium bordering on large for “cushioning” and “overall preference” 332 

for the VAS measurements (Table 5). Participants indicated better cushioning and higher overall 333 

preference for shoe SS with springy materials in both forefoot and rearfoot areas. Future studies can 334 

further investigate the perceptual response to varying rebound properties across different parts of the 335 

midsole. 336 

Limitations 337 
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This present study only investigated a small sample size of 11 participants such that the statistical 338 

analysis may be under-powered. To supplement significance tests, effect size was also reported to 339 

indicate the magnitude of the difference between shoes. In addition, only male participants at 340 

recreational level were recruited, hence the results of this study should not be directly applied to 341 

professional or female basketball players. As the midsole inserts with different rebound characteristics 342 

were customized at forefoot and rearfoot, the VAS scale used in this study cannot evaluate the localized 343 

perception in specific foot regions. Future study should consider assessing the perception at forefoot 344 

and rearfoot separately.15,33 345 

 346 

Conclusion 347 

Variations in midsole insert rebound properties of basketball shoes elicited certain biomechanical 348 

effects in the lower extremities during side cutting. While ground reaction forces and joint kinematics 349 

were mostly unaffected, springy inserts in both the forefoot and rearfoot region increased the joint 350 

moments at the ankle and the knee during the push off phase of side cutting, suggesting better 351 

propulsion performance. Subjectively, participants were not able to perceive the different properties 352 

of the midsole inserts, reaffirming that biomechanical evaluation is necessary to examine the shoe 353 

effects during side cutting maneuvers. 354 
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midsoles were identical for all four experimental shoe conditions. 453 
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Figure 5. Joint (a) range of motions (ROM) and (b) moments during the weight acceptance phase of a 462 
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