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Abstract
Ankle inversion injury is extremely common in basketball, whereby rearfoot inversion and ankle plantar flexion is greater in those with injury. The current study analysed the response of recreational basketball players to three different footwear conditions; high-cut bas ketball shoe, low-cut running shoe and low-cut running shoe with ankle brace. Ten recreational male basketball players performed 45° “v”-cut movements at an approach speed of 4.5m/s. Dependent variables included peak initial rearfoot inversion and ankle plantar flexion. Peak impact force was also measured due to the potential difference in cushioning provided by the footwear. Repeated measures ANOVA were used to compare dependent variables with statistical significance accepted at p < 0.05. Results indicated that there were no significant difference for plantar-flexion (F = 2.94, p > 0.05; Partial η2 = 0.25) and impact force (F = 3.189, p > 0.05, Partial η2 = 0.26).On the other hand, comparison of peak initial rearfoot inversion showed that there were significant differences between footwear conditions. Pairwise comparisons with Bonferroni adjustments showed significantly larger peak initial rearfoot inversion values for the high-cut basketball shoe compared to both the low-cut running shoe (p = 0.001) and the low-cut running shoe with brace condition (p = 0.001). Findings indicate the potential for using low-cut running shoes for recreational basketball without an increased injury risk.
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Introduction

Basketball is a fast paced, highly intermittent sport. 1,2 During the game, players per form a wide variety of high intensity and multi-directional movements, changing direction on average every 2 seconds. 1,3 These characteristics contribute to players exhibiting a high frequency of injury compared to other team sports, 4 particularly at the lateral ankle, 5,6 which result from performing movements such as a “v-cut”.7-10 The occurrence of an initial injury then acts as a predisposing factor for recurrent injuries as well as chronic ankle joint instability and degeneration.11,12 The lateral ligaments work alongside the peroneal muscles to control the level of lateral movement experienced by the ankle. 13 When the loads are excessive, there is a greater chance of ankle sprain or tear occurring. 8,14,15 Baumhauer et al. 16 found that 85% of all ankle injuries are caused by excessive rearfoot inversion, caused by sudden lateral forces which are sufficient to compromise the joint integrity. This excessive force is often evident during the initial contact of the foot with the ground, since continuing forward momentum of the body can Page 1 cause an increase in the rearfoot inversion experienced during this early stage of ground contact. This sudden change in lateral force can also relate to many different factors, which include the design of the footwear, playing surface-footwear traction, speed of the movement and contact with opposition players. The degree of rearfoot inversion movement can also be influenced by level of plantar flexion the ankle is in; a greater range of rearfoot inversion movement is possible in plantar flexed compared to a dorsi-flexed position.17 To limit excessive lateral movement about the ankle, traditional basketball shoes are designed with high-cut ankle supports acting to limit the ankle movement. 18,19 Manufacturers however, have developed new designed shoes that are medium and low cut which are chosen by professional and semi-professional players based on individual preference relating to their playing position or stature.20 Lowe21 recommends changing footwear once a month, yet basketball shoes are expensive and not everyone can afford to by a pair. 22 Consequently, recreational players will often utilise their own low-cut running shoe, which offers improved cushioning compared to court shoes such as those worn in basketball,8 but which are thought to have greater instability since the running shoe midsoles allows greater compression of the lateral edge, increasing the lever arm between the external force and the ankle joint; this increases the external torque and introduces greater instability.8 If regular running shoes are to be used, the addition of ankle bracing through prophylactic supports may be beneficial since the device has been shown to reduce the risk of injury.11,12,23 Further still, although the cut of the ankle is thought to be a risk factor for injury, there is still uncertainty concerning the beneficial effects of shoe collar height for ankle sprain prevention. 9 Gottschalk & Pepple, 24 found that high-cut shoes did not show greater prevention of ankle sprains compared to low-cut shoes especially for those who had no history of ankle sprains. Similarly, Rovere, Clarke, Yates and Burley 25 demonstrated that in comparison to low-cut basketball shoes, high-cut shoes were not more effective in reducing the incidence of ankle injury and further still fewest injuries were observed with low-cut shoes coupled with laced ankle stabilizers. Curtis, Laudner, McLoda and McCaw26 also found that additional cushioning through midsole columns did not increase the risk of injury. As such, it may be questionable that cushioned footwear does cause an increase in rearfoot movement and greater risk of injury.

