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ABSTRACT 

The purpose of this study was to document, the kinematic 
;.--

pattern of the ankle in a forward skating acceleration task. i 

-1fhe second major concert') was to assess the effect of removing 

the ankle support normally prov ided by hoc Key ~kates on thi s 

patt_ern ° Two male advanced level hoc key players were ~ i Imed on 

the fourth stride of a maximal intensity acceleration by two 

LOCAM cameras operating at 100 fr/s. 

give sagittal and frontal plane views 

Cameras were placed to 

with respect to the ,skate 

blade during ice contact 0 .. Subjects underwent 10 trials in each , 

'" of two skate èonditions: a conventional hockey skate, and an 

identical skate wi th a11 ankle restric t ion removed. 
, 

Analysis ~revealed dorsiflexion upon touchdown, with 

pronation· and further dorsiflex'ion <?ccurring during contact ° 

Maximum values of pronation and dorsi flexion were reached just 

before the heel of the ska te blade le f t the ice oThe heel-of f 

to toe-off phase was characterized by large plantar flexiod and 

supination velocities. The ranges of motion as well as the 
" 

:ângular velQ.Ckties at the ankle in both planes were greater for 
. 

the test skate condition. It was apparent that important 

forward impulse· occu,rred as a resul t of ankle f lex~on. The 
,'. 

ankle support i riherent in hockey skates appeared to reduce thi s 
.....,,- J.,. ~ 

impulse ° Resul ts were discussed in terms of a biomechanical 

~el of skating_ 

c. _ 
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RESUME 

, La présente étude v.isai t dans un premier temps à doc~menter 
le pattern cinét ique de la cheville lors d'un rnoiement 

d'accéléra t i on avant 'sur pat i n à glace. Dans un deux i ème temps 

l'élément du support du pat i n a été enl ève af in d'évaluer les 

conséquences de l'absence de soutien sur le pattern cinét ique 

obtenu. Deux joueurs de hoc key de n j veau avancé ont été filmé à 

l'a ide de deux caméras LOC,AM reglées à une vi te~se de 100 fr/s, 
< 

lor·s de la quatriéme foulée d'une accélération, d'intensl'té 

max imale. Les caméras étai ent placées de façon à obten i rune 

vue des plan s 5agg i tale et f rontà1e de la Jarne du pat if! 10r 5 du 
q. • • "-

contact avec la patlnolre. Les sujets', ont été soumis à une 

série de 10 essais pour chacune des deux conditions 

experimentales, avec ou san·s support de cheville. Les' résul tats 

--de l'analyse cinématographi,que ré~èlent un pa t tern de flex ion 

dorsale en phase initiale de contact avec lei surface glacée, 

a'ssocié à une pronation et une flexion dorsale accentuées au 

moment de contact. Les valeurs max irna1es de pronat iOI) et de 
CI 

flexion dorsalé opt été observées irnrnéd ia temen t avant 

l'élévation_du talon de la lame du patin. La période entre 

l' éléva t ion du ta l on de la lame de patin et l' élévat ion 
) , 

partie antér iellre rrox, imale 

vitesses de flexion) plantaire 

du, pat in se cara téri se par 

et de supination importantes. 

de Jal 

des 

Des 

amplitudes de mouvements et des v~locités angulflires de' la 
, 

chev,i Ile pl us importantes on t été observées lors de s essa i s 

'1 



.If 

Ct 

" 

o 

l., 

1 
" 

Hi 

effectués avec le patin modifié; Il appar'aît évident, qu'une 
".......-- . Ji'" 

- impulsion ant,é'rieure "importante survienne en réponse à la 

'\ 

. . 

" 

flexion de la cheville. Il semble que l'-insertio~ d'un support 

de cheville dans la chaussure du patïn de hoèkey provoque une 

diminution de l'impulsion antérieure. Un modèle biomécanique du 
~ . 

patlnagé sur glace est présenté 
, 

partir des ré sul tats obtenus. a 
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CHAPTER I 

INTRODUCTION 

.. 

C] 

from a state of low 
\! 

"The abilit,y to accelerate very, quickly 
... 

veloc i t'y i sone of the.most important, fundamental sk i1ls oJ~ a 

hockey player. _The necessity of this skill becomes apparent 

when one considers the -nature of , the game and the physical 

boundaries of the surface on which it is played. 

which plays de~e~op with split-second timing, 

In a game in 

even a slight 

advantage in this area aan make the difference between winning 

and losing. 

ln hockey coaching manuaIs, the need for full extension of 

the,hip, knee, and ankle in effective acce1eration is stressed 

(Wild, 1971; Can-Am Hockey Group, 1973; Watt, .1973; Hockey 

Canada, 1975; Stamm, Fischler, & Freidman, 1982) .. However, 

extension of the ank1e may be compromised by the type of hockey .... 
boot worn by the skater. The development of the restrictive 

hockey boot, and in particular the achilles tendon guard, has 

evolved from the need for protection, and the need of, young 

skaters for ank1e support, without any concomitant assessment of 

the effect of the boot on kinematic skating pattern ~r skating 

performance. Other types of skates, l-such as speed skates and 

bandi skates (used in agame which has demands similar to 

hockey), leave the ankle free from réstriction. It is very 

possible that. the present hockey skate inhibits skating 

performance. J 

or' 
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1.1 Nature and Scope of the Study 
r--

Skating differs fundamentally from other means of bipedal 
, 

locomotion in three prirnary aspects. First, horizontal ground 

reaction forces are elicited- perpendicular to the direction of 

the foot, necessitating outward rotation of the thigh before a 

forward directed impulse can be applied. Secondly, the foot ---
through which the force is being applied is rnoving (gliding) 
-

relative to the ice surface. In addition to these concerns, the 

skate ,~_lade offers an extremely narrow base of support resultin9 

in a very effective mechanical advantage for forces rotating the 

~
skate about an axis along the blade. 

With virtually aIl external force in skating propulsion , , 

~ 

.. 

_ tt', 

acting through the skate blade, it should be readily apparent 

that the position and angle of the blade relative to the ice, 

and the transmission of forces to the blade, are of fundamental 

importance to skating. The function of the ankle in this regard 

is critical. However, the manner in which the ankle controls 

the direction and timing of force application, as weIl as the 

ankle's effect on total impulse, are aspects of skating which 

are presently very poorly understood. 
, '" 

Motion at the ankle takes place at two joints (Wells & 

Luttgens, 1976). The ankle proper is a ~inge joint fo~med by 

the articulation of the talus with the rnalleoli of the tibia and 
r 

the 'fibula. The sub-talar joint is formed by the articulation 

of the talus with the calcaneus. Tpis non-axial joint permits . 

,limi~ed glidJng between the articulating surfaces. Together, 

these two joints produce four movements in two planes: ~iantar 

... 
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dorsal:flexion in the sagittal plane and supination - pronation 

in the frontal ~an~." The range of motion for each action is a 

reflection of jOlnt ~t~cture, soft tissue charatteristics such 

as ligaments-, and muscular activity.' The· facto;-s influencing 

ankle movement interact with tne support characteristics of the. 

skate to yield the resulting kineIDatic pattern for the skater. 

