
Aalborg Universitet

Futsal playing surface characteristics significantly affect perceived traction and
change of direction performance among experienced futsal players

Ismail, Shariman Ismadi; Nunome, Hiroyuki; Lysdal, Filip Gertz; Kersting, Uwe Gustav;
Tamura, Yuji
Published in:
Sports Biomechanics

DOI (link to publication from Publisher):
10.1080/14763141.2022.2143415

Publication date:
2025

Document Version
Accepted author manuscript, peer reviewed version

Link to publication from Aalborg University

Citation for published version (APA):
Ismail, S. I., Nunome, H., Lysdal, F. G., Kersting, U. G., & Tamura, Y. (2025). Futsal playing surface
characteristics significantly affect perceived traction and change of direction performance among experienced
futsal players. Sports Biomechanics, 24(1), 41-52. https://doi.org/10.1080/14763141.2022.2143415

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            - Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            - You may not further distribute the material or use it for any profit-making activity or commercial gain
            - You may freely distribute the URL identifying the publication in the public portal -

Take down policy
If you believe that this document breaches copyright please contact us at vbn@aub.aau.dk providing details, and we will remove access to
the work immediately and investigate your claim.

https://doi.org/10.1080/14763141.2022.2143415
https://vbn.aau.dk/en/publications/1fd8ea07-ec9d-45ec-8e47-66edaf43aa16
https://doi.org/10.1080/14763141.2022.2143415


Downloaded from vbn.aau.dk on: December 04, 2025



For Peer Review Only
Futsal Playing Surface Characteristics Significantly Affect 
Perceived Traction and Change of Direction Performance 

Among Experienced Futsal Players 

Journal: Sports Biomechanics

Manuscript ID RSPB-2022-0111.R1

Manuscript Type: Original Research

Keywords: Soccer (MeSH), Athletic Performance (MeSH), Floors and Floorcoverings 
(MeSH), Friction (MeSH), Surface Properties (MeSH)

 

URL: http://mc.manuscriptcentral.com/rspb  Email: RSPB-peerreview@journals.tandf.co.uk

Sports Biomechanics



For Peer Review Only

1 Futsal Playing Surface Characteristics Significantly Affects Perceived 

2 Traction and Change of Direction Performance Among Experienced 

3 Futsal Players 

4

5 Abstract

6 We aimed to clarify the effect of different futsal playing surface structural 

7 properties on the resultant change of direction (COD) performance, perceived 

8 traction, and frictional properties. Twenty experienced male university soccer 

9 players performed a COD slalom-course test and perceived traction evaluation on 

10 three different types of playing surfaces (area-elastic: AE, point-elastic no.1: PE1 

11 and point-elastic no.2: PE2). Frictional properties of these surfaces were 

12 mechanically evaluated against a futsal shoe, using a hydraulic moving force 

13 platform, and expressed as available friction coefficient (AFC). In the COD 

14 performance test, the participants performed significantly better on the point-

15 elastic surfaces (PE1 and PE2) when compared to the area-elastic surface (AE) 

16 (p<0.05). Also, the PE2 surface was found to have the highest perceived traction 

17 (p<0.001). The findings suggest that the relatively higher (4%) AFC explains the 

18 improvement in performance and traction perception on the PE2 surface. In this 

19 study, we successfully demonstrated that the structural difference (AE or PE) of 

20 futsal playing surface has a significant impact on the COD performance of 

21 experienced futsal players and their perceived level of traction (PE2) and the 

22 frictional properties.

23

24 Keywords:  Soccer (MeSH), Athletic Performance (MeSH), Floors and 

25 Floorcoverings (MeSH), Friction (MeSH), Surface Properties (MeSH)

26

27

28

29
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30 Introduction

31 Indoor soccer, commonly known as futsal, is one of the fastest-growing indoor sports in 

32 the world (Berdejo-del-Fresno, 2014; Moore & Radford, 2014). In 2019, the first official 

33 futsal test methods and standard requirements (FIFA, 2019) were released by the 

34 Fédération Internationale de Football Association (FIFA). The standard includes the 

35 requirement for futsal playing surface, which was adopted from that of multifunctional 

36 indoor sports floor (the EN 14904). However, as the FIFA standard does not specify a 

37 particular type of playing surface for futsal, four different surface systems are being used 

38 at this time, namely: point elastic, mixed elastic, area elastic, and combined elastic (Dixon 

39 et al., 2015) which can be made from various materials or material combinations. 