The aim of this study is to investigate the hypothesis that low-cut running shoes combined with an ankle brace will result in significantly less peak initial rearfoot inversion and plantar flexion than a high-cut basketball shoe or low-cut running shoe only condition. There will also be reduced peak initial rearfoot inversion and plantar flexion with the high-cut basketball shoe compared to the low-cut running shoe only condition. Finally, it is hypothesized that the greater cushioning will be provided by the low-cut running shoe with and without the ankle bracing compared to the high-cut basketball shoe.

Methods

Ten recreational male basketball players (22.0 ± 4.0 years; 177.7 ± 4.9 cm; 79.3 ± 11.3 kg) took part in the study. Ethical approval was obtained for the study via the Aberystwyth University’s ethics procedure. Participation in the study was completely voluntary and all participants were free to withdraw at any time. Participants were excluded from the study if they had experienced an injury within 6 weeks prior to the start of data collection. An injury was defined as a problem that occurred as a result of playing basketball or similar sport, that required medical attention by a certified trainer or physician and resulted in restricted participation for a period of 2 or more days beyond the day the injury occurred.27,28 Participants performed a sideways 45º “v-cut” movement which can be described as a lateral movement performed on a single leg support, where the load bearing leg propels the body towards the contralateral direction. 7 “V”-cut movements were performed under three conditions; high-cut basketball shoe, low-cut running shoe and low-cut running shoe with prophylactic ankle brace (ASO EVO, Medical Specialties, Inc., Charlotte, NC). The support was a lace-up brace with nylon straps that wrapped around the calcaneus. It also has an elastic cuff that wraps around the front of the brace. 12 The running shoe used in the investigation was the individual participants own footwear which were traditional in the construction and cushioning across the midsole. The high-cut basketball shoe (Converse basketball shoes, high top, A100086CV) was the same for all participants and possessed a rigid sole with limited cushioning relative to the running shoes.

Participants wore markers on the right leg which was their dominant leg that supported them during the cutting movement. These markers were positioned using a modified Helen Hayes model as described by Kadaba et al. 29 Markers were positioned on the right and left asis, sacrum, right thigh, right medial and lateral knee, right shin, right medial and lateral ankle, and the top of the foot and on the calcaneus which were placed directly onto the shoe. Markers placed onto the shoe have been shown to represent similar but not identical movement of the foot.30 Whilst studies have found over and under-estimations of the movement of the foot, 31,32 the difference in movement that occurs is systematic and can be used to represent relative movement of the foot for different conditions, 30 albeit with caution when making clinical interpretation based on values obtained.32 Participants were required to run in a straight line for 5.5 meters and at an angle of 45º identified via markings on the floor. Once they reached a force plate, they placed there foot and pushed off at the 45º angle identified on the floor; they then continued their run. Approach speed was standardised at 4.5 m/s which was controlled via a set of electronic timing gates (Speed Page 2 trap 2, Brower Timing Systems, Draper, UT, USA). Any trial that was not at the speed (± 5 %) was subsequently repeated. Each participant performed 10 cutting movements in each of the three footwear conditions in a counterbalanced order. The movement was recorded via an 8 camera motion analysis system (250 Hz, Cortex, Eagle Digital Real Time Camera System, Motion Analysis, Santa Rosa, CA, USA) synchronised with a force plate (2000Hz, 9287BA, Kistler Instrumented AG, Winterthur, Poland). The kinematic data was processed within the motion analysis software and smoothed using a 4th order, zero lag, low-pass Butterworth filter with a cut-off frequency of 6 Hz as used in other similar research8 and is optimal for low velocity movements such as those used in the current investigation.33

Angle-time profiles were calculated for the inversioneversion and plantar-flexion-dorsi-flexion movement and referenced to a neutral standing position to remove differences in marker placement that influence the comparison of the independent variable. The dependent variables were identified from the angle-time profiles and included plantar-flexion (Figure 1) and peak initial rearfoot inversion (Figure 2); peak impact force was identified from the force plate data as the first peak occur ring within the first 50 milliseconds34 and was reported in bodyweights. The mean of the 10 trials per condition were calculated and statistically compared using SPSS (IBM SPSS 21, New York, NY , USA). Normal distribution of the data was shown and an ANOV A with repeated measures were performed for each dependent variable. Statistical significance was accepted at alpha level < 0.05. Partial η2 effect sizes and F values were reported for all comparisons. The effect sizes were interpreted based on the relationship between the percentage of variance explained and Cohen’s d as published by Cohen. 35 Pairwise comparisons with Bonferroni corrections were used to identify the location of any significant differences between footwear conditions.

