
  
Title Influence of shoe midsole hardness on plantar pressure distribution in four 

basketball-related movements 
Author(s) Wing-Kai Lam, Wei Xuan Ng & Pui Wah Kong 
Source Research in Sports Medicine, 25(1), 37-47 
Published by Taylor & Francis (Routledge) 
  
 
Copyright © 2017 Taylor & Francis  
 
This is an Accepted Manuscript of an article published by Taylor & Francis in Research in 
Sports Medicine on 21/11/2016, available online: 
https://www.tandfonline.com/doi/full/10.1080/15438627.2016.1258643 
 
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. 
 
Citation: Lam, W. K., Ng, W. X., & Kong, P. W. (2017). Influence of shoe midsole hardness 
on plantar pressure distribution in four basketball-related movements. Research in Sports 
Medicine, 25(1), 37-47. https://doi.org/10.1080/15438627.2016.1258643 
 

https://www.tandfonline.com/doi/full/10.1080/15438627.2016.1258643
https://doi.org/10.1080/15438627.2016.1258643


1 
 

Title: Influence of shoe midsole hardness on plantar pressure distribution in four basketball-1 

related movements 2 

 3 

Running Title: Plantar pressure in basketball movements  4 

 5 

Abstract 6 

 7 

This study examined how shoe midsole hardness influenced plantar pressure in basketball-related 8 

movements. Twenty male university basketball players wore customized shoes with hard and soft 9 

midsoles (60 and 50 Shore C) to perform four movements: running, maximal forward sprinting, 10 

maximal 45o cutting, and lay-up. Plantar loading was recorded using an in-shoe pressure measuring 11 

system, with peak pressure (PP) and pressure time integral (PTI) extracted from 10 plantar regions. 12 

Compared with hard shoes, subjects exhibited lower PP in one or more plantar regions when 13 

wearing the soft shoes across all tested movements (Ps < 0.05). Lower PTI was also observed in 14 

the hallux for 45o cutting, and the toes and forefoot regions during the first step of lay-up in the 15 

soft shoe condition (Ps < 0.05). In conclusion, using a softer midsole in the forefoot region may 16 

be a plausible remedy to reduce the high plantar loading experienced by basketball players. 17 

 18 

Word Count:  150 19 

Keywords: footwear, plantar pressure, basketball 20 
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Introduction 22 

Basketball is played by 450 million individuals worldwide (FIBA, 2007) and involves a large 23 

number of jumps, accelerations and decelerations, lay-ups, and cutting movements in various 24 

directions (Ben Abdelkrim, El Fazaa, & El Ati, 2007; McClay et al., 1994). Many basketball 25 

maneuvers are repetitive and can impose specific loading demands on athletes, resulting in a 26 

higher incidence of lower extremity injuries (Losito, 2008). McKay and colleagues (2001b) 27 

reported an injury incidence rate of 18.3 per 1000 participants (24.7 per 1000 playing hours), 28 

with more serious injuries incurred to the lower limb. As the loading demands may be movement 29 

specific, quantifications of loading characteristics on athletes would provide insights into plantar 30 

stress-related injuries.  31 

 Plantar pressure has been predominantly investigated for running (Verdejo & Mills, 2004) 32 

and soccer-specific tasks (Orenduff et al., 2008; Wong, Chamari, Wisløff, & Hong, 2007) but 33 

little is known for basketball movements. Cui (2010) compared the plantar pressure distribution 34 

among walking, running and drop landing in male basketball players and reported the highest 35 

peak pressure in the middle metatarsal region during running and drop landing. Using basketball 36 

specific movements, Pau and Ciuti (2013) profiled the plantar pressure patterns during free throw, 37 

jump stop shot, three-point shot and lay-up in female players. They found high pressures 38 

recorded in the forefoot for most tested movements, particularly the three-point shot. In both 39 

studies, however, subjects executed the tasks while barefooted. This questions the ecological 40 

validity of their findings since players typically have footwear on when playing basketball. 41 

Guettler et al. (2006) examined the fifth metatarsal loading during simulated basketball lay-up, 42 

one-footed landing, side-to-side shuffle and maximal-effort sprinting in collegiate basketball 43 

players. They found that the use of an orthosis to support the medial arch reduced the load 44 
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beneath the fifth metatarsal. This finding was in contrast with another study by Yu and 45 

colleagues (2007) in which the in-shoe plantar pressure with and without foot orthosis were 46 

measured during simulated basketball lay-up and shuttle run. Yu et al. (2007) concluded that 47 

generic use of off-the-shelf foot orthoses with medial arch support can cause increased plantar 48 

forces and pressures on the fifth metatarsal and therefore increase the risk for fracture. Both 49 