40 Therefore, it is very common for futsal players to compete on several types of surfaces, 

41 namely a wooden flooring [area-elastic (AE)] or on various types of synthetic surfaces 

42 [point-elastic surface (PE)]. Futsal is characterised as a high intensity sport with many 

43 fast-paced changes of direction (Ismail & Nunome, 2021; Moore & Radford, 2014; 

44 Wolanski et al., 2017). These futsal-specific modalities and styles of play are additional 

45 factors that should be considered in the design of playing fields, since the sports surface 

46 is a crucial factor for injury risk (Dragoo & Braun, 2010; Pasanen et al., 2008) and athletic 

47 performance (Serrano et al., 2020).

48

49 Player–surface interactions in futsal could potentially be explained by several technical 

50 specifications such as the grip performance (friction/traction), shock-absorption level, 

51 and vertical deformation. Here, the nature of higher shock absorbency typically coincides 

52 with a larger vertical deformation of the playing surface, which is commonly perceived 

53 as a better protection and comfort for the players (Dixon et al., 2015). However, it is still 

54 unknown whether these aspects have substantial impact on player performance. A survey 
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55 among soccer players revealed that the athletes set their highest priorities on the 

56 performance outcome, rather than injury prevention, when questioned about shoe–surface 

57 interactions (Hennig & Sterzing, 2010). It was also reported that the players specifically 

58 picked comfort and traction performance as the most preferred aspects of soccer shoes. 

59 This observation highlights the importance of traction properties from the perspective of 

60 player–surface interaction in football.

61

62 The player–surface traction performance is typically quantified as the available friction 

63 coefficient (AFC) commonly measured using mechanical tests (Blanchette & Powers, 

64 2015; Iraqi et al., 2018). Meanwhile, athletic performance regarding footwear–surface 

65 interactions are typically assessed by sport-specific motor performance, for example 

66 sprinting or sprinting including change of direction (COD) movements. These functional 

67 tests would provide important information as a direct parameter assessing the 

68 functionality of footwear–surface interactions (Sterzing et al. 2007), as well as a direct 

69 performance indicator of futsal playing ability (Sekulic et al., 2019). Moreover, athlete–

70 floor interface has also been studied based on the player’s perception of the traction 

71 performance (Gronqvist et al., 1993; Morio et al., 2015, 2017). A recent study reported a 

72 significant relationship between the measured friction coefficient and the perceived grip 

73 performance of athlete–sports surface interface (Morio et al., 2015). Therefore, both 

74 sports-specific functional tests and the perceived grip performance to a given sports 

75 surface, could potentially be used as a direct, strong indicator to illustrate the influence 

76 of playing surface on player’s performance. Although it is widely accepted that the 

77 frictional properties of sports surface affect athletic performance (McGhie & Ettema, 

78 2013; Worobets & Wannop, 2015) it still remains unclear whether there are any 
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79 performance-related differences between area-elastic (AE) and point-elastic (PE) sports 

80 surfaces in futsal.

81

82 Therefore, the purpose of this study was to determine the effect of different types of futsal 

83 playing surfaces on: (1) change of direction performance of players, (2) players’ 

84 perceived traction evaluation, and (3) mechanically measured available friction 

85 coefficients. It was hypothesized that substantial differences exist across all three 

86 parameters among different futsal playing surfaces.

87

88 Materials and Method

89 Study Design

90 We designed and conducted a mixed-methods study to determine the effect of floor 

91 choice on athletic performance in futsal. Our methodology included a randomized 

92 crossover study on completion time, and perceived level of traction (‘poor’ to ‘excellent’), 

93 during a functional change of direction test, as well as a mechanical assessment of friction 

94 between futsal shoe and futsal surfaces.