It is mechanicaIly sound to expect tpat energy provided to 

the athlet~ is maximized when the torque-producing musculature 

of the -hip, knee, and ankle can act through as large a range of 

motion as possible. Pa,ge (1975) and McCaw ( 1984) related 

maximal skating velocity to range of motion at the knee a?d 

hip. However, McCaw (1984) indicated that ' elite ska tet s ha~./ 
, 

smaller ank1e displacements t~an in~ermediate o~ novice skaters. 

McCaw did not complete his analysis ~f the ankle resuit6, noting 

that his experim~nt was not designed to provi~e data on the 

kinematics of the ank1e. 

-==-----
Excess pronation , - during . lower ' 1imb extension can 

e'ffectively absorb a great deal of the -energy provided b'y the 

hip and knee extensors. This is considered a co~mon and often 

'severe prob1em with young, beginning skaters,(Hunte(, Schuberth, 

& McCrea, 1981) .• However~ sorne pronation may be necessary in 

order to set the blade in the ice at an appropriate angle t~ 

elicit a horizontal ice reaction force early in the propul~ive 

phase of the skatini stride, when forward lean of the skater is~ 

very,small. It is also possible that supination of the ankle 

adds impulse to the skat~ later in the stride; if 50, early 
r 

pronat'ion increases the range of mOtion for this act,ion and may 
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even serve~to ~tore energy in the muscles and ligaments.' Film 

of advanced skaters (Hoshizaki, 1985) indicated that pronation 

was occurring during the fourth stride ih an acceleration task. 

Little is known about the degree of importance of pronation and 

the effect of boot restriction .on this action. 

A riumber of studies (Marino & Dillman, 1978; Marino" 1983; 
\ 

Greer & Dillman, 1984; McCaw, 1984) have used high-speed 

cinematography to measure vari9 bles reflecting the lower 11mb 

kinematic pattern; but none' of these have been directed at 

examining an'k1e movement. A major problem with-the 'design of 

these studies, as far as the anklè is concerned, is that·filming 

takes place in the sagittal plane, while joint motion of the 

lower 1 imb ta kes' place in obI ique planes., Measuremen t er ror 

increases - with increasingly distal joints, with ankle 

measure.ments being., .particularly affected.' Documenting 
, <- .' , ! 

~ody parameters necessitates a relatively 

total 

large 

ca~ta-to,subject distance, limit}ng the precision of ankle . . 
kinematic measurement. 

»' 

"4-.. ..l' 

1.2 Purpose of the- ~t~dy 

1 

The purpose of this study was r:-, 
, 

to document the kinematic 

pattern of the ank1e joint during t~e acceleration phase of 

forward skating .. The second concern of this investigation was 

" tO'compare the effect (on kinematic pattern) of a skate which 

was designed to support the ankle range of motion of a skater 1 

with an identical fokate that was designed to allow the ankle 

freedom of movement. 
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1.3 Statis-tical -Hypotheses , 

G Each of }he ,following hypotheses' 'éompa~es a skater wearing 

! 

o 

the test skate (with little ankle support) to'the same skâ ter' 

wearing a conventional skate. 

1. There will be n0 significant differences in 
, 

MINIMUM ANKLE 

ANGLa. IN 'THE SAGITTAL PLA-NE (dorsiflexion). 

2. There will be no significant differences in PLANTAR FLEXION 

ANGLE AT TOE OFF.' 

3. The~e will be no significant. differences in MAXIMUM PLANTAR 

FLEXION VELOCITY. 

----4. 'The re will be nO'signif'icant diffeJ;"~nces in MINIMUM ,ANKLE 

ANGLE IN THE FRONTAL PLANE (maxjmum pronation)., 

/ 5. There will be no significant differenc~s 

SUPINATION VELOCITY. 

Evaluation of, these hypotheses necessita~es a quantitative 
~ ~ ~ 

description of ankle kinematics. Therefore, although th~ 

hypotheses deal with what has been labelled a 'secondary 

concet"n" of the st,udy (that i s, an asserent of the ,-.ef fect of 

ankle support." on the kinematic . pattern), the primary purpose of 

the study will be served. 

1.4 Limitations and Delimitations 
( L 

The limitations of this study are: 

1. Mbvcment of the foot within the skate bo6t will 
~ 

cause an 

error in t~e measurement of ptonation, sinc~ the back of the 
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boot ts representing the calcaneus segment. This error was 

IJ}inimized in this-- study by .. using only a professionally 

fitted and high quality molded skate boot. 

2. Each ~rial is assumed to have been a maximal~effo~t. 
3. Subjects did not càrry a hockey stick. 

The following delimitations apply to til'is study: 

1. Only the Micron Medalic skate was used. 

2. Only the 4th stride in the acceleration task ,was analyzed. 

3. Results apply to each subject i~ividually, and they cannot 

be assumed to be representative of any Rarticular population , 

.of skaters. 

1.5 Definitons and Abbreviations. 

The following definitions and abbreviations will be used in this 

study': 

SPATIAL-TEMPORAL COMPONENTS 

Skating stride The unit o~ rnovement in .skating between 

contralateral foot touchdowns. ,A right stride begins with 

right foot touchdo~n and end7 with left foot touchdown. It 

is~ cone-half of a skating cycle, wh.ich commences f_with 

touchdown of one foot and terminates with the subsequent 

touchdown of the same foot. 

Touchdown (TD) : That moment during" a skating stride when the 

skate first makes contact with the ice. 

1 
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Heel-off (HO) That moment during a skating stride when the 

posterior end çf the skate blade is lifted off the ice. 

Toe-of f (TO) That moment during a skating stride when the 

'skate blade leaves thy ice. 

Contact Time (CT) : The auration in time from TD to TO of the 

same skate (seconds). 

Str;ide Tim~ (STr : The duration of on~stride (seconds). 
l " 

Stride Rate (SR) :' The reciprocal of stride time (/s). 

~ingle Support Time (SST) : The time during a stride when only 

one blade is in ice contact (seconds). 

Double Support Time (DST) : The t ime dur 1'ng a st ride when bc:rtll 

blades are in ice contact (seconds). 
. 

Stride Length (SL) The distance covered by the skater' in the 

sagittal plane . du~ing one stride. It was measured as t~e 

distance between heel positions at successive,TDs (meters). 

ANGLE DEFINITIONS 

*Note that in the !ollowing 'lateral' and 'posterior' are " 

considered with respect to the foot. 

Ankle Flexion Angle 
,. , ~4 

Measure of the angle between foot and' 

shank as seen by the lateral camera (degrees). Angle is 

formed by' the 5th rnetatarsal-phalangeal joint, lateral 

malleolus, and the tibia-femur joint. 

Ankle Pronation Angle Measure of the angle between the 

posterior midline of the leg and a line on the boot in the 

sarne plane as the skate blade, measured laterally (degrees). 

. -
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Angle of Propulsion: The angle between the desired di~eçtion of 
,1 

the skater's motion and'\the direction of t~e skate blade 

during propulsion (degrees). 
,d • 

~lade Angle' : Angle between the normal to, the ice sur'face and 
'.# 

the vertjcal axis, of the skate blade (zero degrees, when 

standing) . 

-

-, -".. 

- '. 

-' 

'. , , ' 

, -

, . 