Results

Statistical analysis of the kinematic data collected during the “v”-cut manoeuvre indicated that plantar-flexion was not significantly different (F = 2.94, p > 0.05) despite a trend towards a large difference between the footwear conditions (Partial η2 = 0.25). On the other hand, peak initial rearfoot inversion was significantly different between the footwear conditions (F = 33.36, p < 0.05, Partial η2 = 0.788). Post-hoc tests demonstrated that significantly larger rearfoot inversion values were shown for the high-cut high top compared to both the low-cut running shoe (p = 0.001) and the low-cut running shoe with brace condition (p = 0.001). There was no significant difference between the running shoe and running shoe with brace condition (p = 0.30).

A comparison was also made between footwear conditions for the measurement of peak impact force. Analysis indicated that there were no significant differences between the three footwear conditions for this variable (F = 3.189, p > 0.05, Partial η2 = 0.26) (Table 1).

Discussion

The current investigation sought to understand how the kinematics of performing a 45° cutting movement in traditional high-cut basketball shoes differs to wearing a low-cut running shoe or low-cut running shoes with ankle brace conditions. In agreement with the study hypothesis, it was shown that the addition of an ankle brace reduced the ankle rearfoot inversion measurement which is associated with lower incidence of ankle pain.36 This finding also supports the evidence that prophylac tic ankle supports can reduce the risk of injury through reduced Figure 1: Typical angle-time history for ankle plantar-flexion and dorsi-flexion during a cutting movement for a single participant. Peak plantar flexion identified.

Figure 2. Typical angle-time history for rearfoot inversion and eversion during a cutting move- mentfor a single participant. Peak initial rearfoot inversion identified.

Low-cut running shoe Low-cut running shoe with brace High-cut basketball shoe Peak plantar flexion (deg) 3.4 ± 7.5 2.4 ± 7.4 6.4 ± 8.4 Peak initial rearfoot inversion(deg) * -0.2 ± 2.9 1.7 ± 3.4 9.1 ± 3.6 Peak impact forces (BW) 2.6 ± 0.4 2.6 ± 0.5 2.8 ± 0.5 * denotes a statistically significant difference Table 1: Mean and standard deviations of peak plantar flexion and initial rearfoot inversion angles (degrees) as wellas peak impact forces (bodyweights) collected during cutting in the low-cut running shoe, low-cut running shoe with brace and high-cut basketball shoe conditions. Page 3 inversion11,12,23 in comparison to high-top basketball shoes.25 In contrast to the study hypothesis, the low-cut running shoe without the ankle brace had reduced peak initial rearfoot inversion compared to that experienced with the high-cut shoe and had similar values to the brace condition. Such finding is contradictory to the traditional view that improved stability is provided by high-cut shoes and that running shoes are more unstable since the midsole cushioning allows for increased compression on the lateral edge, which increases the external torque and introduces greater instability.8 The finding is also contrary to biomechanical studies that have shown increased levels of mechanical support in high cut shoes.9,18,19,37,38 It does however support findings from Gottschalk & Pepple, 24 and Rovere et al. 25 that high-cut shoes do not offer any advantage to low-cut shoes when protecting the ankle to excessive inversion. It is possible that the differences in results may relate to differences in task being performed and the size of the load being forced onto the ankle. Further still, the increase in ankle inversion in basketball shoe was not accompanied by a significant increase in plantar flexion in either the comparison of low-cut shoe or low-cut shoe with ankle brace. This therefore demonstrates that plantar flexion did not contribute to the increased inversion as described in the hypothesis.

