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Background. Trail runners face uneven terrains requiring optimal foot stability and
postural control. The short foot exercise (SFE) may acutely enhance dynamic balance and
foot arch height, potentially mitigating injury risk. This study aimed to evaluate the acute
eûects of the SFE on postural control and kinematics during a dynamic balance test in trail
runners, considering the variations in the weekly training volumes of the participants.
Methods. Sixteen adult trail runners (mean age 36 ± 8.4 years; 50% male) with at least
one year of trail running experience were evaluated. Dynamic balance was assessed using
the Y-Balance Test (YBT), and foot kinematics were measured via the Arch Height Index
(AHI) using a 3D motion capture system. Baseline measurements were taken, followed by
an SFE protocol: the participants had to perform 12 repetitions of 5-second contractions,
which they did in 3 sets with 2 minutes of rest between sets. Immediately afterward, YBT
and AHI were reassessed.
Results. YBT showed signiûcant improvements in all reach directions after the application
of the SFE (p < 0.05). In contrast, no signiûcant changes were observed in the AHI across
reach directions (p > 0.05). However, subgroup analysis by weekly training volume
revealed that participants with higher weekly volumes experienced a signiûcant increase
in anterior AHI (mean diûerence = -0.54 mm; 95% CI = -1.09 to 0.01; p = 0.027; eûect
size = 0.13). The SFE may acutely improve foot kinematics and dynamic balance in trail
runners; however, these eûects are inûuenced by the weekly training volume of the
participants.
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39 Abstract

40 Background. Trail runners face uneven terrains requiring optimal foot stability and postural 

41 control. The short foot exercise (SFE) may acutely enhance dynamic balance and foot arch 

42 height, potentially mitigating injury risk. This study aimed to evaluate the acute effects of the 

43 SFE on postural control and kinematics during a dynamic balance test in trail runners, 

44 considering the variations in the weekly training volumes of the participants. 

45 Methods. Sixteen adult trail runners (mean age 36 ± 8.4 years; 50% male) with at least one year 

46 of trail running experience were evaluated. Dynamic balance was assessed using the Y-Balance 

47 Test (YBT), and foot kinematics were measured via the Arch Height Index (AHI) using a 3D 

48 motion capture system. Baseline measurements were taken, followed by an SFE protocol: the 

49 participants had to perform 12 repetitions of 5-second contractions, which they did in 3 sets with 

50 2 minutes of rest between sets. Immediately afterward, YBT and AHI were reassessed.

51 Results. YBT showed significant improvements in all reach directions after the application of 

52 the SFE (p < 0.05). In contrast, no significant changes were observed in the AHI across reach 

53 directions (p > 0.05). However, subgroup analysis by weekly training volume revealed that 

54 participants with higher weekly volumes experienced a significant increase in anterior AHI 

55 (mean difference = -0.54 mm; 95% CI = -1.09 to 0.01; p = 0.027; effect size = 0.13). The SFE 

56 may acutely improve foot kinematics and dynamic balance in trail runners; however, these 

57 effects are influenced by the weekly training volume of the participants.

58

59 Introduction

60 Trail running is an outdoor running discipline performed across diverse terrains, including 

61 mountains, deserts, native forests, tropical jungles, coastal areas, grassy plains, and arid regions 

62 (Scheer et al., 2020). In recent years, this sport has experienced remarkable growth in popularity, 

63 establishing itself as the leading all-terrain running discipline (Mocanu, 2015). Trail runners face 

64 various challenges, including significant elevation changes, diverse environmental and weather 

65 conditions, and uneven terrains (Mocanu, 2015; Scheer et al., 2020). While the physical health 

66 benefits of running are well-documented, navigating trails with heterogeneous surfaces increases 

67 the risk of injury (Matos et al., 2021; Viljoen et al., 2021). The ankle-foot joint complex is 

68 among the most frequently injured regions of the body, accounting for approximately 50% of 

69 injuries, characterized by ligament, or joint capsule injuries (Viljoen et al., 2021, 2022). 

70 Trail running requires quick cognitive processing of the environment, the ability to respond 

71 to variations in the ground surface, obstacle avoidance, and positional adjustments of the foot in 

72 response to the terrain's elevations (Vincent, Brownstein & Vincent, 2022). To maintain postural 

73 control in this type of activity, runners use anticipatory and reactive strategies in response to 

74 obstacles on the roads(Vincent, Brownstein & Vincent, 2022). The short foot exercise (SFE) has 

75 been used to improve postural control in various demanding motor tasks by contracting and 

76 activating the intrinsic foot muscles (IFM)7. The IFM are a subset of the central foot system that 

77 play an important role in static and dynamic posture, helping to improve movement control, 

78 stabilization, and foot flexibility during stance phase8. They allow for the absorption of impact 
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79 energy, enhance the dynamic alignment of the foot, support the medial longitudinal arch (MLA) 

