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Abstract t 
Twoo different hypotheses have been advanced to explain the formation of 
talotibiall  osteophytes in the anterior ankle impingement syndrome. We 
investigatedd how frequently hyperplantar flexion occurs during kicking and 
whetherr the site of impact of the ball coincides with the reported location of the 
osteophytes.. We also measured the magnitude of the impact force. We 
studiedd 150 kicking actions performed by 15 elite soccer players by using mobile 
sensorss and high-speed video. In 39% of the kicking actions, the plantar flexion 
anglee exceeded the maximum static plantar flexion angle. Ball impact was 
predominantlyy made with the anteromedial aspect of the foot and ankle, with 
impactt between the ball and the base of first metatarsal in 89% of the kicking 
actionss and between the ball and the anterior part of the medial malleolus in76%. 
Post-impactt ball velocity averaged 24.6 m/s, with corresponding average force 
off  1025 1M. 

Hyperplantarr flexion was reached only in the minority of the kicking actions. 
Thee data on impact location and impact force support the hypothesis that spur 
formationn in the anterior ankle impingement syndrome is related to recurrent 
balll  impact, which can be regarded as repetitive microtrauma to the anteromedial 
aspectt of the ankle. 
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Introduction n 

Formationn of talotibial osteophytes at the anterior part of the ankle joint is a common cause of 

chronicc anterior ankle pain.25101214-20'22 The presence of osteophytes has been reported in as 

mayy as 60% of professional soccer players (percentage based on 80 players).11 Morris (1943) 

andd later Mc Murray (1950), named the condition "athletes ankle" or "footballer's ankle" and 

prescribedd the treatment.1314 In subsequent studies the term has been replaced by "anterior 

anklee impingement syndrome".4:l4:l620:23 The exact cause of the formation of impinging talotibial 

osteophytess is not fully understood. 

Onee hypothesis assumes that recurrent traction to the joint capsule during maximal plantar 

flexionn movements of the foot, as is assumed to occur during kicking actions in soccer, is the 

essentiall  cause, resulting in traction spurs.2:3:l 1:13 In a more recent hypothesis it has been suggested 

thatt formation of osteophytes in the ankle is related to direct damage to the rim of the anterior 

anklee cartilage in combination with recurrent microtrauma, such as is caused by direct impact 

off  the soccer ball on the anterior ankle region.23 The potential risk of the impact of a soccer ball 

hass been described by several authors.9-21 

Directt macrotrauma is observed in the majority of patients with supination traumas.22 Subsequent 

directt recurrent microtrauma by repetitive kicking actions will induce inflammation, the 

developmentt of scar tissue, calcification, and subsequently spur formation.23 This hypothesis 

involvess the assumption that during the kicking action there is direct impact of the ball on the 

anteriorr ankle region, and that the magnitude of the impact forces is potentially harmful. 

Evenn though these two hypotheses are widely cited, experimental support for either is scarce. 

Thee aim of this study was to investigate how frequently hyperplantar flexion occurs during 

kicking,, whether the site of impact of the ball coincides with the location of the osteophytes 

andd whether the magnitude of the impact force is potentially harmful. In particular, we gathered 

dataa regarding range of motion, impact location and impact force. 

Materialss and methods 

Experimentall  setting 
Thee experiment was performed in an indoor exercise laboratory with an artificial turf surface. 

Subjectss were instructed to kick a soccer ball (NIKE type GEO 850, 434.8 g, 700g/cm2) at a 

goall  (length 7.3 m, height 2.4 m) located at 11.0 meters distance. The experimental setting was 

shieldedd by a safety net. A small ramp (height 133 cm, length 257 cm), located between the 

goall  and at a distance of 6.2 meters from the kick-off place at an angle of 55 degrees, was used 

forr rolling the ball with a velocity of 2.2 m/s towards the kick-off place. 
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Beforee the experiment, all subjects followed a warm protocol consisting of 15 minutes cycling 

onn an ergometer (type GIH Monarch, Stockholm, Sweden) with an increasing load (75 to 200 