A possible reason for the finding that greater support was provided by the running shoe alone condition is that co-activation of the antagonistic muscle groups was occurring prior to and during the early stance phase to help stabilize the ankle and foot.39,40 This is an important factor influencing dynamic joint stability to protect the lateral ankle ligaments from excessive inversion due the experience of rapid loading. 39,40 Such activa tion may have stiffened the joint so that it barely experienced inversion which is represented by the slight everted magnitude experienced at the rearfoot.

With stabilisation of the ankle joint, increased activ ity of gamma motor neuron and a decreased reaction time has been demonstrated.40,41,42 However, Hopkins et al. 41 questioned whether the peroneal muscles and the stiffness provided by the contraction would be sufficient to provide stability to the joint during tasks that were more dynamic. The antagonistic muscle activation may therefore not be rapid enough to control the movement during faster movements, contributing to greater risk of injury in the low-cut footwear. Similarly, had fatigue occurred similar to that in a game situation or in a situation where the participants could not predict the turn, this protection strategy may have also diminish and rearfoot inversion may increase due to a delay in the activation.

Another view on the muscular control and the protection provided may be given in the work of Fu and Colleagues 9 who found that during a jump landing task, there were no significant differences between the various types of shoes of varying ankle height in the maximum ankle inversion angle. Simultane ously collected EMG data showed that wearing high-top shoes can, in certain conditions, induce a delayed pre-activation timing and decreased amplitude of evertor muscle activity resulting in increased inversion. Therefore, in the current investigation, the increased inversion in the high-cut footwear may relate to this delay in timing of the muscle contraction.

An alternative interpretation of the results could be that the greater rearfoot inversion demonstrated with the high-cut basketball shoes resulted as a mechanism to aid impact attenuation for its harder midsole.7,36 Stacoff et al.34 found that during lateral movements, maximum rearfoot inversion occurred within the first 50 milliseconds after touch-down, which is approximately the same time span that the maximum magnitude of pronation occurs during running which is used as a shock absorber dur ing impact. This explanation is supported by the similar impact force across footwear conditions despite suggested differences in cushioning and is consistent with the literature. 43,44,45 Additional plantar flexion can also serve as a method to reduce impact force during lateral movements, 18 although there was no statistical evidence of this in the current investigation. The study therefore provides no support to the thought that peak impact force and possible lower extremity loading was lower with the cushioned footwear compared to the high-cut basketball shoe.

As ankle injuries are often cause by an acute event, interpretation of biomechanical studies investigating ankle injury are often limited since the conditions do not replicate exactly the conditions for injury. Often greater traction, approach velocity, unpredictable turning conditions or fatigue will occur in addition to differences in footwear which contribute to cause ankle movement in excess to that observed in the current investigation. Various studies (e.g.46,47,48) have also highlighted the interactive effect of the footwear with the surface and the importance of the playing surface combination when discussing the effect of playing shoes. As the current study performed the cutting manoeuvre directly onto a force plate, surface conditions were un-representative of normal playing conditions. It would therefore be important that future investigations consider the playing surface more closely, as well as the approach velocity, unanticipated turning conditions and fatigue, to understand how these factors would influence the response to the footwear condition.

Conclusion

In conclusion, based on the findings of the current investigation, high-cut basketball shoes do not offer the support to rearfoot inversion that is traditionally thought. The evidence that reduced rearfoot inversion is found with running shoes with and without ankle bracing also supports injury rates discussed in the literature. Consequently, it appears that healthy, uninjured amateur basketball players can utilise running shoes and per form cutting movements without increasing initial rearfoot inversion or the potential risk of injury compared to traditional high-cut footwear. Caution is needed however since the effect of other risk factors such as the playing surface, fatigue and Page 4 movements is unknown. As the brace supports the ankle mechanically, there may be different mechanisms behind the similar inversion magnitudes demonstrated in the study. Consequently, it may be beneficial to wear the brace with the low-cut running shoe given the factors that could influence the activation of the supporting ankle musculature that were proposed as protecting against the increased inversion.