95

96 Participants

97 In the crossover experiment of this study, twenty experienced male university soccer 

98 players (Kartal, 2016; Milanovic et al., 2011) were recruited (Age 20 ± 1.3 years old, 

99 body mass 66.6 ± 3.6 kg, height 174 ± 4 cm, soccer experience 13 ± 2 years; means +/- 

100 standard deviations). All participants had been involved at a competitive level for more 

101 than 10 years and were competing at university level at the time of inclusion. The 

102 exclusion criteria included any history of lower limb fracture and serious lower limb 

103 ligament injuries in the previous six months. All participants provided their written 
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104 informed consent prior to the study in accordance with the research ethical approval 

105 obtained from the institutional research ethics committee.

106

107 Change of direction functional tests

108 The experimental set-up of the slalom-course; change of direction (COD) performance 

109 test is shown in Figure 1. The slalom course was adopted based on a previous study that 

110 investigated a similar soccer player–surface interaction in soccer (Sterzing et al., 2009). 

111 In addition, this study was also adopted based on past studies that compared futsal and 

112 soccer players, and found no significant differences in both sports on agility and change 

113 of direction performances (Kartal, 2016; Milanovic et al., 2011). Three identical test areas 

114 were prepared separately for three different EN 14904-certified futsal playing surfaces 

115 (AE: hardwood surface, PE1: vinyl surface 1, PE2: vinyl surface 2), which are 

116 commercially available and widely used. The technical specifications and material 

117 properties of these playing surfaces are shown in Table 1.

118

119 Shock-absorbency, vertical deformation, and sliding coefficient properties were obtained 

120 from the manufacturer’s official technical data sheets. The hardness of each playing 

121 surface was measured using a Shore A and Shore D durometer (Shore A Durometer 

122 model: PCE-DX-A, and Shore D Durometer model: PCE-DD-D, PCE Instruments UK 

123 Ltd., Southampton Hampshire, United Kingdom). The mean surface hardness of Shore A 

124 and Shore D measurements was computed as the mean values of five repetitions on each 

125 playing surface.  An infrared timing-gate system (Witty System, Microgate, Italy) with 

126 maximum precision (±0.4 milliseconds) was utilized to record the resultant completion 

127 time of the change of direction functional test. Throughout the functional test, all 
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128 participants wore the same futsal shoes (Mizuno Monarcida Sala, model no. Q1GA1611) 

129 in their self-selected shoe size.

130

131 In the functional tests, each participant performed three maximal trials in a randomized 

132 order on each futsal playing surface (no two consecutive trials on the same surface). Prior 

133 to the actual trial, all participants were able to perform test-course familiarization on all 

134 three surfaces for as long as they needed. This was to ensure that each participant was 

135 well adapted to each different surface before actual trials were conducted (Morio & 

136 Sissler, 2016). The participants were then instructed to complete the functional change of 

137 direction course as fast as possible. The resultant completion time was measured by a pair 

138 of timing gate set at start/end point (Figure 1). Immediately after each run, all participants 

139 were also asked to evaluate their perceived shoe–playing surface traction performance 

140 using a 5-point Likert scale (1 = poor, 2 = fair, 3= average, 4 = good, 5 = excellent) 

141 (Bartholomew & Miller, 2002).

142

143 Available friction coefficient (AFC)

144 The available friction coefficient (AFC) for each playing surface was measured using a 

145 mechanical system consisting of a 4-degrees of freedom, hydraulic-powered robotic 

146 platform (van Doornik & Sinkjaer, 2007) equipped with a force plate sampling at 1200 

147 Hz (Figure 2a). This specific setup has previously been demonstrated to precisely 

148 evaluate shoe–surface friction (Ismail et al., 2021; Jakobsen et al., 2022; Lysdal et al., 

149 2022).