\ 

.. 

-

.. 
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CHAPTER 1-1 

REVIEW"OF,LITERATURB; . 

,Although a number of studies have addressed the problem of . ' 

identifying the biomechanical" factors which contribute to 

skating accele~ation'perforrnance, non~ of them have ~ealt with 

th, ~unction of the ankle. In this chapter the importance of 

ankle motion to skating perfor,mance will be argu~d. In 

particular, the relationships of plantar flexion, dorsal 
---~ '\, 

flexion, an~ ankle pronation to forw~rd impulse in the skating 

stride and the possible but unknown effeçts of ankle support on 

these components will be discussed. 

Hockey skating coaches general1y insist that proper skating 

acceleration is characterized ~y maximum extension of the hip, 
" 

knee, and ankle joints of the lower limb (Wild, 19"11; Can-Am 

" Hock!y Group, 1973; Hockey Canada, 1975; Marcotte, 1978; Stamm 

et al, 19B2). Page ~1975) found correlations between maximal 

ve10city of hockey players and both k~ flexion and knee 

extension. McCaw (19B4) studied novice, intermediate, and elite 
-~ 

level -skaters and found that higher abili ty levels registered 
, 

greater ranges of angular motion at both the hip and the knee 
( 

when skating at maximal velocity. Significantly, the greater 

range of motion resul!ed,pr!marilY from greater joint flexion 

prior to extension. None of the ability levels exhibited full 

knee exten~ion, in contrast to the expectations of coaches. 

These resul ts are con'si'ptent wi th studies of running (Mann & 

\ 
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Hagy, ·1980,) a-nd the "diagonal str~e in--cross country skiing 

(Gagnon, 1980) which demonstrated that larger ranges of motion 

at both the hip and the knee corresponded to an increased speed. 

These increased ranges of motion ~ith speed resu~ted p~imarily . 
from great~r degrees of joint flexion prior to propulsion. Mann . , 
& Hagy (1980) noted-greater dorsif~exion when subjècts switcheo 

from running to sprinting, and Sykes (1975) measured'increases 

of the order of 10 D for both plantar' flexion and dorsiflexion 

for an elite runner changing speeds ~rom 6,4 to 8,9 m/&~ 

The increase 
• Q 

i~ range of motion with speed is to, be 

expected since the dis~ance through which each of the extensor 

groups exerts force is ~mportant in determining the body's 

kinetic e~ergy at the end of propulsio~ (Hay, 1978). Manne;-

,Hagy (1980) point ~ut that an additional benefit of increased 

bip and knee flexibn as weIl as ankle dorsiflexion is the 

lowering of the center of mass of the body. The result is that 

the center of mass is more optima~ly 'placed for the application 

of forward horizontal force once it is ahead of the ground 

sUP1?ort foot. 

Mccàw (1984) measured ankle angles of novice, intermediate; 

and elite skaters at ~aximal velocity with a camera filming 
, 

motion ~:":the sagittal plane. The experiment was designed to 

meas~re total bddy par~meters; the large field of view required, 

combined with the three dimensional nature of the motion 

involving lateral rotation of the hip and hip abduction, make 

both the Teliability and validity of the ankle measurement 
, , 

resul~s questionable. Results showed an increase in jhe degree 

.. 

. ' 
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of maximal dorsiflexion with skating abi)ity, as expected . 

. However, plantar flexion values at takeoff were not large, and 

decrease~ considerably as skating ability increased, to' the 

extent that the eli\e skaters had a smaller ankle range, of 

motion than the novice skaters did. The range of motion was 

less than 20° for aIl three groups. This result is contrary to 

the subjective description of ankle action presented in -the 

general coaching literature cited earlier, which emphasizes' 

ankle plantar flexion. McCaw suspected that his measurements' 

were in error because of the three dimensional nature of lower 

1imb extension, and suggested that his r~sults were more a 
, 

reflection of greater lateral hip rotation with the superior 

ability levels than decreased plantar flexion. 

The importance of ankle extension in gait has been a 

subject of several studies. Mann & Sprague (1980) and Mann 

(1981) measured joint moments in the lower limb during 

sprintingl Their results indicate that a large impulse is 

provided by the ankle extenso~s during pushoff (not to mention a 

large eccentric braking impulse upon landing). In ,fact, the 

data show that ankle ~xtension provided more impulse durfng the' 

last quarter of contact time than knee extension during that 

period. In an EMG study, Mann & Hagy (1980) found that the 

posterior calf muscle was '. active right up un t il toe-off 

spr i nt ing,' but act i vi ty stopped shor t ly a f ter plantar f lex i 011 

commenced in running. This implies that ank~e extension is of 

increasing .importance as running speed increases, particularly 

in, the fina~ port~ons of ground support. As far as enèrgy 
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produçtion capability is concerned, Winter "(1983) found that 

peak power generation, a reflect~on of both joint m6ment, of 

force and angular velocity, was greater at the ankle during 

walking than at the hip or the knee. 

The applicability of these results to 'skating is 

questionable. Van Ingen Schenau & Bakl<er (1980) hav~ develope.d'. 

a biomechanical model of speed skating in which no plantar 

flexion occurs. Apparently, speed skaters are coached to avoid 

~ plantar flexion during the pushoff. The reason for this is ,as 

follows: While lateral impulse is being provided through . 
., 

extensions of the hip and knee, the skate is sliding in the 

di r,ect ion of the blade. Plantar flexion involves pu~hing the 
- , , 

front end of the skate against a fixed point on the ice, and 

above 
, 

certain speed retrofiexion of the hip and {Slantar a 
• 

flexion of the ankle will move the blade tip backward relative 

to the skater at a speed slower than that of the skater relat'iye 

to the ice. The result will be a braking rat~er than a positive 
1 

impulse. The authors point out that plantar flexion is a 
,~ , 

particular problem with beginners because 6f the confusion of 

skating te~hnique with the more familiar techniq~es of pushoff 

in walking or running. 

This may exp,lain MCCaw' s (1984) data which indicated .a 

trend to less plantar flexion with the more advanced skaters. 

However, it directly contradicts the desc~iption of proper ankle 

action presented in the hockey coachi ng literature. 

Furthermore, the movement pattern of...-hoc key power skat ing i5 , 

quite different from tbat of speed skating (MarIno & Weese, 

l ' 

" 
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1979) • Finally, the reason fpr elimipating plantar flexion 

action was related to the speed of the skater relative to the 

ice, whi~h for speed skaters can surpass 14 m/s (Kuhlow, 1974). 

McCaw's subjects had ... mean maximal velocities whiG:\h ranged from 
, 

6,9 m/s for his novice group to 9,2 m/s for his e1ite group, 
1 

considerably less than the velocity of speed skaters. It must . 
also be remembe.,red that maximal , velocity data ha~ 1 imi tJd 

appl icabi 1 i ty t'o the type of ska t ing which occurs in hockey, 

which consists primarily of short duration, h~gh intensity 

accelerations at relatively low velocities (Dillman, Stockholm, 

Ge Greer, 1984). 
1 

These authors filmed 22 advanced level hockey 

players for 13,5 secon9 sequences in a game situation and found 

mean", peak velocities 'of only '5,01 'rn/s. Ranges and standard 

. deviations were not presented. 