Watts)) and 15 minutes of familiarization trials with the experimental setting. After this warm-

upp period, the static active plantar flexion of the subject's ankle was measured with the subject 

seatedd and the sole of his foot on the ground (horizontal reference). The fibular head and lateral 

malleoluss were marked with white adhesive markers. A digital camera (Sony Digital, type 

MVC-FD7,, Tokyo Japan) was positioned perpendicularly at a distance of 1.5 meters from the 

subject.. Subjects were instructed to actively plantar flex their foot maximally. The foot was 

thenn photographed. On the printed photograph that was later printed, lines were drawn between 

thee markers and the horizontal floor to create intersecting lines that could be measured by a 

goniometer.. The measurements were expressed in degrees of plantar flexion. 

AA series of 10 kicks in which the ball reached the goal were registered for each subject. Five 

kickss of a stationary ball were followed by five kicks of a ball rolling towards the kick-off 

place.. The subjects were instructed to perform each kick at maximal effort. After each trial, 

feedbackk was provided with regard to the velocity of the ball. The choice of approach was free. 

Subjects s 
Fifteenn right-foot dominant highly active amateur soccer players with an average age of 27.4 

yearss (19-35) took part in the experiment. AM subjects were male and had at least 10 years' 

experienceexperience playing soccer (average, 18.4 years). 

Apparatus s 
Thee location of the impact of the ball to the foot or ankle was determined by five contact 

sensors,, with a dimension of 2.0 * 1.5 cm (constructed by the Department of Medical Technology 

Development,, Academic Medical Center). The sensors were placed, using adhesive tape, over 

thee anterior side of the medial malleolus, the base of the first metatarsal bone, the head of the 

firstfirst metatarsal bone, the base of the fifth metatarsal bone and the anterior side of the lateral 

malleolus.. Impact on the time-independent sensors generated an output voltage that was 

radiographicallyy transmitted to a five-channel momentary mode receiver (type FMDH4-XXX, 

Farnell,, Leeds, United Kingdom) and saved onto a personal computer. 

Planarr kinematics was studied using a high-speed video camera (SpeedCam 512 Lite; Weinberger, 

Karlsruhe,, Germany) running at a frequency of 1 kHz. Retroreflective markers were placed on 

thee fibular head (1), the lateral malleolus (2), the calcaneus (3), the base of the fifth metatarsal 

bone(4)) and the head of the fifth metatarsal bone(5) (Fig. 1). The camera was set on tripod and was 

positionedd at right angles to the plane of the kick-off place (distance 2.5 meters and height 0.3 meters). 

Twentyy 100-Watt lights were placed parallel to the camera to optimize contrast. The high-speed video 

dataa with chronologic codes were temporarily stored in the computer memory during the registration 
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Fig.. 1. Images observed with the high-speed video camera (1000 frames/sec). Images sequence of the 
preimpactt (a), impact (b,c) and postimpact (d) processes during the kicking action. 

andd subsequently recorded on videotapes. A conversion factor for changing film distances into real-life 

measurementss was determined by filming a reference frame ofknown dimension in the plane of movement. 

Dataa from the videotapes were digitized, and two-dimensional marker coordinates were obtained 

semiautomaticallyy with use of Vidiplus (software package developed at the Faculty of Movement 

Sciences,, Amsterdam). 

Dataa analysis 
Thee results of the impact-area measurement from each sensor were analyzed using Excel software 

(Microsoft,, Redmond, Washington, the United States). The postimpact velocity of the ball, 

angularr displacement of the ankle, the impact duration and the impact force were calculated from the 
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high-speedd video data. 

Thee horizontal and vertical velocity of the ball during the first 0.01 seconds (10 frames) after 

thee impact were calculated from the position of the ball in these frames. The angular displacement 

off  the ankle was calculated from the position data of the markers on the subject's leg and foot. 

Thee angle between the lines formed by markers 1 to 2 and 3 to 4 to 5 was calculated (MATLA B 

5.0;; The Math Works, Inc, Natick, Massachusettes) and expressed in degrees of plantar flexion. 