150

151 Above the moving platform, an artificial foot made from nylon was statically secured to 

152 a profile steel frame structure. During the mechanical test, the same model of futsal shoes 
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153 that were used for the functional test were tightly secured to the artificial foot. Samples 

154 of playing surface were attached on the top of the force platform and secured by strong 

155 double-sided tape. To avoid any unwanted movements between the shoe and artificial 

156 foot, the anterior and posterior part of the of the shoe’s upper was fixed to the artificial 

157 foot using bolts and nuts. The moving force platform was controlled using a customized 

158 system based on National Instruments technology (Mr. Kick, v. 2.030, Knud Larsen, 

159 Aalborg University, Denmark). The platform started at an initial position below the shoe 

160 and upon activation it moved towards the static shoe to apply the normal load to the shoe. 

161 Upon receiving the normal load, the force platform would move horizontally, creating a 

162 backward horizontal sliding motion between the top layer of the playing surface and the 

163 shoe outsole. The test conditions were set as: (1) Normal load = 500N, (2) Force platform 

164 sliding velocity at 0.3 m/s, (3) Shoe and playing surface sliding horizontally with contact 

165 angle at 0 degree (Figure 2a). The testing parameters were selected in accordance with 

166 EN ISO: 13287:2019. From this standard, the flat contact angle was selected due to the 

167 larger contact area between floor and outsole, and thus likely more representative of the 

168 high-demanding mid-stance during maximal effort change of directions in futsal. The test 

169 on each playing surface was repeated five times. Before and during the test, the shoe’s 

170 outsole and the playing surfaces were prepared and cleaned in accordance with the ISO 

171 13287:2019 test standard for dry assessments of slip resistance. The ground reaction 

172 forces (Fx, Fy, Fz) during the mechanical test were recorded using a force platform 

173 (AMTI-OPT464508HF-1000, Advanced Mechanical Technology, Inc. Watertown MA, 

174 USA) that was synchronized with Qualisys motion analysis system (Qualisys AB, 

175 Gothenburg, Sweden) and analysed using Visual3D v6 (C-Motion Inc., Maryland, USA). 

176 The friction coefficient was calculated using the following equation (1):

177 Friction Coefficient, FC =  (1) 
𝐹𝑥2 + 𝐹𝑦2

|𝐹𝑧|
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178 The AFC was defined as the mean value of friction coefficient during 100 ms of the 

179 steady-state condition of the friction coefficient curve (Figure 2b) (Morio et al., 2015).

180

181 Statistical analysis

182 The resultant time of the functional test and the score of perceived traction performance 

183 across all surfaces were analysed by one-way ANOVA repeated measures (p <0.05). Post-

184 hoc Bonferroni analysis was then performed if necessary, at significance level of p < 0.05. 

185 All statistical analyses in this study were conducted using an open source statistical 

186 package (PSPP software version 1.0.1). 

187  

188 Results  

189 Slalom test performance

190 On average, the fastest performance time was recorded when the participants ran on PE2 

191 surface, yielding a 0.12-second advantage compared to PE1 and a 0.56-second advantage 

192 to AE. The participants also showed smaller coefficient of variation (CV) for the 

193 performance time when running on PE2 (0.069) compared to PE1 and AE surfaces (0.074 

194 and 0.095 respectively). As shown in Figure 3, several statistical differences were 

195 observed. The performance time on PE2 [9.50 ± 0.66 (s)] and PE1 [9.62 ± 0.71 (s)] 

196 surfaces were significantly faster (p<0.001 and p=0.01 respectively; effect size Cohen’s 

197 f = 0.469) compared to AE surface [10.06 ± 0.96 (s)] while there was no significant 

198 difference for the performance time between PE1 and PE2 surfaces (Figure 3). 

199

200

201 Perceived traction performance
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202 There were apparent differences among the three playing surfaces for the perceived 

203 traction during the functional tests (p<0.01; effect size Cohen’s f = 0.913). Significantly 

204 higher perceived traction scores were obtained when the participants run on PE2 (4.43 ± 

205 0.7: post hoc p<0.001) and PE1 surfaces (4.13 ± 0.7: post hoc p<0.001) than AE surface 

206 (2.5 ± 1.3), while no significant difference was found between PE1 and PE2 surfaces 

207 (Figures 4a). 