,Consideration of the dynamics of the skating stride is 

helpful in elucidating the role of the ankle in forward 

propulsion. , During the .. sJ,t,ating step, 
- t' 

forces acting on the 

center of masS are'elicited through the reaction force of the 

ice on the skate blade. Considering that the coefficient of 

dynamic friction between ice and skate blade is 0,02 anq forces 
#J 

applied PY, the 'skat~ainst the 

2000 N (Roy, -~978),- iV is clear 
. \ 

forces alon9 the direction of the 

ice are typically less than 

that horizontal propulsive 

skate blade cannot be greater 

than about 40 N. Sin~e the horizontal force on t~e skater may 

be 20 times this amount, almost aIl of this force must be in a 

direçtion perpendicular to the blade. 

Skating therefore r~quire5 rotation at the thigh 50 that a 

''-, -
\ 



o 

,0 , .. 

, 

~ r, j 

o 

. ." 

14 

la~ge componen-t of this perpendicular force will propel the 
" 1 

skater in the desir~d direction of 'motion. This angle 'of 

propulsion (the angle of rotation of the skate blade relative to 

the direction of motion) was found by Marino (1983) to have a 

mean value of 40,5 degrees for a group of 69 skaters of various 

ability levels over the first three strides of a maximal 

acceleratio~task. An overhead camera 
\ 

was used to obta î'n the 

data. This value implies that the impulse given to the skater 

in ~he lateral direction was greater than that in the forward 

direction (by a factor 'of l/tan 40,5 i see Fig. 1). Thi s is 

contrary ,to the visual impression noted by Marino that the, legs 

tended to extend st~aight back from the hip during the first 

Several str'ide,s. Larivi ere4f.(1968) used a technique. of painting 

the ice imprint left by the skater to determine the angle of 

propu'1sion for a heterogeneous group of 18 hockey players. He 

found the mean angles of propulsion for the start and the first 

three strides to be "68 0
, 59° , 1 44, 5 ° , and 34,8° . 

Roy (1978) used a force plate embedded in a 
\ 

synthetic ( 

8 highly skating surface to measure force production from 

skilled hockey p~ayers performing three types of starts. 

Measuréments were also taken for a regular stride. 
" J 

A de fin f\ i on 

or description of the te~ 'regular stride' was not given. Mean 

forward impulse decreased from 170 N-s (front start) to 88 N-s 

on the second step, while lateral impulse increased from 33 N-s 

to 50 N-s. For a regular stride, the forward impulse was 69 N-s 

and the lateral impulse was 56" N-S~ These numbers imply a 
\ 

decreasing angle of propulsion as ,the skater accelerated (tan 

1 , ( , 

r • ~ 

" ' 1 J 
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decreased - see Fig. 1), combined with a , decreasing, 

magni t"ude of force application as velocity increased. What i s' 

part icular ly interest i ng about these nurnb'ers i s t ha t the f"orwa rd 

impulse is consistently larger than the lateral impulse, __ 

implying that the greater pàrt of the skater's propulsion occurs 

when the angle of 'propulsion is considerably larger than 

expected (greater than 45°). 

Inspection of a forc~vs time graph for the regu~ar stride 

presented in the Roy (1978) study is illuminating. This graph 

is reproduced in Fig. 2. t\ The ratio of forward: lateral force 

remains less than l for more than two thirds of th~ total 

propulsion time (indicating an angle of 6r'~pulsion less than 45 

degr-ees during this portion), yet it increases steadily. Dui'ing 
r 

the last quarter of the propulsion phase the ratio suddenly 

increases ta as high as l, 5 and ;rema ins high a~ lateral force 

'drops off and forward ' force increases •. These results may be 

interpreted as depict i,n,9 a graduaI and then . sudden increase in 

the angle of propulsion. The sudden increase could . very weIl 
,\ 

~orrespond with the time when the skater's center of pressure 

qgainst the ice moves forward ta the anterior end of the skate 

blade. With less blade surface on the ice, the skater is able 

to pivot on the skate blade through further Iateral rotation at 

the hip, increasing the angle of propulsion during the final 

moments of ice contact as the skater digs the toe of the blade 

into the ice and pushes back. The implications of thi s 

b,y p ,( Î , 
cons ider,able. L-The 

1 
da ta presen ted 

o 

Roy phenomenon are 

demonstrate that over 1/2 of the forward impulse takes place 
, 1 

J_-----
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during the final quarter of propulsion, during which the- angle 

of propulsion increases significantly. This corresponds to the 
ft' 

time that 'toe push' or 'heel snap' (plan tar ,f lex ion) would take 
\ ..... , 

. place, as expounaed by skating coaches (Wi'ttd, 1971; Hockey 
\ 

Canada(. 1975; Marcotte, 1978; Stamm et al, 198~). 

The reason there is a large horizontal impulse from thi 5 

portion of' the skating stride is that the center of mass is well 

ahead of the point of force application on the i'ce, creating a 
\. 

",good angle for horizontal propulsion. An easily measured . 
var iable which is reflective of this angle at the end of double 

, 
support is 'angle of takeoff', being the measurement of the 

angle above the horizontal of a line joining the S'Kate tip to 

the ~ip at toe off. Multiple re?,,ression models of skating 
~ 

aece lera t i on have shown tha t the angl e of ta keof fis a key 

"" element contributing to performance (Marino & Dillman, 1978; 

Ma r i no, 198 3 ; Gre e r & DilI ma n, 19 B 4 ) . In other words, these 

studies impl.y that one of the primary skills that differentiates 

an elite skater from a good skater is the former's ability to 
. 

position his center of mass further ahead of his propulsi've 

skate during the last moments of double support· 50 that this 

'toe push' drives him forward rather than vertiaally. This 

results in a more effecztive application of force for hor:izontal 

• aeceleration. 

It would appear from the above researeh that the very last 

portion of contact is an important time for force ~pplication 

because a) the center of rnass 15 optirnally placed for horizontal 

propulsion, and b} the angle of propulsion is greater. Plantar 

1 • , 

p , 
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flexion could be a~~important source of impulse at this time, 

particularly if skating velocity is not ~high. However, the 

design of the skate boot used in hockey may restrict plantar 

flexion. If 50, then the limitation of this motion would result 

in a decreased production of horizontal impulse. 

Moré dynamic data of the type found in the~ gait literatu~e 

is needed, however the nature of the sport and the surface on 

which it is played make the determination of -ground r~action 

forces difficult "te obtain; Lamontagne, Gagnon, and Doré (1983) 
- , 

and Gagnon, Doré, and.Lamontagne (1983~ utilized strain gauge~ 

4rixed to the frame of the skat2 blade to measure forces in 

combination with a thr~ d'i,mensionai cinematographical analysis 

for the determination of skate angles. They analyzed the 

two-legged stop in hockey and obtaèned what t~ey termed good 

results. Their research technique has yet to be corroborated. 