Thee impact duration of the ball was obtained from the number of frames in which ball-to-foot 

impactt was observed. 

Thee change in the momentum of the ball (p) was calculated from the ball mass (mb) and the 

velocityy of the ball before (V J and after (V  )y) impact according to the following equation: 

pp = mh t (v s|-v K). Because the time integral of the force on the ball equals the change of ball momentum, 

thee average impact force (Fav), recorded in Newton (N), could be estimated from measured quantities: 

FF =m.,(v -v )/At, where At is the impact time. Note that the contribution of gravity to F was 
a\ga\g h * x post p re' ' ' o J a Vg 

neglected.. Differences in the velocity of the ball between the two kicking procedures were assessed 

withh the Wilcoxon matched pairs signed rank test. The Spearman correlation coefficient between the 

angularr displacement and the velocity of the ball was calculated. The statistical significance level was set 

att 0.05. 

Results s 

Locationn of Ball Impact 
Thee distribution of the location of the impact between the ball and the mobile sensors on the 

foott and ankle is given in Table 1. Of the 150 attempts, the average number of activated sensors 

wass 2.4. 

Tablee 1. Distribution of the location of ball impact on the contact sensors on the foot and ankle in 150 kicking 
attempts. . 

Locationn of ball impact Number of impacts Percentage of total attempts 

Mediall  malleolus 114 76 
Basee 1 st metatarsal 134 89 
Headd 1st metatarsal 94 62 
Basee 5 th metatarsal 6 4 
Laterall  malleolus 12 8 
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Velocityy of the Ball 

Thee average velocity of the ball in the 150 kicking actions was 24.6 m/s (range, 18.9 to 29.8) The 

horizontall  and vertical velocity were 24.3 m/s and 3.6 m/s, respectively. The average ball velocity in the 

stationary-balll  procedure was 24.3 m/s (range, 19.8 to 28.5); the horizontal velocity 24.0 m/s and the 

verticall  velocity 3.6 m/s. For the rolling-ball procedure, these figures were 24.9 m/s (range,l 8.9 to 

29.8),, 24.7 m/s and 3.6 m/s, respectively. There was no statistically significant difference in the postimpact 

velocityy between the rolling-ball procedure and stationary-ball procedure. The results of both procedures 

weree therefore combined. 

Angularr Displacement 

Thee maximal static active plantar flexion, averaged over all subjects, was 46.8 degrees (range, 

40.00 to 51.0). During the experiment, the average degree of plantar flexion angle changed from 

26.11 degrees just before impact to 47.6 degrees (range, 26.7 to 60.8) at the end of the ball 

impact.. In 58 of the 150 kickingg attempts (39%) maximal plantar flexion exceeded the subject's 

maximall  static plantar flexion. In 6 of the 15 subjects, the average plantar flexion angle during 

thee kicking action exceeded the statically measured maximal plantar flexion angle (Fig. 2). No con-elation 

wass found between the velocity of the ball and angular displacement (rs = 0,273). 
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Fig.. 2. Maximal static active plantar flexion measured with goniometer (Max active PF) and average plantar 
flexionn calculated from the high speed analysis during 150 kicking actions (Max PF during kicking) in 15 
subjects.. Abbreviations: Max = maximal, PF = plantar flexion. 

Impactt time, Force and impulse 
Thee average duration of the impact of the foot or ankle and the soccer ball was 10.7 msec (range, 

88 to 17). The average force and impulse of impact was found to be 1025 N and 11.0 N/s, respectively. 
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Discussion n 

Twoo hypotheses have been suggested for the cause of talotibial osteophyte formation in soccer 

players.. The first is that recurrent hyperplantar flexion of the foot, inducing traction on the 

anteriorr joint capsule, is the essential cause, resulting in traction spurs.2-3"-13 The second is that 

formationn of osteophytes in the ankle is related to direct trauma of the rim of the ankle cartilage 

causedd by compressive forces occurring during the impact of ball to foot. In this study, we 

analyzedd the degree of hyperplantar flexion, the impact location and the average impact force 

duringg the kicking action to test these hypotheses. 