208

209 Available friction coefficient (AFC)

210 The available friction coefficient (AFC) values ranged from 1.34 to 1.40 as shown in 

211 (Figure 4b). PE2 surface provided 4% of higher AFC (1.40 ± 0.004)  when compared of 

212 other two playing surfaces (PE2: 1.35 ± 0.01; AE: 1.34 ± 0.01).

213

214 Discussion and Implications

215 The purpose of this study was to identify the effect of different types of futsal playing 

216 surfaces on performance of change of direction run, perceived traction evaluation, and 

217 mechanically measured available friction coefficient (AFC). We hypothesized that 

218 substantial differences exist across all three parameters among different futsal playing 

219 surfaces, and our findings have supported this hypothesis. The participants showed 

220 significantly faster completion times of the COD performance test and rated the perceived 

221 traction of the PE surfaces to be significantly better, compared to the AE surface. These 

222 outcomes are explicable by the mechanically measured frictional property of PE2 surface. 

223 This surface possesed relatively higher AFC (4%) when compared to the other two 

224 surfaces (Figure 4b). This finding is in line with a previous study (Morio & Herbaut, 

225 2018), where a relatively high frictional surface was found to significantly decrease 

226 several important spatio-temporal parameters of running such as stance duration, braking 

Page 17 of 33

URL: http://mc.manuscriptcentral.com/rspb  Email: RSPB-peerreview@journals.tandf.co.uk

Sports Biomechanics



For Peer Review Only

227 duration and push-off duration, thereby improving resultant performance. In the present 

228 study, we succeeded in demonstrating consistent relationships among resultant COD 

229 performance, perceived traction, and mechanically measured AFC within the given 

230 conditions mimicking actual futsal specific player mobility. 

231

232 In addition, the coefficient of variation (CV) of the resultant completion time when the 

233 participants run on PE2 surface was found to be lower from the other two surfaces (Figure 

234 3). This finding suggests that the participants tend to execute the COD performance test 

235 in a more consistent manner when running on the PE2 surface. Again, it can be suggested 

236 that relatively higher AFC value of PE2 surface may allow the participants achieving less 

237 variant (inter-individual) resultant completion time. In one previous study it has been 

238 suggested that to avoid and reduce slipping risk, participants will run cautiously on a 

239 surface with lower frictional characteristics. This is because under those circumstances, 

240 participants do not have the full confidence in getting enough traction and tend to run 

241 slower on a given test protocol (Hennig & Sterzing, 2010). Another previous study 

242 (Morio & Herbaut, 2018) also revealed that when performing a COD run on a low-

243 traction surface, participants would alter the neuromechanical strategy to control their 

244 movement which could be associated with a reduced and inconsistent performance. Thus, 

245 it can be suggested that the present participants felt more confident when running on the 

246 PE2 surface due to relatively higher AFC and perceived traction. 

247

248 Furthermore, the underlying foam layer of both synthetic floor surfaces (PE1 and PE2) 

249 enables a point elastic deformation of the surface which can increase the contact area and 

250 thereby increase the AFC (Moriyasu et al., 2019). This might explain why both synthetic 

251 surfaces outperform the AE hardwood surface on both perceived traction and completion 
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252 time in the COD test. Besides, futsal shoes are normally manufactured without a midsole 

253 (foam) component. In the case of futsal, this highlights the importance floor deformation 

254 on perceived and available shoe–surface friction. The addition of a midsole in the shoe 

255 design would add a further cushioning layer, multiple times larger than that of PE1 and 

256 PE2, to the shoe–floor interaction that would decrease the importance of floor 

257 deformation. This also means, that the significant effects of floor type that we observed 

258 across all three outcome parameters would likely be diminished if our tests were to be 

259 conducted using cushioned indoor sports footwear. Generally, among the futsal players 

260 tested in this study, the artificial floors with higher traction was considered superior and 

261 their preferred choice of flooring for futsal matches. These floor types are, however, 

262 associated with an increased risk of injury compared to wooden flooring (Pasanen et al., 

263 2008). This increased risk of injury is likely a result of the higher shoe–surface interaction 

264 (Thomson et al., 2015), where the point elastic deformation of the surface increases the 

265 contact area between outsole and floor (Moriyasu et al., 2019), and in some scenarios this 

266 might result in entrapment of the shoe into the surface.