80 of the foot, and provide plantar proprioceptive feedback (Kelly et al., 2014; McKeon et al., 

81 2015). The most important element of foot function is the MLA,  as postural demands increase, 

82 the IFM stabilize the foot, directly improving the posture of the foot arch via significant changes 

83 in the length and height of the MLA (Kelly et al., 2012, 2014; Mulligan & Cook, 2013). These 

84 foot arch changes can be compared through validated clinical kinematic methods such as the 

85 Arch Height Index (AHI),  which is used to evaluate changes in MLA in static and dynamic tasks 

86 (Uhan et al., 2023). In recent years, it has been demonstrated that foot training with the SFE 

87 provides benefits in static and dynamic postural control in healthy young individuals, people 

88 with flat feet, and even those with ankle instability. The SFE improves the muscle strength of the 

89 IFM, consequently, achieving adequate support of the medial longitudinal arch (Lynn, Padilla & 

90 Tsang, 2012; Mulligan & Cook, 2013; Kim & Kim, 2016; Lee & Choi, 2019; Moon & Jung, 

91 2021). Furthermore, it has been demonstrated that training this musculature reduces the risk of 

92 injury by 2.2 times compared to a control group of recreational runners (Suda et al., 2022). The 

93 authors of this study point out that with greater foot strength, the runner may sustain longer 

94 distances without developing a running-related injury, as the SFE acts as a protective factor 

95 against lower limb injuries. To the best of our knowledge, no studies have explored the benefits 

96 of strengthening the intrinsic foot musculature in trail runners.

97 Training workloads are also central to the development of injuries for runners (Drew & 

98 Finch, 2016). It has been proposed that higher training loads lead to higher injury rates (Gabbett, 

99 2016; Soligard et al., 2016), and if these weekly training workloads increase rapidly, the athlete 

100 faces a high risk of injury (Gabbett et al., 2016). Training for more than 5.4 hours per week, 

101 including competition hours, is associated with a higher risk of injury in individual sports 

102 (Hartwig et al., 2019). Furthermore, in team sports, an additional hour of weekly training has 

103 been found to increase the risk of injuries in young athletes, with ankle sprains being among the 

104 most common injuries (Giroto et al., 2017). However, if training workloads are applied 

105 progressively, they can foster resilience in athletes, resulting in lower injury rates and 

106 performance optimization (Gabbett, 2016).  

107 Foot stability, directly modulated by the intrinsic foot muscle, may play an important role 

108 in motor tasks requiring dynamic postural control or movements that demand more effort, such 

109 as climbing slopes, accelerating, decelerating, or jumping (Besomi et al., 2018). However, the 

110 potential acute effects of the short foot exercise on dynamic postural control and foot kinematics 

111 have not yet been investigated as a possible strategy for injury prevention in trail runners. 

112 Furthermore, the influence of weekly training volume on foot stability and kinematics in trail 

113 runners remains unknown. This study aimed to evaluate the acute effects of the short foot 

114 exercise on postural control and foot kinematics during a dynamic balance test in trail runners, 

115 considering the participants' varying weekly training volumes. We hypothesize that the short foot 

116 exercise will immediately enhance dynamic balance and increase the arch height index of the 

117 foot in trail runners. Furthermore, we anticipate that runners with higher weekly training 
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118 volumes will exhibit a greater improvement in arch height index and perform better on the 

119 dynamic balance test compared to those with lower training volumes.

120

121 Material & Methods

122 Study design

123 This was a quasi-experimental study. Dynamic balance measurements were taken before and 

124 after the application of the short foot exercise using the Y-Balance Test (YBT) in the anterior, 

125 posterolateral, and posteromedial directions. Additionally, foot kinematics were assessed through 

126 the arch height index during the YBT performance.

127

128 Participants

129 A non-probabilistic convenience sampling was conducted, resulting in a sample of 16 volunteers. 

130 The sample size was determined using G*Power software (version 3.1.9.7; Franz Faul, 

131 University of Kiel, Kiel, Germany) based on an effect size of 0.66 in the SFE, an alpha error of 

132 0.05, and a power of 0.80, which were calculated from data from a previous study (Lynn, Padilla 

133 & Tsang, 2012). To recruit participants, every running club in the city of Valdivia (Chile) was 

134 contacted by sending a form via email to identify potential participants. The club members 

135 answered questions regarding the study�s inclusion and exclusion criteria. Those who met the 

136 criteria were invited by phone to participate in the study. The study included trail runners who 

137 were 18 years old or older, both female and male, who were registered and active in an official 

138 running club in Valdivia, with at least 1 year of experience in trail running, and who had 

139 completed a trail event of 10 km or more in the last year. Additionally, they had to accumulate a 

140 weekly distance volume of 20 km or more, with a training frequency of at least three times per 

141 week and a total of four hours of training per week (Besomi et al., 2018; Suda et al., 2022). 

