Check for
updates

Korean Journal of Sport Science 2026, 37(1), 113-122
https://doi.org/10.24985/kjss.2026.37.1.113

Original Article

KsrPo’

Biomechanical and Physiological Responses to Different Walking
and Running Surfaces: A Repeated-Measures Pilot Study on Cork,
Polyurethane, and Concrete

Gukhyeon Kim', Kailin Xing', Zhu Fang', Eulseob An? Jaegon Ko’, and Siddhartha Bikram Panday**

'Department of Physical Education, Hanyang University
’Department of Sports Rehabilitation, Daelim University
*Department of Golf Management, Yeoju Institute of Technology
Division of Sports Industry and Science, Hanyang University

Article Info

Received 2025.12.31.
Revised 2026.02. 24.
Accepted 2026.03.17.

Correspondence*
Siddhartha Bikram Panday
siddartha@hanyang.ac.kr

Key Words

Surface material,
Tibial shock, Cork,
Sustainable material,
Walking, Running

PURPOSE This pilot study investigated biomechanical and physiological responses
during walking and running on three surface materials: concrete, polyurethane,
and cork. METHODS Four healthy young adult males completed barefoot walking
at a speed of 1.4 m/s and running at 2.6 m/s on each surface under a randomized
repeated-measures design. Tibial shock was quantified using a wireless inertial
measurement unit attached to the distal tibia. Oxygen consumption (VO,) and
heart rate (HR) were measured using a portable metabolic analyzer and a heart rate
monitor, respectively. RESULTS During walking, tibial shock tended to be lower
on the cork surface in most participants. In contrast, no consistent surface-related
pattern was observed during running, and substantial interindividual variability was
evident. Heart rate remained relatively stable across locomotion conditions, although
lower values were generally observed on cork and higher values on concrete surface.
Oxygen consumption also exhibited considerable individual variability, with no
clear differences detected among the surface conditions. CONCLUSIONS Overall,
the findings suggest that cork surfaces may provide biomechanical advantages,
attenuating impact forces during walking. However, physiological responses,
including heart rate and oxygen consumption, appear to be less sensitive to surface
materials. In addition, the results support the feasibility of the experimental protocol
and provide a methodological foundation for future large-scale studies examining
the effects of surface materials on locomotor performance.
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Table 1. Characteristic subjects (Mean+SD)
Variables Male (n=4)
Age (years) 23.5%1.7
Height (cm) 178+6.5
weight (kg) 79.9+7.7
gt 27
(n=4)
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Fig. 1. Experimental procedure
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(A)
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Fig. 2. Experimental equipment. (A) Inertial measurement unit (IMU)
sensor (B) Portable VO. analyzer

(Noraxon, USA) & ARESIAT ESH AL HHF 285 918 VO,
Master(VO: Master Health Sensors, Canada) (Fig. 2)&} 48}
Z=7& 9I3t Polar H10(Polar Electro, Finland)E A5}t

& 34 (tibial shock) £482 4 I &4 AA Ultium 3D
Motion IMU(Noraxon USA Inc., Scottsdale, AZ, USA)S A}8-3]
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Table 2. Tibial acceleration during walking and running across surface materials

Variable Condition S1 S2 S3 S4 M=+SD CV(%)
Walking tibial concrete 3936.55 4413.95 4424.22 2772.61 3886.83+£776.88 20.0
acceleration  polyurethane 3298.74 5203.36 5322.19 2371.29 4048.90+1452.72 359
(mG) cork 3788.63 3956.07 3790.60 1963.73 3374.76+943.95 28.0
Running tibial concrete 8907.40 6780.00 6561.98 13151.59 8850.24+3056 345
acceleration  polyurethane 8951.60 8189.99 9737.20 10810.64 9422.36+1120 11.9
(mG) cork 8709.00 6790.73 8502.00 10000.93 8500.67+1318 15.5
Table 3. Oxygen consumption and heart rate during walking across surface materials
Variable Condition S1 S2 S3 S4 M=+SD CV(%)
concrete 16.76 12.21 13.56 16.15 14.6742.15 14.7
VO:
(mL/kg/min) polyurethane 15.88 10.55 13.27 13.99 13.42+£2.21 16.5
cork 16.88 11.57 12.02 16.97 14.36+2.93 20.4
concrete 91.38 123.98 117.55 135.20 117.03+18.59 15.9
HR(bpm) polyurethane 92.28 112.83 110.52 121.32 109.24+12.22 11.2
cork 82.88 106.60 92.73 113.55 98.94+13.52 13.7
mean(M)+standard deviation(SD), coefficient of variation(CV)
Table 4. Oxygen consumption and heart rate during running across surface materials
Variable Condition S1 S2 S3 S4 M=£SD CV(%)
o concrete 47.49 29.66 27.46 34.58 34.79+8.97 25.8
VO:
(mL/kg/min) polyurethane 46.93 32.15 30.93 34.57 36.14+7.35 20.3
cork 44.92 33.58 30.15 35.81 36.11+6.32 17.5
concrete 145.72 179.48 174.15 184.55 170.98+17.37 10.2
HR(bpm) polyurethane 151.73 176.28 167.95 181.00 169.24+12.86 7.6
cork 133.45 171.95 161.40 179.33 161.53+12.86 8.0

mean(M )+standard deviation(SD), coefficient of variation(CV)
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1452.72 mG) #° & e tH(Table 2). /¥ 2= 43
(S2, S3, S4)0llA 23 FA0] 7FF FL AZ AL HY
7] Al AZ 7k4 s 31 7 93 miEo] FEiekA] ke

1 14.36+2.93 mL/kg/minS. & =7 7t Wi 2jol= A Yl
27E CVE 14.7-20.4% M A HTable 3). §FH Ha§ A] Hufs
(HR)= #23(98.94+13.52 bpm), 225H109.24+12.22 bpm),
238 E(117.03£18.59 bpm) <22 | ¥ LFolA 5Lt B
o] Moyl EEJoH, 2AY CVE 11.2-15.9% A HTable 3).
Z2]7] Al VO= 23 E 34.79+8.97, 3 36.14+7.35, T2
3 36.1146.32 mL/kg/minC& X 27 7F =815l Rjol= g9l
HA] A9ky, 2AE CVE 17.5-25.8%5 YEFGtHTable 4). 2
7] Al HRS Z25(161.53+12.86 bpm), $-#€H169.24+12.86
bpm), 28 E(170.98+17.37 bpm) €22 B} FARE A
S HYon 2AY CVE 7.6-10.2% A tHTable 4).
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Fig. 5. Mean biomechanical and physiological responses across surface materials during walking and running. (A) Mean oxygen consumption (VO.)
and heart rate during walking on concrete, urethane, and cork surfaces, averaged across four participants. (B) Mean oxygen consumption (VO. )
and heart rate during running on concrete, urethane, and cork surfaces, averaged across four participants. (C) Mean tibial shock during walking
(left) and running (right) on each surface material, averaged across four participants.
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