References

	Ben Abdelkirm N, El Fazaa S, El Ati J. Time-motion analysis and physiological data of elite under-19 basketball players dur ing competition. Brit J Sport Med. 2007; 41(2): 69-75

	MeeuwisseWHSellmerRHagelBE. Rates and risks of injury during intercollegiate basketball. Am J Sport Med. 2003; 31(3): 379-385

	MatthewDDelextratA. Heart rate, blood lactate concentration and time-motion analysis of female basketball players during competition. J Sport Sci. 2009; 27(8): 813-821. doi: 10.1080/0264041090292642010.1080/02640410902926420 https://doi.org/10.1080/02640410902926420

	McClayISRobinsonJRAndriacchiTP. A kinematic profile of skills in professional basketball players. J Appl Biomech. 1994; 10(3): 205-221

	DeitchJRStarkeyCWaltersSLMoseleyJB. Injury risk in professional basketball players: a comparison of women’s National Basketball Association and National Basketball Association athletes. Am J Sport Med. 2006; 34(7): 1077-1083. doi: 10.1177/036354650528538310.1177/0363546505285383 https://doi.org/10.1177/0363546505285383

	DickRHertelJAgelJGrossmanJMarshallSW. Descriptive epidemiology of collegiate men’s basketball injuries: National Collegiate Athletics Association Injury Surveillance Systems, 1988-1989 through 2003-2004. J. Athl Training. 2007; 42(2): 194-201

	Dayakidis MK, Boudolos, K. Ground reaction force data in functional ankle instability during two cutting movements. Clin Biomech. 2006; 21(4): 405-411. doi: http://dx.doi.org/10.1016/j. clinbiomech.2005.11.010 https://doi.org/10.1016/j.clinbiomech.2005.11.010

	Fong DTP, Hong Y, Xian Li J. Cushioning and lateral stability functions of cloth sports shoes. Sport Biomech. 2007; 6(3): 407- 417. doi: 10.1080/14763140701491476 https://doi.org/10.1080/14763140701491476

	FuWFangYLiuYHouJ. The effect of high-top and lowtop shoes of ankle inversion kinematics and muscle activation in landing on a tilted surface. Journal of Foot and Ankle Research. 2014; 7(14): 1-10. doi: 10.1186/1757-1146-7-1410.1186/1757-1146-7-14 https://doi.org/10.1186/1757-1146-7-14

	GrafESStefanyshynDJ. The shifting of the torsion axis of the foot during the stance phase of lateral cutting movements. J Biomech. 2012; 45(15): 2680-2683. doi: 10.1016/j. jbiomech.2012.08.02510.1016/j.jbiomech.2012.08.025 https://doi.org/10.1016/j.jbiomech.2012.08.025

	DelahuntEMcGrathADoranNCoughlanGF. Effect of taping on actual and perceived dynamic postural stability in persons with chronic ankle instability. Arch Phys Med Rehab. 2010; 91(9): 1383-1389. doi: 10.1016/j.apmr.2010.06.02310.1016/j.apmr.2010.06.023 https://doi.org/10.1016/j.apmr.2010.06.023

	Di StafanoLJPaduaDABrownCNGuskiewiczKM. Lower extremity kinematics and ground reaction forces after prophylactic lace-up ankle bracing. J Athl Training. 2008; 43(3): 234-241. doi: 10.4085/1062-6050-43.3.23410.4085/1062-6050-43.3.234 https://doi.org/10.4085/1062-6050-43.3.234

	DelahuntEMonaghanKCaulfieldB. Changes in lower limb kinematics, kinetics and muscle activity in subjects with functional instability of the ankle joint during a single leg drop jump. J Orthopaed Res. 2006; 24(10): 1991-2000. doi: 10.1002/ jor.20235

	FalletLGrimmDJSaraccoJA. Sprained ankle syndrome: prevalence and analysis of 639 acute injuries. J Foot Ankle Surg. 1998; 37(4): 280-285. doi: 10.1016/S1067-2516(98)80063-X10.1016/s1067-2516(98)80063-x https://doi.org/10.1016/s1067-2516(98)80063-x

	MoilerKHallTRobinsonK. The roles of fibular tape in the prevention of ankle injury in basketball: a pilot study. J Ortho Sport Phys. 2006; 36(9): 661-668. doi: 10.2519/ jospt.2006.2259

	Baumhauer JF, Alosa DM, Renstrom PAFH, Trevino S, Beynnon B. A prospective study of ankle injury risk factors. Am J Sport Med. 1995; 23: 564-570. doi: 10.1177/036354659502300508 https://doi.org/10.1177/036354659502300508