267

268 Interestingly, a somewhat contradicting result has previously been reported for the 

269 differences between PE and AE surfaces during an agility test protocol (Serrano et al., 

270 2020). Here, the participants performed change of direction significantly faster on the AE 

271 surface compared to the PE surface. However, despite their improved ability to change 

272 direction, no difference was found in overall completion time of the agility test between 

273 the surfaces (Serrano et al., 2020). Differences in test protocols, surface samples and 

274 participant age-groups, and sample size might partially explain the contradicting results. 

275 However, the fact that this study does not include information about frictional properties 

276 of the tested surfaces makes a direct comparison close to impossible. It is therefore 
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277 unknown whether the AE surface used in that study might exhibit relatively higher AFC 

278 than that of the PE surface. The present findings suggest that frictional specification of 

279 playing surface could play a crucial role on player’s COD performance and the 

280 mechanically measured frictional specification such as AFC to a specific shoe would help 

281 to estimate the actual grip nature during actual sporting situation.

282

283 In this study, all three playing surfaces possessed a similar frictional property  (80–110 

284 BPN in Table 1) from the product specification identified by the British Pendulum (Skid 

285 resistance test adopted by EN 14904 standard). In contrast, each surface performed 

286 differently when measured by mechanical test or evaluated by the participants, even 

287 though these two surfaces  (PE1 and PE2) were made from a similar surface material. 

288 Perhaps, there were other differences in properties between PE1 and PE2 that could 

289 influence the overall surface charateristics such as surface roughness and hardness that 

290 was not disclosed by the manufacturer. As frictional properties of surfaces are specific to 

291 particular loading patterns (Clarke et al., 2012), the observed discrepancy can be 

292 explained by different loading patterns applied by these two tests. From the given 

293 findings, it should be highlighted that the mechanical test used in this study succeeded in 

294 discriminating concealed differences of frictional properties among the three surfaces. As 

295 the AFCs yielded in the current test corresponded with the outcome of COD performance 

296 and participant’s evaluation, it can be suggested the loading pattern of the current test is 

297 closely mimicking actual player’s to surface interaction during COD running.

298

299 The findings of present study are supported by Schrier et al. (2014), suggesting that 

300 available traction could be the performance limiting factor rather than surface compliance 

301 during a quick turn movement task. In this study, we also observed the surface with 
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302 relatively lower hardness (PE2: Shore A 86.8 ± 0.8) showing a better traction 

303 performance among the tested surface materials (AE: Shore A >100; PE1: Shore A 90.6 

304 ± 1.1). Mohan et al. (2015) investigated the influence of surface hardness on slip-

305 resistance performance of visco-elastic materials with similar surface roughness but 

306 differences in hardness. Here, they revealed that softer materials tend to create greater 

307 effective contact area and more pronounced microscopic deformations in the mechanical 

308 interlocking between the shoe outsole and flooring surface asperities during shoe–surface 

309 interaction (Mohan en al., 2015). Similar findings were also reported by Derler et al. 

310 (2008) where softer shoe sole materials tend to generate relatively higher friction 

311 coefficients and increased slip-resistance performance. The current findings imply that 

312 the hardness of the surface may be warranted to be further investigated in order to more 

313 comprehensively understand the interaction of these factors in surface traction. 

314

315 Finally, the sport-specific COD performance test used in this study did represent traction-

316 related aspects between futsal footwear and playing surfaces, thereby supporting the 

317 findings of other previous studies with similar interest on playing surfaces (De Clercq et 

318 al., 2014; McGhie & Ettema, 2013). The order of the COD performance test results, were 

319 consistent with those of perceived traction evaluation and AFC. This supports the 

320 feasibility of functional performance tests with multiple CODs to evaluate effect of shoe–

321 playing surface interactions. 