In addition, there h~s bee~- no recently published research 

employing the experimental technique of Roy ( 1978) ci ted 

earlier, who embedded a force platform into a synthetic ice 

surface, ApparentIy, the technical difficulties associated with 

obtaining good data using these procedûres ar~ greater than what 

one would e~pect based upon the publi~hed literature. 
, 

Ankle pronation plays a very different role in skating as 

QPposed to running. The skate blade offers a very narrow.base 

of support Ioca ted appro1ximate.ly 15 to 20 cm distal to the 

subtalar joint, resulting in a large mechanical advantage for 

'iota t ion around the subtalar joint in the frontal plane. 

Extensive pronat ion can easily result upon weignt bearing 

\ 
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combined with the force~ of leg extension. This has been said 

to pause improper alignment Df the low~r 1imb segmen~s in the 

frontal plane, resulting in i nstabil i ty , 10ss o~ force 

l?roduction, and poor b1ade edge control (Hunter et al, 1981; -

Gazdig, 1983). This is thought to be a particularly serious 

problem with many young, beginning skaters. Skate manufaGturers 

have responded to this situation by producing skates with a 

great dea1 of ankle support in an attempt to control eversion of 

the foot. As the skater matures, the prob1em becomes much less ~ 

serious. Soft tissue maturation on the latera1 side of the 

foot, development of the sustentacu1um tali and navicular on the 

medial side, inversi,on of the functional position pf the heel 

with ske1etal matur}ty, decreased 1igamentous 1axity, and 

increased muscular deve10pment and .. central nervou~ system 

maturity are aIl physical growth factors which decrease the 

tendency of the ank1e to evert due to torque about the skate 

b1ade (Hunter et al, 1981). A s are 5 u 1 t , ma tu r e , ski Il e d 

p1ayers require less ankle support provided by the skate. 

High speed film of advanced abi1ity university-aged skaters 

taken with a camera placed directly posterior to the direction 

of the skate blade during the fourth stride of an acceleration 
.... 

from a stop revealed that significant pronation (of. the order of 

10 0 -but highly variable) was 'taking place during propulsion 

(Hoshizaki, 1985). The anatomical compepsation of the skate (a 

high quality model) may have been insufficient even for advanced, 

skaters. Another possibi1ity is that the p~onation which did 

exist was an integral part of the skater's kinematic pattern. 
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Controlled pronation may be desirable for two reasons. 

First of aIl, it increases the b1ade angle (the t i 1 t of the 

skate blade from the vertical), and this rnay be necessary to 

give the skate sufficient 'bite' into the ice earl~ in 

propulsion when there is not a great. deal of horizontal 

. \ ' 
dlsplacement between the skater' s center of mass and the skate. 

Seeondly, ankle movement in the frontal plane may be a SOurce of 

impulse for the skater. The blade to ankle (liistance provides a 

lever arm in the frontal plane analogous to the lever arm 

provided by the toe te ankle distance in the sagittal plane. 

The,return te anatomieal position from a state of pronation late 

in the propulsive phase would provide force at a time when the . ' 
center of mass is in a favourable position for the ~pplication 

.' of forward horizon tal impulse. If thi sis the case, then the 

purpose of pronation would be to inc'rease the range of motion 

for this supination action, as weIl as to store energy in the 

musculature and ligaments for recovery late in the propulsive 

phase. The skates presently employed by el i te hockey players 

may hi nder thi 5 act ion' as a resul t of the ankle support 

provided. To date there is no research ref:orded in the 

literàture studying the e!~ects of pronation in skating. 

In summa ry, a great deal of con fusion ex i!?t s rega rdi n9 the 

role of the ankle in skat ing. Coaches generally inslst that 

full extension of the joints of the lower limb, including a 

flnal push'at the ankle, lS an important criterion for effective 

skating, yet skates are designed with ankle protection and ankle 

support, systems which limit the range of Dlotion. Studies of the 

.... 



o 

·' 

22 
) 

kinematics of skat-i-Rfj, sprinting, and cross country skiing have 

supported the (ogieal expeçtation that greater '~nge of motion 

of low~r limb joints is associated with gre/ter velocities, 
'\ , 

although the increases in range of mot ion resulfed primarily 

.f rom grea ter f Iex ion rather than extensi on (Page, 1975; Gagnon, 

1980; Mann \ 
& "Hagy, 1980; McCaw, 1984) • Ankle p1antar f lexi()n 

has been shown to be an important source of energy and impulse 

in gait, pa r tic u 1 a r 1 y s p r i nt i n g , w i t h ev idence presented 
r 

indicating that it rnay contribute significantly to forwatd 

impulse in skating (Roy, 1978; Mann & Sprague, 1980; Mann, 1981; 

Winter, 1983) , However, sorne questionab1e data has becn 

obta i ned i ndieat i ng tha t plantar f lex ion occur s on ly to a very 

sma Il extent in ska t i ng, and tha t advanced leve l s ka ters 

actually undergo less plan tar f lex i C2.D.- than nov i ce 5 ka ters 

. (McCaw, 1984), It has been argued that plantar flexion is 

detrimental to performance at very high speeds (van Ingen 

Schenau & Bakker, 1980), Regarding frontal plane motion, 

pronation genera11y connotes poor performance (Hunter et al, 

1981) 1 hence the development of anl5le support systems in skates 

to 1 imi t evers ion. However, resea rch has demon s t ra ted tha t even 

advanced level skaters wear ing high quali ty skates undergo 

pronati.on in the order of 10 0 (Hoshizak'i, 1985). 

In light of this confusion, and considering that the 
\'" 

equipment used has a di rect bearing on the phenomena reported, a 

study which seeks to quantify the kinematic pattern at the 

ankle, as weIl as to d6cument the effect of skate boot support 

on this pattern, seems warranted. 

( 
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CHAPTER r 1-1' 

ç • 

METHODOLOGY 

This chapter contains the following headings: 1) Subjects, o . . 
2) Cinema tographical Procedures, 3) Cond-i t ions, ~) .Testing 

Procedures, and 5) Tre,atrnent of Data. The methodology utilized 

in th~s study was accepted by an Ethical Review Commi ttee of the 

McGi Il Un i versi ty Facul ty of Gradua te St udies and Research. 
,/ 

3.1 Subjects 

A group of seven junior and colleg~ level hockey players 

between the ages of 18 and 25 vol unteered to part ic ipate in a ~ 

study of advanced level skating performance sponsored by 

Warrington Inc. The two players who received the best Scores in 

forward skating acce1eration performance were chosén as subjects 

for this study. These subjects were both high1y skilled and 

experienced, ensuring that a mature skating technique would be 

examined. General information regarding the two subjects is 

presented in Table 1. A consent form (Appendix A) was re~d and 

signed by both subjects, acknowledging that the testing 

procedures and the subjects' options had been fully explained to 

them and were understooa. 