Guettler et al.’s (2006) and Yu et al.’s (2007) studies only reported the plantar loading on the 50 

fifth metatarsal. To provide better insight into pressure distribution and stress-related injuries in 51 

basketball, there is a need to further examine the plantar pressure profiles of the entire foot 52 

during frequently executed basketball movements. 53 

Appropriate footwear is expected to provide optimal shock attenuation and prevent stress 54 

related injuries (Losito, 2008). The type of shoe worn has been identified as a risk factor for 55 

injuries in basketball (McKay, Goldie, Payne, Oakes, & Watson, 2001a). Footwear that fails to 56 

attenuate excessive shock on the human body might lead to injuries (Guettler et al., 2006). 57 

Decreased midsole hardness has been associated with better perceived comfort and lower plantar 58 

pressure during simple locomotion tasks such as walking (Chang, Liu, Chang, Lee, & Wang, 59 

2014; Hahn et al., 2014). The influence of midsole hardness on ground reaction forces during 60 

basketball landing and cutting has been widely studied (e.g., Lam, Park, Lee, & Cheung, 2015; 61 

Nin, Lam, & Kong, in press; Zhang, Clowers, Kohstall, & Yu, 2005).  In-shoe plantar pressure 62 

can provide additional information about specific locations and magnitude of loading under the 63 

foot in order to identify movement specific loads during any tested movements (Cong, Lam, 64 

Cheung, & Zhang, 2014). Therefore, studying changes of plantar pressure while wearing 65 

basketball shoes with different midsole hardness appears valuable.  66 
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The purpose of the present study was to examine the effect of midsole hardness on in-67 

shoe plantar pressure distribution during four typical basketball-related movements. It was 68 

hypothesised that lower plantar loading would be observed in shoes with a softer midsole. 69 

  70 

Material and Methods 71 

Experimental shoe conditions 72 

Two pairs of identical basketball shoes (Li Ning Cloud, US size 9) with different midsole 73 

hardness (soft versus hard) were used in this study (Figure 1a). The midsole hardness of soft and 74 

hard shoes were 50 and 60 Shore C, respectively (Figure 1d). This narrow range (50 C vs. 60 C) 75 

reflects the hardness of commercially available basketball shoes, and lies within the hardness 76 

range reported in previous studies on basketball footwear [Nin et al., in press (38 C, 42 C vs. 57 77 

C); Zhang et al., 2005 (40 C, 55 C vs. 70 C)]. To check for consistency, the midsole hardness 78 

was quantified with a durometer (1600 Asker SP-698 Rex Durometers, Rex Gauge Co., Buffalo 79 

Grove, IL, USA) at each of the five individual dots in respective forefoot, midfoot, and rearfoot 80 

regions (Figure 1b & 1c). The measured hardness of the five individual dots were then averaged 81 

to represent the hardness in each region (Figure 1d, Nin et al., in press).  82 

 83 

****Insert Figure 1 around here**** 84 

 85 

Subjects 86 

Twenty male university basketball players [mean age 24.8 (1.5) years, height 173.0 (6.0) cm, 87 

body mass 66.7 (10.1) kg, self-reported experience of playing basketball 8.7 (2.1) years] were 88 

recruited. Only subjects having the target foot length of US size 9 (± 0.5) and self-reported as 89 
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right leg dominant were included. The foot measurement was taken using a Brannock foot 90 

measurement device (Brannock Device, Syracuse, NY, USA). All players were free of any lower 91 

extremity injuries for six months prior to the start of the study. Written informed consent was 92 

obtained from the subjects and the testing procedures were approved by the Nanyang 93 

Technological University Institutional Review Board. 94 

 95 

Equipment 96 

In-shoe plantar pressure distribution was measured using a Pedar Mobile System (Novel, GmbH, 97 

Munich, Germany), which contained 99 sensors in a matrix design. To prevent overloading, the 98 

instrumented insoles were calibrated according to the manufacturer’s guidelines to 700 kPa with 99 

the Trublu calibration device (Novel GmbH, Munich, Germany). Measurement errors of the 100 

Pedar system are reported to be less than 2.8% after calibration procedures (Putti, Arnold, 101 

Cochrane, & Abboud, 2007). Prior to data acquisition, the instrumented insoles were inserted 102 

between the midsole and the plantar surfaces of the feet. Players then provided feedback about 103 

the appropriate positioning of the insoles inside the shoes. A telemetric data logger was secured 104 

by a belt to the player’s waist and data transmitted to a computer for analysis. Plantar pressures 105 

were recorded at 100 Hz from the players’ right foot. 106 

 To obtain two-dimensional kinematic information (i.e., initial shoe-ground angle at 107 

touchdown) for ensuring valid analysis of plantar pressure data, a high-speed digital camera 108 