142 Participants with functional lower limb injuries that prevented them from practicing trail 

143 running, such as fractures or ligament injuries, were excluded. Additionally, individuals 

144 undergoing physical therapy for strengthening the intrinsic foot muscles and ankle, or for 

145 specific balance rehabilitation, as well as those wearing minimalist footwear, were also excluded 

146 (Lynn, Padilla & Tsang, 2012; Suda et al., 2022). 

147

148 Ethical approval

149 All participants received written and oral information about the project and gave informed 

150 consent, consistent with the Helsinki Declaration guidelines before participating in the study. 

151 The research protocol received approval from the Health Service Ethics Committee, Valdivia, 

152 Chile (N° 159).

153

154 Procedures

155 Participants were invited to the Human Movement Analysis Laboratory at the School of 

156 Kinesiology of the Universidad Austral de Chile. Before beginning the study, the principal 

157 investigator showed and explained the SFE and the YBT. The participants practiced 
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158 familiarizing themselves with the study protocol. Data such as sex, age, weight, height, BMI, 

159 years of running experience, weekly training volume (days per hour of training), and weekly 

160 accumulated kilometers were recorded on a data sheet. The study, conducted in a single session 

161 lasting approximately 2 hours, began with measurements of leg length, knee width, and ankle 

162 width. Reflective markers were then placed on the ankle-foot segment to evaluate kinematics 

163 using infrared cameras (VICON model T10-S, Vicon, Oxford, UK). Subsequently, the 

164 participants performed the YBT before the foot intervention. As soon as the initial YBT 

165 evaluation was completed, the participants immediately performed the SFE protocol. At the end 

166 of the SFE protocol, the YBT was immediately performed again to assess the dependent 

167 variables (AHI, YBT).

168

169 Arch Height Index. For the evaluation of foot kinematics, a 3D motion capture system with 6 

170 infrared cameras was used, with a capture frequency of 120 Hz. Reflective markers were 

171 attached to the skin using double-sided adhesive tape, and placed specifically on different bony 

172 segments, as shown in Figure 1. This allowed for the digital reconstruction and kinematic 

173 modeling of the ankle and foot using the Oxford Foot Model (Merker et al., 2015). Through this 

174 model, the researchers were able to calculate the AHI of the foot in millimeters and how it varies 

175 during motor activity in anterior, posterolateral and posteromedial directions. The AHI 

176 represents the kinematic changes that the MLA may undergo during a motor task (Uhan et al., 

177 2023).

178

179 ***Insert Figure 1 near here***

180

181 Y-Balance Test. Dynamic balance was assessed using the YBT (with an intrarater reliability 

182 coefficient ranging from 0.85 to 0.91) (Plisky et al., 2024), which was set up on the floor using 

183 adhesive tape in the anterior, posterolateral, and posteromedial directions. Cones placed at the 

184 start of each direction were pushed by the subject with the reaching foot. The distance reached 

185 was measured in centimeters. Before the official measurements, the participants were allowed to 

186 perform 6 practice trials for each reach direction to familiarize themselves with the test. During 

187 the official tests, the participants stood barefoot with the toes of the dominant foot (defined as the 

188 foot with which they would kick a ball) behind a previously marked line. While maintaining 

189 balance on one leg, the subjects attempted to push the reach indicator (cone) with the most distal 

190 part of the foot in the three directions, trying to reach the greatest possible distance. To improve 

191 the reproducibility of the test and establish a consistent protocol, a standard order was developed 

192 and used, which consisted of reaching in the anterior direction first, followed by a posterolateral, 

193 and finishing with the posteromedial reach. This sequence was repeated three times per direction. 

194 The test was considered invalid and had to be repeated if the subject failed to maintain the 

195 unipedal posture on the platform, failed to maintain contact of the reaching foot with the reach 

196 indicator, used the reach indicator to maintain balance, or could not return the reaching foot to 
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197 the initial position (control position) (Plisky et al., 2024). Once each round was completed, the 

198 distance reached was recorded, and results were normalized using the following formula:

199 % ýýÿÿÿýÿÿÿý ÿÿÿý/ ýÿýýÿÿýÿ = ÿÿÿý/ ýÿýýÿÿýÿ (ýÿ)ýÿý ýÿÿýý/ (ýÿ) × 100

200

201 Short Foot Exercise. The participants familiarized themselves with the SFE to understand the 

202 specific muscle contraction they needed to perform. The exercise consisted of the participants 

203 sitting with their feet flat on the ground and performing a voluntary and conscious contraction of 

204 the IFM of the dominant foot. The participant attempted to bring the metatarsals of the foot 

205 toward the heel and the heel toward the metatarsals without generating flexion of the 

206 metatarsophalangeal joints. The SFE was applied immediately after completing the YBT. The 

207 participants had to perform 12 repetitions of 5-second contractions, which they did in 3 sets with 

208 2 minutes of rest between sets (Lee, Cho & Lee, 2019). Once the protocol was completed, the 

209 YBT evaluation was immediately repeated to measure the dependent variables after the 

210 application of the SFE.