-

, . 
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3.2 

SUbject Age 

, 
~ 

1 19 

2 22 

TABLE 1 
) 

SUbject Description 
~ 

Height Mass Skate Size 
(cm) ( kg) 

175 10,5 7 1/2 reg 

168 62,7 7 1/2 reg 

Cinematographical Procedures 

, 24 

Posi ti on Level of '" 
Pli'y 

f orward junior major 

f orward junior 

The experimenta1 setup is illustrated in Fig. 3. Two 16 mm . 
Red Lake Locarn cameras operating at ,100 ft/s filmed the subjects 

f rom orthogonal ax i s planes. Prêlimi nary testi ng established 

wbere and at what angle each subject placed his skate on the 

fourth stride. The sta rt ing pos i t ion of each ska ter was 

, adjusted 50 that they would both set their right skate down at 

the sa me point on the ice for the fourtl1 contqct period..- The 

angle of propulsion was measured" to be close to 32° for both 

skaters. Camera if was located -directly behind and in line with 

the skate blade in this position; camera #2 was aligned 

perpendicular to the ska te blade and 51 ightly anferior to the 

touchdown point 50 that 
1-

the skater moved, across the field of 

view during the stride. Camera #1 recorded prona~ion 
, 

and was 

located so tha t the complete lo'wer limb was in the field of vi ew 

throughout contact; camera #2 recorded plantar and dorsal 

fl,exion at the- ankle and was located 50 that the whole body was 

in the field of view throughout contact. 
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The distance between the film and the point at the center 

of th( action was 9,?0 m ;or c~mera' #1 and 13,(15 m for camera 

#2.-, The ground to lens heights were 7~, 5 cm 'and 78 {,5 cm 

respecti vely. In aIl trials, the subjects' motion dur i ng the 

fourth con tact period remained within the fi~lds of view of the 

A ref~re~ce grid <".> digitized both ends 
.J 

of th~ cameras. was at . ~- . 
fie,ld of view in which analysis was to be done in order to 

confirm that lens distortion and parallax were not measurable 

error factors,. Intrasubject variation in location and angle of 

the f ourth ice c on tac t resul ted in less than one hal f deg r-ee of 

joint angular measurement er ror . 

. Three 1000 W Iight banks were arranged arÇ>und the per iphery 

of the filming area, and a' light meter was used to detèrmine the' 

appropriate f-stop. Exposur~e time was 
1 

1/250 s, n'ecessitating a 

shut ter open ing of Il: 5 degrees. A coordinate reference grid was 

fi Imed in the field of v iew of each came ra in order 'to 
tï' 

facilitate the transformation of digitized data into real data. 

An internaI timing li ght generator produced whi te dots on the 

border of the film repre~entating l.Q.OO 5 intervals, allowing 

for the determination of actual film speed. 

Subjects were filmed in shorts, and did -not carry a hockey 

The following anatomical landmarks were highlighted 'on 
\ 

• eac-h subject to allow for consistent digitization of film data: 

lateral border of the fi f th n,etata r sal-phalangeal jo i n't, la terai 

heelJ lateral malleolus, lateral border of the femur-tibia 

joint, and greater' trochanter. For ,the posterior, ~iew, a thick 

black line was drawn on ~he skin"", of the subject from the middle 

,l, 
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of the knee to the top of the sk~te deI i nèat i ng the leg segment. 

A 1 ille was drawn on the skate along the vertical axis of The 

skate blàde alîgning with t'he above line at 180 degrees when the . -
subject was standing_ The locat ions of the talus-calcaneous 

joint and the center of the back of the knee were marked along 

these lines. The purpose of th~ lines was to aid in the 

location of the joints when the actual markers were blocked from 

sight by the subject t s left skate_ A marker was also placed at 

the middle of the posterior thigh, just distal, to the gl~uteal 

crease. Steps were taken to eliminate systematic error 

resu.lting from slight differences of marker location on the 

skates. 

Numbers identifying the subject, condition, and trial were 
",'1 " 

ln the field of view of eac,h camera _ 1 Came,ras were started about 

" 

- -
o~e second before flie subject moved in, orde~ to assure tha t they 

were up to,' speed when, he entered the field of view. 
, 1 

3.3 Condi t ions 
:' 

• 1 1 
Two patrs of skates served as~ theu indepe.ndant variable fqr 

II 

this experi~ent: the Micron ·~edalic, a molded . plasticl ska~e of 

high quaI i ty, and a test skate provided by the Micron 

manufac't,urers. This t~~t skate was identical to the Medalic in 
, , 

l " 
every respect excèpt that i t gave no support above th~ talus .• 

1 1 

Both skates were pr_of_~ssionalîy fitted and were 
1 

broken in with 
,. 

more than seven hours of skating, and both we're subjec,t to 
l" 

" ident ical sharpen ing procedures imme~~ately be fore testing. 
1 r,1 1 I, 

Conditions rwill' be referred to às 'test skate' and 
JI " 

1 l, 

,l, , 

, ' l' 

'" 
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'Medal ic' ~n the remainder of thi s paper. , . 

Testing Procedurps 
, ' , 

Subjects used a fr-ont standing 
, l ' 

start from'a startlng point 

slightly in front of the goal crease. They were told to skate 

as quickly as possible past the center ice line; where 4 timers 

"! i th stopwatches were located. The distance was 24,4 m. , They 
\ 

were ;informed of their t imes, as weIl as the times of the other 
"/ \ ' 

subject, after each trial., The skaters underwent at least 10 

timed practice trials for each condition during the week prior 

'to testing. ' " , 

Ss were in the fields, of view of the, caJ;lleras during the 
.... 1) ! 

fourth stride .. ' This stride was chosen for' analysis for the 
1 

followi ng reasons: a) /l'pe subject is undergoing high 

-accelera t ion throughout thi s st r i Çle (Marino, i979) and therefore 
- , 

~arge reactive forces are continuously acting on the skate. b) 

Tne velodhies involved at this point (M,arino, 1979) a,re very 

typical of velocities occurring d~ring actual hoc Key ga'me s 
1 

(Dillman e,t al, 1984), therefore maximizing the spe~ificity of 

the test. c) position of TD is consistent ai: this point. , This, 
Q , 

combined with the relatively small velocities involved, a'llowed 

the cameras to be placed much closer to the' évent than would be 
, J <# 1 

possible at hlgher velocities to assure capture of the complete 

stride on fil,m. ',' 

Subj ects wor~ one pa i r of s,kates for the f irst 5 trials, 

the second pair for the'rrtext 10 trials, and 'the first pair again, 

~or the last 5 trials. The order of skàte testing W8~ different 
l, 

) , 

, l " 

"1 ! , 
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for each subject. An appropriate warmup and stretching period 

was provided before the first trial, with a minimum of 3 minutes 

of rest and eJsy sk~ng allowed between trials. 

The subjects appeared 
i>' 

to be highly motivated and 
1 

competitive during the experiment. A great deal of attention , 
was paid to their own and each other's times. Both subjects 

said that fatigue was not a factor and that they were weIl 

rested for aIl trials • .... 

Deterioratfon of the ice surface occurred over the course 

of the experiment, although the subjects indicated that it was 

not enough to affect performance. Repa i r of the deeper cuts Jn 
, \, 

the ice was accomplished during the time that the subjects wére 
, 

changing skates. 

"'. 
3.5 Treatment of Data 

Each film frame of the trial, beginning 9 frames bèfore TD 

until 9 frames after TO, was displayed on a Summagraphics 

digitizin9 board. The digitizer was connécted on-line to the 

McGill mainframe computer, and x,y locations of the anatomical 

landmarks were recorded in a MUSIC (McGill University System for 

Interactive Computing) libra~y file. A WATFIV program adjusted 

each frame to a'common K,y origin, thereby compensating for any 

movement of the projected image as the film advanced.' The data 

were then fed as input into the McGill Biomechanics Laboratory ' s 

kinematic analysis programs -which determined the joint ~ngles 

involved. Filtering was done with a low-pass, recursive digital 

filter- -with .a cutoff frequency of 9,0 hz for t~e lateral view 
, 

\ 
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and 12,,1 hz for the posterior view (Winte~, 

30, 

1919; Wood, 1982). 