(Casio EX FH100, Yokohama, Japan) was placed perpendicularly on the sagittal side (i.e., right 109 

side) of movement pathways for each tested movement. Since only the angles at touchdown were 110 

of interest, the video camera was operated at 120 Hz independently from the Pedar Mobile 111 

System without synchronization. To measure the speed during the running task, two pairs of 112 



6 
 

infrared timing gates (Brower Timing System, Draper, USA) were placed 3.3 m apart in the 113 

middle of the running pathway. 114 

 115 

Procedures 116 

After anthropometric measurements were taken, players wore a new pair of standard socks and 117 

performed a 10-minute warm-up including stretching and jogging in their own shoes. They were 118 

asked to familiarize themselves with each of four typical basketball-related movements: running, 119 

maximal forward sprinting, maximal 45° cutting and lay-up (Figure 2). For actual testing, 120 

players tightened the lacings according to their individual preference. All movement tasks were 121 

performed on a standard asphalt-based outdoor basketball court. For running, subjects were 122 

asked to run at 3.3m/s (± 5%) for 15 m with their speed monitored by the timing gates (Figure 123 

2a). Maximal forward sprinting was performed for 7 m in a straight line (Figure 2b). For 124 

maximal 45° cutting, players performed the side-step cutting with their right leg towards a 45° 125 

left forward direction with maximal effort (Figure 2c) (Cong et al., 2014; Lam et al., 2015). Lay-126 

up was executed with a standard basketball, starting stationary from the subject’s preferred 127 

position at the right side of the basket (Figure 2d). This lay-up protocol was designed to simulate 128 

the receipt of a chest-pass and subsequent execution of a lay-up (Nin et al., in press). The starting 129 

position for each subject was pre-determined and kept constant for all lay-up trials.The 130 

basketball was supported by a tripod adjusted to the chest height of individual players. No 131 

dribbling was allowed throughout the lay-up.  132 

For each task (running, sprinting, 45° cutting and lay-up), five successful trials were 133 

collected from each shoe type (soft, hard) in a randomized order. To minimize the effect of 134 

fatigue, 1.5-minute and 8-minute resting periods were mandatory between trials and between 135 
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shoe conditions, respectively.  136 

 137 

****Insert Figure 2 around here**** 138 

 139 

Data reduction 140 

Figure 2 illustrates the steps (footprints) selected for plantar pressure analysis in each movement. 141 

Each footprint was divided into 10 recorded regions using the Novel Multimask software (Novel 142 

GmbH, Munich, Germany) (Figure 1e, Wong et al., 2007).  In each footprint, peak pressure (PP) 143 

and pressure time integral (PTI) were extracted from individual plantar regions. The PP 144 

represented the highest pressure recorded by a specific region at any time during the contact 145 

phase while PTI was calculated as the product of the pressure and the time over which it was 146 

applied (Wong et al., 2007). PTI values represented both pressure’s amplitude and exerted 147 

duration during the contact phase of the analyzed step. Sagittal shoe-ground angles at initial 148 

contact for each selected step analyzed using the Kinovea Motion Analysis software (Boston, 149 

MA, USA) in order to determine whether the soft and hard shoes demonstrated similar landing 150 

conditions for a fair comparison of plantar pressures between shoes. 151 

 152 

Statistical analysis 153 

Data were analyzed using SPSS (Version 20.0, IL, Chicago). Wilcoxon signed-rank tests were 154 

performed to determine shoe hardness effect on the plantar pressure variables and initial shoe-155 

ground angle at touchdown as these data were not normally distributed. Effect size (r) was 156 

calculated from the Z-value and interpreted as small (0 < |r| < 0.3), medium (0.3 ≤ |r|< 0.5) or 157 

large (|r|≥ 0.5). Statistical significance was set at P < 0.05. 158 
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 159 

Results 160 

Initial shoe-ground angle at touchdown was comparable between soft and hard shoes in all tested 161 

movements [Ps > 0.05; running: soft 22.0 (2.5)°, hard 23.0 (2.7)°; sprinting: soft 15.1 (2.3)°, 162 

hard 15.3 (2.4)°; 45o cutting: soft 12.7 (5.7)°, hard 12.9 (5.5)°; lay-up: soft 20.6 (3.2)°, hard 20.9 163 