211

212 Statistical analysis

213 The study sample was analyzed according to sex, age, weight, height, BMI, accumulated 

214 kilometers, years of practice, and weekly training volume, using Percentages, frequencies, and 

215 standard deviations. To determine data distribution and variance homogeneity, the Shapiro-Wilk 

216 test and Levene's test were used, respectively. The paired sample t-test was used to compare pre 

217 and post the application of the SFE Subsequently, a two-factor repeated measures analysis of 

218 variance (ANOVA) (time: pre and post SFE application; training volume: low and high) was 

219 performed. Participants who practiced less than 5.4 hours of training per week were considered 

220 to have a low training volume, while those who practiced 5.4 hours or more (Hartwig et al., 

221 2019) were considered to have a high training volume. . Consequently, four groups were created 

222 for analysis. Multiple pairwise comparisons were applied using Bonferroni-corrected t-tests to 

223 determine if there were significant interactions between factors. Additionally, the effect size (ES) 

224 was calculated based on Cohen's d and was reported as no effect (0 to 0.19), small effect (0.20 to 

225 0.49), moderate effect (0.50 to 0.79), or large effect (0.80 or greater) (Fritz, Morris & Richler, 

226 2012). For all analyses, a p-value < 0.05 was utilized. IBM SPSS software version 29.0.1.0 for 

227 Windows (SPSS Inc, Chicago, IL, USA) was used for statistical analysis, while GraphPad 

228 software version (10.2.1.395) was used for graphing the results.

229

230 Results

231 Table 1 presents the demographics, anthropometrics, and running variables of the study sample. 

232 Study sample characteristics were also divided according to the training volume of the participants.

233

234 ******Insert Table 1 near here***

235
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236 Arch Height Index

237 There were no statistically significant differences pre and post-SFE in the anterior [mean 

238 difference (MD) = -0.17mm; CI 95% = -0.59 to 0.26; p = 0.199], posterolateral (MD = 0.02 mm; 

239 CI 95% = -0.76 to 0.79; p = 0.480) and posteromedial (MD = 0.07mm; CI 95% = -0.69 to 0.82; p 

240 = 0.428) directions of the AHI of the foot. However, when categorizing by weekly training 

241 volume, ANOVA (pre and post-SFE x weekly training volume) revealed a significant interaction 

242 between the factors (df = 1; F = 8.232; p = 0.012) for the anterior reach direction of the AHI of 

243 the foot. The post-hoc analysis showed significant differences pre and post application of the 

244 SFE among participants with a high training volume (MD = -0.54 mm; CI 95% = -1.09 to 0.01; p 

245 = 0.027; ES= 0.13) as seen in Figure 2, while no significant differences were observed among 

246 participants with a low training volume. No significant differences were observed for the 

247 posterolateral and posteromedial reach directions of the AHI (p > 0.05).

248

249 ***Insert Figure 2 near here***

250

251 Y-Balance Test

252 There were significant differences pre and post SFE application in the anterior (MD = -1.9%; CI 

253 95% = -3.0 to -0.7; p = 0.002; ES= 2.21) posterolateral (MD = -2.6%; CI 95% = -5.4 to 0.3; p = 

254 0.037; ES= 5.32) and posteromedial (MD = -5.2%; CI 95% = -8.3 to -2.0; p = 0.002; ES= 5.88) 

255 directions of the YBT. Furthermore, when categorizing by weekly training volume, ANOVA 

256 (pre and post-SFE x weekly training volume) revealed a significant interaction between the 

257 factors (df = 1; F = 12.377; p = 0.03) for the anterior direction variable of the YBT. The post-

258 hoc analysis showed significant differences pre and post application of the SFE among 

259 participants with a low training volume (MD = -2.4%; CI 95% = -4.4 to -0.4; p = 0.018; ES= 

260 0.09) as seen in Figure 3, while no significant differences were observed among participants with 

261 a high training volume. No significant differences were observed for the posterolateral and 

262 posteromedial reach directions of the YBT (p > 0.05).

263

264 ***Insert Figure 3 near here***

265

266 Discussion

267 In the present study, we investigated the acute effect of SFE on dynamic balance and foot 

268 kinematics among trail runners, as well as the influence of weekly training volume on the study 

269 variables. A significant improvement in the AHI of the foot was observed for the anterior reach 

270 of the YBT among participants with a high weekly training volume, while the percentage of 

271 anterior reach of the YBT increased significantly among participants with a low training volume. 

272 To our knowledge, no studies have analyzed the influence of SFE on the foot kinematics and 

273 balance of trail runners. These findings suggest a positive effect of SFE in improving the AHI of 

274 the foot and dynamic balance in the anterior reach among trail runners; however, training volume 

275 influences the observed changes.
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276 The abductor hallux is one of the largest intrinsic muscles of the foot, and it contributes to 

277 the supination of the midtarsal joint against the pronation force of the ground reaction. In other 

278 words, it stabilizes and even increases the medial longitudinal arch (Jung et al., 2011).  Evidence 

279 shows that the IFM, such as the flexor digitorum brevis, quadratus plantae, and especially the 

280 abductor hallux, exhibit greater intrinsic activation in response to increased postural demands. 