Instântaneous velocities were determined using the technique of 

finite differences. 

3.5.1 Statistical Analysis. The research design was a 

repeated measures multivariate design with' one factor andotwo 

. levéls. Analysis was replicated independently for each of the , - ; 

two subjects, i.e. the experiment was done twice. 
. , 

The scores from the ~rials for one condition' serve as a 

sample of the "population of scores" for that condition and that 

particular subject. Similarly, the scores for the other 

condition serve as a sample of scores from the "population of 

scores" for the èecond condition and the same subject. The 

statistical test determined the likelihood that the ,2,samples 

came from populations with the, same means.' Student's t-test was 

used to detect statistical sig~ificanc~ at the 0;05 alpha level. 

( 
1 , 
\ 

i 
·1 

.' 
1 
1 

, 1 .. 
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CHAPTER IV 

RESULTS 

The :purpose of this \study was to document th~ kinematic 
. • 

patterns of the ankle joint during the fourth contact period of 
o 

a maximal intensity forward acceleration task, and to-assess the 

effect on this pattern of removing the ankle support normally 

provided by hockey skqtes. Results are presented rn this 

chapter under the following headings: spa t ial temporë;l1 

characteristics, sagi ttal plane kinematics, frontal plane . 
kinematics, and other observations. 

4.1 Spatial-Temporal Characteristics 
, 

A nurnber of space-time variables were measured in order to 

delimit various 
.ç. '--' 

phases of the fourth stride and to al10w 

'comparisons to be made with other studies. These variables are­

. surnmarized in Table 2. 
\ 

Contact tirne (tirne of ice ~ontact of right skate) lasted 

for just over one quarter of a second, with abopt 2cr% of this 

time spent in the heel-off to toe-of f (HO-TO) phase. 

'Di f ferences, between ,condi t ions (skates) were not s ign i f icant, 

a1-t;-hollgh-t--he-r-e ~was a tendency to slightly larger HO-TO times 

with the test skate. Stride time (right skate touchdown to left 

skate touchdown) was a~out one quarter of a second, with double 

support time (time from right touchdown until left toe-off) 
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TABLE 2 

Spatial-Temporal Characteristics of the 4th Stride 
(times given in 1/100 5) 

VARIABLE 

Contact Time 

) 

SUBJECT SKATE 

1 test 

2 

Medalic 

test 
Medal ic 

- MEAN 

26,0 
28,0 

28,4 
27,~ 

STD DEV 

2,6 
1,7 

1,2 
, 1,9 

-----------------------------------------------------------------
HO .. TO Time 1 

2 

Double Support . 1 
Time 

2 

Stride Length 1 

2 

tes"'" 
Medalic 

test 
Medalic 

test 
Medalic 

test 
Meda1 ie 

test 
Meda1 ic 

test 
Medalic 

4,9 
4,6 

6,0 
5,3 

1,5 
1,9 

1,7 
0,8 

1,38 m 
1,55 m 

l,55 m 
1,56 m 

0,99 
0,84 " 

~,05 
0,68 

1,27 
1,37 

0,48 
0,92 

\ 

0,13 
0~07- -* 

0,09 
0,11 

-------~---------------------------------------------- -----------

\ide 'rime l test ' 24,2 2,2 
Méda1ic 25,3 0,9 

2 test 25,8 0,6 
Medal ic 25,2 Jl,l . -----------------------------------------------------------------

SLIST l test 5,73 mis 0,42 
Medalic 6,13 mis 0,33 * 

2 test 6,00 mis 0'1 Medalic 6,20 mis 0, 
-----------------------------------------------------------------

Performance l test 3,36 s 0,10 
Time Medalic 3,34 5 0,05 

2 test 3,50 5 0,06 
M$da}ic 3,49 s 0,05 

* P < .05 
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being less than O,Û2 s, Some trials were characterized by a 

very short flight phase. 

Stride length (measured from right touchdown to left 

touchdown) was l,55 m, resulting in an average velocity 

(determined by SL/ST) of just over 6 mis. Subject 1 had a 

sQorter stride length with the test skate and a correspondlngly 

slower velocity with this condition. 

Performance time refers to the time for the skater to 

complete the acceleration task, that is, the time from the fi,st 

overt rnovement until the ~ater crossed center ice (a distatce 

of 24,4 m). Differences between conditions (skates) were not 

significant ~r either subject. 

~ 

4.2 Sagittal Plane Kinernatics r'l 
--:) 

Although skating coaches generally argue that aQ. powerfu1 

extension at the ankle is an i~ortant action in effective 

skating (Wild, 1971; Hockey Canada, 1975; Marcotte, 1978; Stamm 

èttal, 1982), the existance of this action has been brought into 

question (van Ingen Schenau & Bakket, 1980;' McCaw, 1984). If 

impulse lS provided to the skater by ankle plantar flexion, then 

it is likely that the hockey skate boot hinders the transmission 

of thi.s impulse. 

This section describes the kinematic p~tbern of dorsal and 

plantar flexion during the fourth contact period of a maximal 
l' . 

intensity acceleration, and compares the results obtained with a 

convrntional skate (the Medalic) with those obtained with a test 
r 

skate, identical to the Medalic except that no support was given 
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to'the ankle above the talus. The ankle angle was measured as 

the a~gle formed by mdrkers on the skate corresponding to the 

lateral border of the' fifth metatarsal-phalangeal joint and the 

lateral malleolus, and a marker 'on the knee of the subject 

indicating the lateral border of the femur-tibia jo~nt. The 

angle so formed measures 115 0 to 120 0 when the subject is 

standing in skates. 

4.2.1 Conventiona1 Skate Kinematic Pattern 

A graph of the ankle angle as a function of normalized 

contact time for a representative,trial is presented in Fig. 4. 

The-pattern is a typical one; and it wàS generated consistently 

by both subjects. The skater made ice contact in q state of 

dorsiflexion, and the degree of dorsiflexion increased st~adily 

(decreasing angle) by about 10° over the first 60% of contact 

time. At this point a sudden increase of about 4 or 5° of 

dorsal flexion occurred over about 10% of contact time, followed 

by rapid p~antar flexion' for the remainder of the contact , 

periode The angles at takeoff (TO) for almost aIl of the trials 

for one subject and many of the trials for the other subject r 

v were 1ess than the ankle angle formed when the subject wàs 

standing in skates. The time of maximal dorsiflexion was 

genera11y found to be between 65% and 80% of contact time, and 

occurred just prior to the visible lifting of the poste r ior end 

of the skate blade off the lce (hee1 off, HO). 