	FujiiTKitaokaHBLuoZPKuraHAnKN. Analysis of ankle-hind foot stability in multiple planes: an in vitro study. Foot Ankle Int. 2005; 26(8): 633-637. doi: 10.1007/s00264-011- -1376-610.1007/s00264-011- https://doi.org/10.1007/s00264-011-

	BrizuelaGLlanaSFerrandisRGarcia-BelenguerAC. The influence of basketball shoes with increased ankle support on shock attenuation and performance in running and jumping. J Sport Sci. 1997; 15(5): 505-515. doi: 10.1080/02640419736714610.1080/026404197367146 https://doi.org/10.1080/026404197367146

	RicardMDSchultiesSSSaretJJ. Effects of high-top and low-top shoes on ankle inversion. J Athl Training. 2000; 35(1): 38-43. doi: 10.1186/1757-1146-7-1410.1186/1757-1146-7-14 https://doi.org/10.1186/1757-1146-7-14

	BraunerTZwinzscherMSterzingT. Basketball footwear requirements are dependent on playing position. Footwear Science. 2012; 4(3): 191-198. doi: 10.1080/19424280.2012.67498010.1080/19424280.2012.674980 https://doi.org/10.1080/19424280.2012.674980

	LoweM. Basketball Shoes and Injuries. Website: http:// www.aapsm.org/mlbball.html. 2014; Accessed 2014

	OttavianiRAAshton-MillerJAKothariSUWojtysEM. Basketball shoe height and the maximal muscular resistance to Page 5 applied ankle inversion and eversion moments. Am J Sport Med. 1995; 23(4): 418-423

	MickelTJBottoniCRTsujiGChangKBaumLTokushigeKAS. Prophylactic bracing verses taping for the prevention of ankle sprains in high school athletes: a prospective, randomised trial. J Foot Ankle Surg. 2006; 45(6): 360-365. doi: http://dx.doi. org/10.1053/j.jfas.2006.09.00510.1053/j.jfas.2006.09.005 https://doi.org/10.1053/j.jfas.2006.09.005

	GottschalkAWPeppleDA. Shoe wear and the prevention of ankle sprains. Evidence Based Practice. 2011; 14(8): 13

	RovereGDClarkeTJYatesCSBurleyK. Retrospective comparison of taping and ankle stabilizers in preventing ankle injuries. Am J Sport Med. 1988; 16: 228–233

	CurtisCKLaudnerKGMcLodaTAMcCawST. The role of shoe design in ankle sprain rates among collegiate basketball players. J Athl Training. 2008; 43(3): 230-233. doi: 10.4085/1062-6050-43.3.23010.4085/1062-6050-43.3.230 https://doi.org/10.4085/1062-6050-43.3.230

	HootmanJMDickRAgelJ. Epidemiology of collegiate injuries in 15 sports: summary and recommendations for injury prevention initiatives. J Athl Training. 2007; 42(2): 311-319

	PayneKABergKLatinRW. Ankle injuries and ankle strength, flexibility and proprioceptive in college basketball players. J Athl Training. 1997; 32(3): 221-225

	KadabaMPRamakrishnanHKWoottenME. Measurement of lower extremity kinematics during level walking. J Orthopaed Res.1990; 8: 383-392. doi: 10.1007/978-1-4471-5451-8_10010.1007/978-1-4471-5451-8_100 https://doi.org/10.1007/978-1-4471-5451-8_100

	DixonS. The influence of heel lift devices on the loading of the Achilles tendon in running. Unpublished doctorial thesis, Loughborough University; 1996

	SinclairJTaylorPJHebronJChockalingamN. Differ ences in multi-segment foot kinematics measured using skin and shoe mounted markers. Foot Ankle Online J. 2014; 7(2): 7. doi: 10.3827/faoj.2014.0701.000110.3827/faoj.2014.0701.0001 https://doi.org/10.3827/faoj.2014.0701.0001

	SinclairJGreenhalghATaylorPJEdmundsonCJBrooksDHobbsSJ. Differences in tibiocalcaneal kinematics measured with skin and shoe-mounted markers. Hum Movement. 2013; 14: 64-69. doi: 10.2478/humo-2013-000510.2478/humo-2013-0005 https://doi.org/10.2478/humo-2013-0005