281 Consequently, during single-leg support, there is greater IFM activation to stabilize and prevent 

282 the collapse of the MLA (Jung et al., 2011; Kelly et al., 2012). Our study found that the SFE, 

283 which strengthens the IFM, improved the AHI of the foot, which represents the kinematic 

284 changes of the MLA, in the anterior reach of the YBT among participants with high training 

285 volume. This finding is consistent with prior literature that supports an association between high 

286 chronic training loads and better performance and physical condition (Gabbett, 2016), including 

287 in individual sports like running (Scrimgeour et al., 1986), provided that the training load is 

288 appropriate (Gabbett, 2016). An optimal load maximizes performance potential while 

289 simultaneously reducing the negative consequences of training, such as injuries, fatigue, or 

290 overtraining (Morton, 1997). Similarly, the load or frequency of the short foot exercise might 

291 influence foot mechanics and performance among trail runners, given that fatigue of the IFM is 

292 significantly correlated with greater navicular drop (Headlee et al., 2008). This is particularly 

293 relevant considering that participants with low training volume did not show changes in the AHI 

294 of the foot pre-and post SFE. Muscle activation plays a key role in foot dynamics, but postural 

295 control is equally essential (Méndez-Rebolledo et al., 2015; Saavedra-Miranda & Mendez-

296 Rebolledo, 2016). Previous research has shown that the short foot exercise stimulates 

297 proprioceptors in the sole of the foot, increasing afferent input to the spinal cord. This, in turn, 

298 enhances voluntary muscle activation and stability (Newsham, 2010). This would explain the 

299 significant changes in dynamic balance in all directions when comparing pre and post-SFE 

300 among the evaluated trail runners. However, when comparing according to training volume, only 

301 the subjects with low training volume showed significant improvements in the anterior reach of 

302 the YBT. These results contradict the previously described association of high loads with 

303 performance improvements (Gabbett, 2016). Our results can be interpreted based on the premise 

304 that individuals with lower weekly training volumes are less conditioned. Consequently, their 

305 initial adaptation to a functional test like the YBT may result in greater gains following training 

306 compared to those with more experience and higher weekly training volumes. For the latter 

307 group, the potential for improvement is smaller or occurs more gradually. 

308 In the anterior reach of the YBT, the movement is performed in the sagittal plane along the 

309 mediolateral axis. The longitudinal arch of the foot plays a crucial role in maintaining unipedal 

310 stability within this axis (Jung et al., 2011). The IFM are fundamental for single-leg balance, as 

311 their activity is strongly correlated with mediolateral sway (Kelly et al., 2012). In our study, 

312 improvements were observed in both kinematics and dynamic balance during the anterior reach. 

313 Additionally, previous research indicates that asymmetries in the anterior reach results of the 

314 YBT are associated with a higher risk of non-contact injuries in collegiate athletes (Smith, 

315 Chimera & Warren, 2015). Therefore, our results support our hypothesis that the SFE can reduce 
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316 the likelihood of non-contact injuries during running due to better neuromuscular and postural 

317 control. However, this hypothesis requires confirmation through longitudinal and prospective 

318 studies that evaluate injury incidence rates among a cohort of trail runners exposed to the SFE 

319 and a cohort exposed only to regular training. 

320 Limitations of this study include that the SFE was performed in a sitting position, which 

321 may have influenced muscle recruitment. Previous research suggests that performing the SFE in 

322 a standing position elicits a greater maximum voluntary contraction of the intrinsic foot muscles 

323 compared to the sitting position (Choi et al., 2021). Additionally, the study sample was recruited 

324 by convenience, resulting in a small sample size, and it may not be representative of the general 

325 population of trail runners. Furthermore, the long-term effects of the SFE could not be assessed, 

326 and the study lacked a control group. Therefore, future research should include extended training 

327 and follow-up periods, as well as a larger sample size, to better evaluate the long-term impact of 

328 the SFE on trail runners.

329 This study opens a new line of research on trail runners. To our knowledge, it is the first 

330 study to measure the effect of the SFE on foot kinematics and postural control in this population. 

331 It provides relevant information for runners and sports personnel and indicates that the SFE 

332 could be useful as a pre-activation strategy to prepare the foot muscles for the perturbations and 

333 loads that trail running may present.

334

335 Conclusion

336 The SFE acutely improves the AHI of the foot in the anterior reach of the YBT in participants 

337 with high training volume, while runners with low training volume significantly improved their 

338 dynamic balance in the anterior reach. Therefore, the SFE can be useful before a race to activate 

339 the IFM and provide greater dynamic stability when practicing or competing in trail running. 