322

323 This study is not without limitations. First, the study only focused on one type of 

324 hardwood flooring and two types of vinyl flooring. It should be acknowledged that there 

325 are many other types and manufacturers of area-elastic and point-elastic flooring 

326 materials that are commercially used for futsal. Therefore, the present findings should not 
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327 be generalised for all types of area-elastic and point-elastic flooring materials. Second, 

328 the slalom-course functional test was effective to differentiate the level of functional 

329 performance between different type of flooring. However, it remains unknown whether a 

330 higher traction floor would have substantial influence on the outcome of a futsal match, 

331 since both teams would benefit from the same surface during a match. Thus, future works 

332 related to this topic should include testing of additional types of futsal flooring, both 

333 mechanically and with relevant functional tests of futsal-specific motions.

334

335 Conclusion

336 In this study, we demonstrated a significant influence of futsal playing surfaces on player 

337 change of direction performance, player’s perceived traction, and mechanically 

338 determined available friction coefficient. The point-elastic surface (PE2) used in this 

339 study was found to be superior across all three measured outcome parameters compared 

340 to the other surfaces. From this, it can be concluded that the structure of playing surface 

341 and its available friction coefficient can influence the change of direction performance 

342 and perceived traction among futsal players. Critical values of shoe–surface friction 

343 coefficient were perceived differently by human participants and these differences have 

344 translated into a better performance of change of direction in futsal.

345
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522 Figure 1. (a) Slalom-course change of direction functional test, and (b) Playing surfaces 
523 and shoes used in the study.
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525 Figure 2. (a) Moving force platform for AFC measurement, and (b) example of a 
526 typical friction coefficient curve derived from the force platform measurement.
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528 Figure 3. Distribution of resultant time of change of direction functional test. Red dotted 
529 lines show the group average († indicates a significant difference of Bonferroni post-hoc 
530 analysis (p<0.01); ‡ indicates a significant difference of Bonferroni post-hoc analysis 
531 (p<0.001)).
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533 Figure 4. Average (±SD) of (a) perceived traction and  (b) available friction coefficient 
534 (‡ indicates a significant difference of Bonferroni post-hoc analysis (p<0.05)).
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Table 1. Technical specifications of playing surfaces

Technical specifications

Flooring surface/

model

Shock-

absorption

Vertical 

deformation

Sliding coefficient

(British Pendulum 

Number, BPN)

Surface hardness 

(Shore A)

Surface hardness

 (Shore D)

Area-elastic (Hardwood): AE

Junckers Beech Sylvasport

40 - 55% 1.8 – 3.5mm 80 - 110 >100 67.8 ± 0.6

Point-elastic 1 (Vinyl): PE1

Taraflex® Multi-Use 6.2

25 - 35% <2.0mm 80 - 110 90.6 ± 1.1 47.7 ± 0.3

Point-elastic 2 (Vinyl): PE2

Taraflex® Sport M Evolution

25 - 35% <2.0mm 80 - 110 86.8 ± 0.8 41.2 ± 1.3
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Figure 1. (a) Slalom-course change of direction functional test, and (b) Playing surfaces 
and shoes used in the study.

(a)                                                                                                               (b)

Figure 2. (a) Moving force platform for AFC measurement, and (b) example of a 
typical friction coefficient curve derived from the force platform measurement.
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Figure 3. Distribution of resultant time of change of direction functional test. Red dotted 
lines show the group average († indicates a significant difference of Bonferroni post-hoc 
analysis (p<0.01); ‡ indicates a significant difference of Bonferroni post-hoc analysis 
(p<0.001)).

Figure 4. Average (±SD) of (a) perceived traction and  (b) available friction coefficient 
(‡ indicates a significant difference of Bonferroni post-hoc analysis (p<0.001)).
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