	BartlettR. Introduction to Sport Biomech: analysing human movement patterns. New York, NY: Routledge; Website: http://www.amazon.in/Marys-BSc-Sports-Science-Bundle/ dp/0415339944 2007; Accessed 2014

	StacoffAStuessiESondereggerD. Lateral stability of sports shoes. In: Winter A, ed. Biomechanics IX-B. Champaign, IL, USA: Human Kinetics; 1983: 139-143

	CohenJ. Statistical power analysis for the behavioural sciences. 2nd ed. Hillsdale, HJ: Erlbaum; 1988

	LuethiSMFrederickECHawesMRNiggBM. Influence of shoe construction on lower extremity kinematics and load during lateral movements in tennis. International J of Sport Biomech. 1986; 2: 166-174

	StacoffAStegerJStussiEReinschmidtC. Lateral stability in sideward cutting movements. Med Sci Sports Exerc. 1996; 28: 350-358. doi: http://www.ncbi.nlm.nih.gov/pubmed/10940397

	AvramakisEStacoffAStussiE. Shoe design and lateral stability in floorball. Presented at: Fourth International Society of Biomechanics Symposium on Footwear Biomechanics; August 5-7, 1999; Canmore, Alberta, Canada

	Baratta R, Solomonov M, Zhou, BH, Letson R, Chuinard R, D’Ambrosia R. Muscular coactivation: the role of the antago nist musculature in maintaining knee stability. Am J Sport Med. 1988; 16: 113-122. doi: 10.1177/036354658801600205 https://doi.org/10.1177/036354658801600205

	NakazawaKKawashimaNAkaiMYanoH. On the reflex coactivation of ankle flexor and extensor muscles induced by a sudden drop of support surface during walking in humans. J Appl Physiol. 2004; 96: 604-611. doi: 10.1152/ japplphysiol.00670.2003

	HopkinsTJMcLoadTMcGrawS. Muscle activation following sudden ankle inversion during standing and walking. Eur J Appl Physiol. 2007; 99: 371-378. doi: 10.1007/s00421-006- 0356-910.1007/s00421-006-0356-9 https://doi.org/10.1007/s00421-006-0356-9

	KarlssonJAndreassonGO. The effect of external ankle support in chronic lateral ankle joint instability: an electro myographic study. Am J Sport Med. 1992; 20: 257–261. doi: 10.1177/03635465920200030410.1177/036354659202000304 https://doi.org/10.1177/036354659202000304

	ColeGKNiggBMFickGHMorlockM. Internal loading of the foot and ankle during impact in running. J Appl Biomech. 1995; 11: 25-46

	De WitBDe ClercqDLenoirM. The effect of varying midsole hardness on impact forces and foot motion during foot contact in running. J Appl Biomech. 1995; 11: 395-406

	DixonSJStilesVH. Impact absorption of tennis shoe-sur face compositions. Sports Engineering. 2003; 6: 1-10

	DammLLowDRichardsonAClarkeJCarréMDixonS. The effects of surface traction characteristics on frictional demand and kinematics in tennis. Sport Biomech. 2013; 12(4): Page 6 389-402. doi: 10.1080/14763141.2013.78479910.1080/14763141.2013.784799 https://doi.org/10.1080/14763141.2013.784799

	DixonSJJamesITBlackburnKPetticanNLowD. Influence of footwear and soil density on loading within the shoe and soil surface during running. J Sports Eng Tech. 2008; 222P1: 1-10. doi: 10.1007/978-0-387-46051-2_210.1007/978-0-387-46051-2_2 https://doi.org/10.1007/978-0-387-46051-2_2

	LowDCDixonSJ. Understanding the effect of changes to natural turf hardness on lower extremity loading. Meas Control-UK. 2014; 47(7): 212-218. doi: 10.1177/0020294014546942 Page 710.1177/0020294014546942 https://doi.org/10.1177/0020294014546942




OEBPS/nav.xhtml
Contents

		Understanding the Effect of High-Cut Shoes, Running Shoes and Prophylactic Supports on Ankle Stability When Performing a “V”-Cut Movement

		Introduction

		Methods

		Results

		Discussion

		Conclusion

		References