340 Although these results are promising, longitudinal and prospective studies are necessary to 

341 evaluate the injury incidence rates in a cohort of trail runners exposed to SFE training compared 

342 to a cohort exposed only to their usual training.

343

344 Acknowledgements

345 The authors would like to thank the voluntary trail runners who took part in this study.

346

347 References

348 Besomi M, Leppe J, Di Silvestre MC, Setchell J. 2018. SeRUN® study: Development of running 

349 profiles using a mixed methods analysis. PLOS ONE 13:e0200389. DOI: 

350 10.1371/journal.pone.0200389.

351 Choi J-H, Cynn H-S, Yi C-H, Yoon T-L, Baik S-M. 2021. Effect of Isometric Hip Abduction on 

352 Foot and Ankle Muscle Activity and Medial Longitudinal Arch During Short-Foot 

353 Exercise in Individuals With Pes Planus. Journal of Sport Rehabilitation 30:368�374. 

354 DOI: 10.1123/jsr.2019-0310.

PeerJ reviewing PDF | (2025:02:115361:0:1:NEW 6 Mar 2025)

Manuscript to be reviewed



355 Drew MK, Finch CF. 2016. The Relationship Between Training Load and Injury, Illness and 

356 Soreness: A Systematic and Literature Review. Sports Medicine 46:861�883. DOI: 

357 10.1007/s40279-015-0459-8.

358 Fritz CO, Morris PE, Richler JJ. 2012. Effect size estimates: current use, calculations, and 

359 interpretation. Journal of Experimental Psychology. General 141:2�18. DOI: 

360 10.1037/a0024338.

361 Gabbett TJ. 2016. The training�injury prevention paradox: should athletes be training smarter 

362 and harder? British Journal of Sports Medicine 50:273�280. DOI: 10.1136/bjsports-

363 2015-095788.

364 Gabbett TJ, Hulin BT, Blanch P, Whiteley R. 2016. High training workloads alone do not cause 

365 sports injuries: how you get there is the real issue. British Journal of Sports Medicine 

366 50:444�445. DOI: 10.1136/bjsports-2015-095567.

367 Giroto N, Hespanhol Junior LC, Gomes MRC, Lopes AD. 2017. Incidence and risk factors of 

368 injuries in Brazilian elite handball players: A prospective cohort study. Scandinavian 

369 Journal of Medicine & Science in Sports 27:195�202. DOI: 10.1111/sms.12636.

370 Hartwig TB, Gabbett TJ, Naughton G, Duncan C, Harries S, Perry N. 2019. Training and match 

371 volume and injury in adolescents playing multiple contact team sports: A prospective 

372 cohort study. Scandinavian Journal of Medicine & Science in Sports 29:469�475. DOI: 

373 10.1111/sms.13343.

374 Headlee DL, Leonard JL, Hart JM, Ingersoll CD, Hertel J. 2008. Fatigue of the plantar intrinsic 

375 foot muscles increases navicular drop. Journal of Electromyography and Kinesiology 

376 18:420�425. DOI: 10.1016/j.jelekin.2006.11.004.

377 Jung D-Y, Kim M-H, Koh E-K, Kwon O-Y, Cynn H-S, Lee W-H. 2011. A comparison in the 

378 muscle activity of the abductor hallucis and the medial longitudinal arch angle during toe 

379 curl and short foot exercises. Physical Therapy in Sport 12:30�35. DOI: 

380 10.1016/j.ptsp.2010.08.001.

381 Kelly LA, Cresswell AG, Racinais S, Whiteley R, Lichtwark G. 2014. Intrinsic foot muscles 

382 have the capacity to control deformation of the longitudinal arch. Journal of The Royal 

383 Society Interface 11:20131188. DOI: 10.1098/rsif.2013.1188.

384 Kelly LA, Kuitunen S, Racinais S, Cresswell AG. 2012. Recruitment of the plantar intrinsic foot 

385 muscles with increasing postural demand. Clinical Biomechanics 27:46�51. DOI: 

386 10.1016/j.clinbiomech.2011.07.013.

387 Kim E-K, Kim JS. 2016. The effects of short foot exercises and arch support insoles on 

388 improvement in the medial longitudinal arch and dynamic balance of flexible flatfoot 

389 patients. Journal of Physical Therapy Science 28:3136�3139. DOI: 10.1589/jpts.28.3136.

390 Lee E, Cho J, Lee S. 2019. Short-Foot Exercise Promotes Quantitative Somatosensory Function 

391 in Ankle Instability: A Randomized Controlled Trial. Medical Science Monitor 25:618�

392 626. DOI: 10.12659/MSM.912785.