Theree are methodologie pitfalls and limitations to this study. First, the methods used for 

measurementt of static active plantar flexion and plantar flexion during kicking were slightly 

different.. In the static condition, the sole of the foot was aligned with the floor. During the 

kickingg action, the orientation of the sole of the foot was calculated from three markers on the 

soccerr shoe. Small variations in thee placement of the markers on the shoe and displacement of 

thee foot in the shoe could have influenced the calculated degree of plantar flexion. 

Thee contact sensors, which were placed on five anatomical landmarks, were used to register the ball to 

foott or ankle impact location. The average impact force was calculated indirectly from the high-speed 

videoo data to give an impression of the potential risk ofhigh impact forces. Damage to anatomic structures 

iss related to the degree of pressure. Direct measurements by pressure sensors would have given a more 

accuratee reproduction of the pressure figures. However, such pressure sensors, which would have to 

quantifyy pressure figures in a very small impact period (< 10.0 msec) were not available and are not 

describedd in the literature. 

Thee results of the high-speed video analysis show that the plantar flexion increased during ball 

too foot impact. In 39% of the kicking actions, the plantar flexion angle exceeded the maximum 

staticc angle. Thus, in these kicking actions, extensive repetitive strain on the anterior joint 

capsulee does occur. This result supports the hypothesis that anterior osteophytes (spurs) can be 

thee result of traction.2-3 " u 

However,, morphological data are not fully in support of this hypothesis. It has been reported on 

thee basis of observation during surgical procedures that genuine traction spurs located exactly 

nearr the attachment of the anterior joint capsule are found only in a minority of cases.423 In 

mostt cases the osteophytes are situated at the articular margin of the anterior ankle joint. In 

normall  anatomy, the lower surface of the anterior tibia and the anterior part of the medial 

malleoluss are covered with cartilage. It is this nonweight bearing cartilage rim that undergoes 

thee osteophytic transformation. These osteophytes are located 5-8 mm distal to the capsular 

attachmentt and are therefore unlikely to be the result of repetitive strain on the joint capsule. 

Accordingg to the hypothesis of recurrent direct trauma to the ankle cartilage rim, ball impact should 

occurr in the area where osteophytes are found, and impact forces should be high enough to be potentially 
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harmful.. Analysis of the location of ball impact during the kicking action shows that ball impact is 

predominantlyy made with the anteromedial aspect of the foot and ankle. In 89% and 76% of the kicking 

actions,, there was impact between the ball and the base of first metatarsal bone and the anterior part of 

thee medial malleolus, respectively. 

Inn the present experiment, the calculated average values of impact time, force and impulse were 

10.77 ms, 1025 N and 11.0 N/s, respectively. The impact force represents the average net force 

off  impact. Thus, this figure represents a lower limit of the peak impact force. The peak impact 

forcee depends on the shape of the force-time curve. If we assume that the impact force-time 

curvee can be approximated by a half sine wave, the peak impact force is found to be the average 

impactt force multiplied by p/2, yielding 1610 N. The impact forces during kicking action can 

actt repetitive trauma to the anterior rim of cartilage of the medial malleolus. Except for a thin 

subcutaneouss layer, parts of the anterior cartilage rim are covered only by skin. Recurrent 

traumaa due to repetitive kicking might induce inflammation, development of scar tissue, 

calcificationn and subsequently spur formation. In cases where local cartilage damage is already 

present,, due to supination or direct trauma, repetitive ball kicking can be regarded as an additional 

factorr in the development of the footballer's ankle.1322*23 

Inn conclusion, maximal plantar flexion was reached in only a minority of the kicking actions. 

Thee majority of the talotibial osteophytes are not located at the capsular attachment. The 

hypothesiss of formation of talotibial osteophytes due to recurrent microtrauma to the joint 

capsulee leading to formation of traction spurs is therefore plausible only in the minority of cases. However, 

thee data on impact location and impact force reported in this study, do support the hypothesis that 

anteriorr ankle impingement syndrome is related to the occurrence of direct damage to the ankle cartilage 

rim,, with subsequent reactive spur formation. 
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