(3.3)°]. Figure 3 provides an overall comparison of PP and PTI between the soft and hard shoes 164 

in the four basketball-related movements. Descriptive and statistical results of PP and PTI at 165 

individual plantar regions are shown in Table 1. 166 

 167 

****Insert Figure 3 and Table 1 around here**** 168 

  169 

Compared with the hard shoes, subjects exhibited significantly lower PP in one or more 170 

plantar regions when wearing the soft shoes across all tested movements (Figure 3b, Ps < 0.05). 171 

During running, lower PP was observed in the medial and lateral forefoot, lateral midfoot and 172 

heel regions (Ps < 0.05). During sprinting, PP was lower in the medial forefoot and second toe 173 

regions (Ps < 0.05). Lower PP was only seen in the lateral midfoot region during 45o cutting (P < 174 

0.05), whereas the lay-up was characterised by lower PP in the medial and lateral forefoot and 175 

lateral toes regions (Ps < 0.05). Lower PTI was also found in the hallux region for 45o cutting, 176 

and the second toes and medial and lateral forefoot regions during the first step of lay-up in the 177 

soft shoe condition (Figure 3c, Ps < 0.05). No differences in PTI were found between shoes in 178 

running or sprinting. Medium effect size was observed for most of the significant findings. 179 

 180 
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Discussion 181 

The present study compared in-shoe plantar pressure characteristics during basketball-related 182 

movements in shoes of different midsole hardness, and provides important information to better 183 

understand the plantar loading in basketball. Overall, the results support the hypothesis that 184 

lower plantar loading is observed in shoes with a softer midsole when performing the tested 185 

basketball movements. 186 

Running and sprinting are repetitive maneuvers performed during basketball play and 187 

practice (Ben Abdelkrim et al., 2007). High PP, coupled with high repetitions, may cause chronic 188 

injuries in athletes (Wong et al., 2007). When examining how midsole hardness influenced 189 

plantar pressure distribution, the present study demonstrated that softer shoes were effective in 190 

reducing PP in the medial forefoot region during running and sprinting. During running, lower 191 

PP was observed in the medial forefoot and the entire lateral aspect of the foot (forefoot, midfoot 192 

and heel) when wearing soft shoes compared with hard shoes (Figure 3b, Table 1). These 193 

observations partially agree with previous findings that showed that more-cushioned shoes 194 

(training type, relatively softer)  lower PP in the toes (hallux and lesser toes), forefoot (medial, 195 

central and lateral) and lateral midfoot regions during self-paced running than less-cushioned 196 

shoes (racing flats type, relatively harder) (Wiegerinck et al., 2009). Our results also confirm that 197 

orthotic shoe interventions alter plantar loading at the fifth metatarsal during basketball sprinting 198 

or shuttle run maneuvers (Guettler et al., 2006; Yu et al., 2007). Similar to running, sprinting in 199 

the soft shoes showed lower peak plantar pressure in the medial forefoot and second toe regions 200 

(Figure 3b, Table 1). However, there was no difference in PTI between the shoe types in any 201 

region during running and sprinting (Figure 3c). One plausible explanation is that a more 202 

compliant midsole might lead to increased stance time during running and sprinting, 203 
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counterbalancing the decreased pressure induced by a softer material. The current results suggest 204 

that shoes with softer midsoles reduce PP, which has implications for better comfort and 205 

reducing risk of injuries (Wong et al., 2007). However, reducing the midsole hardness of a shoe 206 

might also reduce the forefoot bending stiffness and hence poor running and sprinting 207 

performance (Roy & Stefanyshyn, 2006; Stefanyshyn & Fusco, 2004). While there is not much 208 

information on how shoe midsole hardness can influence performance and the risk of injury, 209 

more research should be carried out to determine appropriate midsole hardness for basketball 210 

specific footwear. 211 

 For 45o cutting, subjects exhibited lower PP in the lateral foot region and lower PTI in 212 

the hallux region when wearing the soft shoes compared with the hard shoes. The results of the 213 

present study are in agreement with those on soccer cutting (Orendurff et al., 2008; Wong et al., 214 

2007), and basketball cutting and shuffling (Cong et al., 2014). Evidence suggests that cutting 215 

maneuvers can lead to soft tissue injuries such as anterior cruciate ligament injuries (Yu & 216 

Garrett, 2007), ankle sprains (Fong et al., 2009) and foot skin problems (Yavuz & Davis, 2007). 217 

Another common stress injury in basketball is Jones fracture, a stress fracture occurring at the 218 

proximal fifth metatarsal diaphysis (e.g., Kavanaugh, Brower, & Mann, 1978;). For the first step 219 

of the lay-up, subjects exhibited significantly lower PP in the medial and lateral forefoot and 220 

lateral toes regions when wearing the soft shoes compared to the hard shoes. Yu and co-workers 221 