393 Lee D-R, Choi Y-E. 2019. Effects of a 6-week intrinsic foot muscle exercise program on the 

394 functions of intrinsic foot muscle and dynamic balance in patients with chronic ankle 

PeerJ reviewing PDF | (2025:02:115361:0:1:NEW 6 Mar 2025)

Manuscript to be reviewed



395 instability. Journal of Exercise Rehabilitation 15:709�714. DOI: 

396 10.12965/jer.1938488.244.

397 Lynn SK, Padilla RA, Tsang KKW. 2012. Differences in Static- and Dynamic-Balance Task 

398 Performance After 4 Weeks of Intrinsic-Foot-Muscle Training: The Short-Foot Exercise 

399 Versus the Towel-Curl Exercise. Journal of Sport Rehabilitation 21:327�333. DOI: 

400 10.1123/jsr.21.4.327.

401 Matos S, Silva B, Clemente FM, Pereira J. 2021. Running-related injuries in Portuguese trail 

402 runners: a retrospective cohort study. The Journal of Sports Medicine and Physical 

403 Fitness 61:420�427. DOI: 10.23736/S0022-4707.20.11304-5.

404 McKeon PO, Hertel J, Bramble D, Davis I. 2015. The foot core system: a new paradigm for 

405 understanding intrinsic foot muscle function. British Journal of Sports Medicine 49:290�

406 290. DOI: 10.1136/bjsports-2013-092690.

407 Méndez-Rebolledo G, Guzmán-Muñoz E, Gatica-Rojas V, Zbinden-Foncea H. 2015. Longer 

408 reaction time of the fibularis longus muscle and reduced postural control in basketball 

409 players with functional ankle instability: A pilot study. Physical Therapy in Sport: 

410 Official Journal of the Association of Chartered Physiotherapists in Sports Medicine 

411 16:242�247. DOI: 10.1016/j.ptsp.2014.10.008.

412 Merker J, Hartmann M, Kreuzpointner F, Schwirtz A, Haas J-P. 2015. Pathophysiology of 

413 juvenile idiopathic arthritis induced pes planovalgus in static and walking condition�A 

414 functional view using 3d gait analysis. Pediatric Rheumatology 13:21. DOI: 

415 10.1186/s12969-015-0022-z.

416 Mocanu P. 2015. RISKS AND BENEFITS IN PRACTICING TRAIL RUNNING. 8.

417 Moon D, Jung J. 2021. Effect of Incorporating Short-Foot Exercises in the Balance 

418 Rehabilitation of Flat Foot: A Randomized Controlled Trial. Healthcare 9:1358. DOI: 

419 10.3390/healthcare9101358.

420 Morton RH. 1997. Modeling training and overtraining. Journal of Sports Sciences 15:335�340. 

421 DOI: 10.1080/026404197367344.

422 Mulligan EP, Cook PG. 2013. Effect of plantar intrinsic muscle training on medial longitudinal 

423 arch morphology and dynamic function. Manual Therapy 18:425�430. DOI: 

424 10.1016/j.math.2013.02.007.

425 Newsham KR. 2010. Strengthening the Intrinsic Foot Muscles. Athletic Therapy Today 15:32�

426 35. DOI: 10.1123/att.15.1.32.

427 Plisky P, Schwartkopf-Phifer K, Huebner B, Garner MB, Bullock G. 2024. Systematic Review 

428 and Meta-Analysis of the Y-Balance Test Lower Quarter: Reliability, Discriminant 

429 Validity, and Predictive Validity. International Journal of Sports Physical Therapy 

430 16:1190�1209. DOI: 10.26603/001c.27634.

431 Saavedra-Miranda M, Mendez-Rebolledo G. 2016. Measurement and relationships of 

432 proprioceptive isokinetic repositioning, postural control, and a self-reported questionnaire 

433 in patients with chronic ankle instability. Isokinetics and Exercise Science 25:1�7. DOI: 

434 10.3233/IES-160642.

PeerJ reviewing PDF | (2025:02:115361:0:1:NEW 6 Mar 2025)

Manuscript to be reviewed



435 Scheer V, Basset P, Giovanelli N, Vernillo G, Millet GP, Costa RJS. 2020. Defining Off-road 

436 Running: A Position Statement from the Ultra Sports Science Foundation. International 

437 Journal of Sports Medicine 41:275�284. DOI: 10.1055/a-1096-0980.

438 Scrimgeour AG, Noakes TD, Adams B, Myburgh K. 1986. The influence of weekly training 

439 distance on fractional utilization of maximum aerobic capacity in marathon and 

440 ultramarathon runners. European Journal of Applied Physiology and Occupational 

441 Physiology 55:202�209. DOI: 10.1007/BF00715006.

442 Smith CA, Chimera NJ, Warren M. 2015. Association of Y Balance Test Reach Asymmetry and 

443 Injury in Division I Athletes. Medicine & Science in Sports & Exercise 47:136�141. 

444 DOI: 10.1249/MSS.0000000000000380.

445 Soligard T, Schwellnus M, Alonso J-M, Bahr R, Clarsen B, Dijkstra HP, Gabbett T, Gleeson M, 

446 Hägglund M, Hutchinson MR, Janse Van Rensburg C, Khan KM, Meeusen R, Orchard 

447 JW, Pluim BM, Raftery M, Budgett R, Engebretsen L. 2016. How much is too much? 

448 (Part 1) International Olympic Committee consensus statement on load in sport and risk 

449 of injury. British Journal of Sports Medicine 50:1030�1041. DOI: 10.1136/bjsports-

450 2016-096581.