(2007) found higher peak force and peak pressure at the fifth metatarsal during lay-up landing 222 

and the stance of the shuttle run when wearing foot orthoses compared to basketball shoes alone. 223 

Since the mechanical properties of the basketball shoes and the orthoses used were not reported 224 

in the study by Yu et al., (2007), it is difficult to speculate the hardness of the shoe or that of the 225 

shoes plus orthoses combined. In the present study, softer shoes effectively reduced lateral 226 
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plantar loading during running and the first step of a basketball lay-up (Figure 3). This suggests 227 

that optimizing the midsole hardness in footwear can play a role in reducing the risks of 228 

developing stress-related injuries among basketball players. One explanation is that running in a 229 

softer midsole resulted in more pronation and therefore lowered the lateral loading of the foot 230 

(Hong & Wang, 2008). This explanation may also apply to the first step of a lay-up where the 231 

vertical loading pattern is similar to that during running (Nin et al., in press). Further studies are 232 

needed to provide more insights into the mechanism of the plantar pressure redistribution using 233 

basketball shoes of varying midsole hardness.  234 

By comparing the influence of soft and hard shoes on plantar pressure variables in typical 235 

basketball-related maneuvers, this study provided a comprehensive view on plantar loading 236 

characteristics to enhance the current understanding of stress-related and soft tissue injuries 237 

(Cong et al., 2014; Guettler et al., 2006; Kavanaugh et al., 1978; Orendurff et al., 2008; Wong et 238 

al., 2007; Yu et al., 2007). In our study, the same hardness was applied to the entire midsole 239 

across the forefoot, midfoot and rearfoot regions (Figure 1c and 1d). Since our results showed 240 

that softer shoes are effective in reducing plantar loading for basketball related movements, 241 

optimizing midsole hardness (e.g. softer midsole at forefoot) may be a plausible remedy to 242 

reduce plantar loading. This may contribute to reduce the risk of injuries among basketball 243 

players who are exposed to high repetitive loading under the feet. From a performance 244 

perspective, however, the potential negative influence of soft midsole on energy return must also 245 

be considered. Future studies can investigate how to strike a balance between minimizing plantar 246 

loading without compromising athletic performance when optimizing basketball footwear. 247 

There are some limitations to this study. First, we did not consider subjective comfort 248 

rating, an important aspect of basketball footwear development (Nin et al., in press) which may 249 
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be associated with plantar pressure measurements (Hennig, 2014; Hong & Wang, 2008). Future 250 

studies can investigate the relationship between localized midsole hardness, plantar loading and 251 

subjective perception. Second, we did not control for foot type (Chuckpaiwong, Nunley, Mall & 252 

Queen, 2008) or anthropometry (Nin et al., in press) of the participants and these factors may 253 

have influenced the plantar pressure measurements. Third, we included only male recreational 254 

basketball players and did not consider their playing positions. It is possible that loading 255 

characteristics are influenced by sex, playing level and position. Finally, we only measured 256 

plantar pressure data during basketball related movements together with initial foot-ground angle 257 

at touchdown. To better understand the influence of midsole hardness, future investigations can 258 

consider synchronized kinematics and kinetic measurements throughout the entire movement.  259 

 260 

Conclusion 261 

When wearing softer shoes, basketball players exhibited lower plantar loading in various regions 262 

of the foot during running, maximal forward sprinting, maximal 45o cutting and the first step of a 263 

basketball lay-up. Lower peak pressure and pressure time integral were predominantly seen at 264 

the forefoot regions. This suggests that using a softer midsole in the forefoot region may be a 265 

plausible remedy to reduce the high plantar loading experienced by basketball players though its 266 

potential negative influence on performance should be further investigated. 267 

 268 
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Figure Captions 358 

Figure 1.(a) Experimental shoe, (b) Durometer for hardness measurement, (c) Average midsole 359 

hardness values of the 5 locations in each foot region, (d)  Pictorial representation of 360 

measurement locations for midsole hardness, and (e) The division of 10 recorded regions in 361 

each footprint. 362 

Figure 2. Schematic representation of four basketball-related movements: (a) Running, (b) 363 

Sprinting, (c) 45o cutting, and (d) Lay-up. Highlighted step represents analyzed step.  ¶364 

denotes infrared timing gates; ▲ denotes cone markers. 365 

Figure 3. (a) Pressure distributions of the four basketball-related movements during 366 

representative trials across all subjects. (b) Peak pressure and (c) Pressure time integral 367 

comparison between shoes; black arrow represents a significant lower peak pressure (or 368 

pressure time integral) in the soft shoe compared to the hard shoe, P < .05. 369 

370 
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