451 Suda EY, Watari R, Matias AB, Taddei UT, Sacco ICN. 2022. Predictive Effect of Well-Known 

452 Risk Factors and Foot-Core Training in Lower Limb Running-Related Injuries in 

453 Recreational Runners: A Secondary Analysis of a Randomized Controlled Trial. The 

454 American Journal of Sports Medicine 50:248�254. DOI: 10.1177/03635465211056329.

455 Uhan J, Kothari A, Zavatsky A, Stebbins J. 2023. Using surface markers to describe the 

456 kinematics of the medial longitudinal arch. Gait & Posture 102:118�124. DOI: 

457 10.1016/j.gaitpost.2023.03.016.

458 Viljoen C, Janse van Rensburg DC (Christa), van Mechelen W, Verhagen E, Silva B, Scheer V, 

459 Besomi M, Gajardo-Burgos R, Matos S, Schoeman M, Jansen van Rensburg A, van Dyk 

460 N, Scheepers S, Botha T. 2022. Trail running injury risk factors: a living systematic 

461 review. British Journal of Sports Medicine 56:577�587. DOI: 10.1136/bjsports-2021-

462 104858.

463 Viljoen CT, Janse van Rensburg DC, Verhagen E, van Mechelen W, Tomás R, Schoeman M, 

464 Scheepers S, Korkie E. 2021. Epidemiology of Injury and Illness Among Trail Runners: 

465 A Systematic Review. Sports Medicine 51:917�943. DOI: 10.1007/s40279-020-01418-1.

466 Vincent HK, Brownstein M, Vincent KR. 2022. Injury Prevention, Safe Training Techniques, 

467 Rehabilitation, and Return to Sport in Trail Runners. Arthroscopy, Sports Medicine, and 

468 Rehabilitation 4:e151�e162. DOI: 10.1016/j.asmr.2021.09.032.

469

PeerJ reviewing PDF | (2025:02:115361:0:1:NEW 6 Mar 2025)

Manuscript to be reviewed



Table 1(on next page)

Demographic characteristics, anthropometry and variables associated with the practice
of Trail Running (³).

(³) Values ++are presented by means, ± (Standard deviation) or percentages.
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1 Table 1. Demographic characteristics, anthropometry and variables associated with the 

2 practice of Trail Running (³).

Variables

Trail Runners

(n = 16)

Low training 

volume

(n = 9)

High training 

volume

(n = 7)

Male (n, %) 8 (50) 5 (55.6) 3 (42.9)

Female (n, %) 8 (50) 4 (44.4) 4 (57.1)

Age (year) 36 ± 8.4 38 ± 9.5 32.4 ± 6.5

Size (cms) 165.7 ± 7.1 165 ± 5.7 166.6 ± 9.0

Weight (kg) 66 ± 7.8 66.4 ± 7.26 65.3 ± 9.0

BMI (kg/m2) 24.0 ± 1.7 24.3 ± 1.65 23.5 ± 1.7

Training volume (h x Training days / Week) 6.0 ± 1.9 4.7 ± 0.61 7.7 ± 1.5

Practice years (years) 3.5 ± 2.7 4.0 ± 3.07 2.9 ± 2.3

Weekly kilometers (km/week) 53.1 ± 17.7 47.8 ± 19.1 60 ± 14.1

3 (³) Values are presented by means, ± (Standard deviation) or percentages.

4
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Figure 1
(Left) Markers on the foot shown from a medial view. (Right) Markers on the foot and
ankle shown from a lateral view.

RMMA: Medial Malleoli, RHLX: Hallux, RD1M: 1 st Metatarsal, distal medial, RP1M: 1 st
Metatarsal, proximal medial, RSTL: Sustaniculum Tali, RHEE: Heel, RCPG: Posterior end of the
calcaneus, RPCA: Posterior calcaneus proximal, RLCA: Lateral calcaneus, RP5M: 5 th
Metatarsal, proximal lateral, RD5M: 5 th Metatarsal, distal medial, RTOE: 2 nd Finger base,
RANK: lateral malleolus.
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Figure 2
Post-hoc comparison of the Arch Height Index in the anterior reach of the Y-Balance
Test between subjects with low and high volume training pre and post Short Foot
Exercises application.

*p < 0.05.
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Figure 3
Post-hoc comparison of the percentage of reach in the anterior direction of the Y-
Balance Test between subjects with low and high training volume pre and post Short
Foot Exercises application.

*p < 0.05
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