The ank1e angle data is summarized in Table 3. Mean 
, 

minimum and maximum angles 'were 81,6 0 and 107,7 0 for subject l, 

gi v î ng a range 'of mot ion of 26,1 0
• Correspondi n9 numbers for 

, \ 
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TABLE 3 

Dorsal-Plantar Flexion Statistical Summary 
(angles measured in degrees, velocity in radis) 

Variable 

Minimum Ankle Angle 
(Maximum Dorsi'f lexion) 

Subject 

1 
2 

" 

Mean 

81,6 
85,1 

Std Dev 

2,6 
4,4 

36 

________________________________________ ~---~--k------____ ~------

Ankle Angle 
at TO 

Range of 
Motion 

Maximum Angular 
Velocity 

l 
2 

1 
2 

1 
2 

107;7 
115,5 

26,1 
30,4 

9,8 
Il,0 

-.. 
.r 

5,5 
4,4 

5,2 
6,2 

2,1 
2,1 
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subject 2 were 85,1 0 and 115,5°, giving a range of motion of 

Maximum angular velocities reached during the HO-TO 

portion of contact were 9,8 rad/s and Il,0 rad/s. 

4.2.2 Comparison of Conditions 

Figure 5 super imposes the graph of anklè angle in the 

sagittal plane for a representative trial with the test skate 
'\ 

upon the graph shown ln Fig. 4 for a typical, trial with the 

conventional skate. Both skate conditions resulted in a similar 

pattern of generally increasing dorsal flexion for about the 

1 first 60% of contact, followed by a sharp decrease in angle and . 
then rapid plantar flexion. The most . distinguishing 

characteristic between the conditions was the steepness of the 

curve (indicating higher velocity) in theHO-TO region for the 

test skate. 

Hypotheses land 2 concerned statistical differences 

between conditions for maximum dorsiflexion and maximum plantar 

flexion during contact, and hypothesis 3 was established in. 

order to compare conditions for maximal angular velocity. 

Analysis of these hypotheses, along with range of motion data, 

is presented in Table 4. 

The data demonstrate that plantar flexion values at TO were 

larger for the test skate condition than for the conventional 

sKate. Differences were statistically significant at the ,O}­

alpha level for subject 1. The mean plantar flexion angles were 

close to 119 0 for both subjects wearing the test skate. 

Dorsiflexion values were not different between conditions for 

subject 2, but subject l underwent significantly less 
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TRIANGLE - TEST SKATE, 51, TRIAL 5 
SQUARE - HEDALIC. 51. TRIAL 2 

.'t. 
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7B-~~~~~~~~~~~~~~~~~~~~~~~~~ 
a la 20 30 50 60 - .70 BO 90 
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FIGURE 5. Compar1son of dorsal - plantar flexion displacement 
curves for conventiona1 skate and 'test skate. 
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TABLE 4 

Dorsal-Plantar Flexion: Comparison of Conditions 
(angles measured in degrees; velocity in rad/s) 

Variable Subject "Skate 'Mean Std Dev T 

Minimum Ankle 1 test 85,5 4,4 

., 

39 

Alpha 

Angle Medalic 81,6 C 2,6 '2,40 ,027. *, 

(Maximum dorsi- 2 test 84,0 .2,9 V 
--_:::~~~~~-------------~:~~:~:_--~:~:_---~~---=~~~~/~~~~~'--

,,~/ 
Ankle Angle 

at TO 
1 

2 

test 118,8 
Medalic 107,7 

test 119,6 
Medalic 115,5 

4,4 
5,5 

6,5 
4,4 

4,99 

1,64 

,000 * 

,119. -
---------------------~--------------~---------------------~------

Range of 
Motion 

1 

" ~ 

test 
Medalic 

33,3 
26,1 

3,7 
5,2 3,40 ,003 * 

\ 

\ 2 test 35,6 6,8 0 , 

~~:::::::----:----~~:~:::_--::~:----:~:---_:~~:_---~:~~~~--
Velocity Medalic 9.,8 2,1 2,87 ,,010 '* 

2 

* p <: ,05 

test 
Medalic 

12,3 
11,0 

2,6 
2,1 1,23 ,235 
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dorsiflexion in the 

unexpected r~sult. ~ 

test skate Icondition. 
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This vas an 

, Greater 'plantaI' flexion maximal velocities occurr'ed with 
~ ~ 
the test skate than with the conventionaL skate. Differences 

were statistically significant at the ,01 alpha level for 

sUbject 1. Both subjects reacheg mean maximal' velocities of 

more than 12 "rad/s. The greater - yelocities corresponded to 

larger angular displac~men~s during the ijO-TC phase, ~ithout an 

"increase in time for this phase.' The ankle range,of moti·on 
" 

'increased by 7,2 0 for subject 1 and 5,2 0 fpr sub:ject 2 when the 

test skate was used. This increase~ was statistically 

s~gnificant at the ,01 alpha level for subject 1. 

4.3 Frontal Plane Kinematics , 

Ankle suppo~t systems in skates have been designed,to limit 

pronation, which has generally been consideretl a fault in 
-, 

, 1 

skating (Htlnter et al., 1981; Gazdig, f983),. However 1 even_ 

• advanced 1evel s~aters wearing high quality skates undergo sorne . ....-

pronation (Hoshizaki, 1985). It is possible that ankle action 

in the frontal plane may assist in s~tting the blade into the 

ice and in pt;'oviding forward impulse,;, t)ut this aspect of' skating 

has not been studied. 

This section desc~ibes the.~inematic pattern 1 " of pron.atl~n 

~and supinati~n during the fourth contact period of a maximal 

intensity forward acceleration task, and compares the results 
/ 

obtained wlth a conventional skate (the Medalic) and ,thoBe 

9btai~ a t~st skate, ide~tical to the Medalic except that ' 

.~ 
'>~ ) 

t 

\ 
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n~ ankl~ support was provided. The ankle angle was meaeured as 
., , 

the a~gle between the posterior midline of the leg and a line on 

the boot in the same plane as the skate blade, measured 

laterally. A mark on the skate at the level of the talus served 

as'the vertex for the angle. The ankle angle measured 180° when 

the subject· was standing .. necreasing angles correspond to 

pronation; increasing angles correspond to supination. 
t't 

4.3.1 Conventional Skate Kinematic Pattern 

Considerable· intertrial '{ariation was _ apparent in the 

pronation-supination' patterns 
• • .. . 

exhlblted by the subjects. 

However, certain general characteristics were consistent and are 

represented in Fig. 6, which disp1ays a graph of the mean values 

of frontal plane ankle angle for one of the subiects. Similar 

" 

kinematic characteristics were observed with the other subject. 

Generally, the skater would contact the ice in a position or 

very slight pronation, and pronation would increase steadily by 

about 8 to 10° during the first 50% 'of ,contact time. After ') 

this, the pronation angle remained fa~rly constant until the 

time of heel-off (HO), with the heel-off to toe-off (HO-TO) 

phase characterized by rapid supination. 

-Frontal plane ankle angle data is ~ummarized in Table 5. 

The minimum angles (maximum pronation) reached by the two ., 
.',~ubjects were 166,9° and 171,6° while both subjects. had mean 

1 

angles at TO very close. to the neutral posi t ion of 180°:- The 

ranges of motion were 13,2° for subject 1 and 8,2 0 for subject. 

2.' Maximum supination velocities during the HO-TO phase were 

5,9 radIs for subject 1 and 4,8 rad/s for subject 2. 

/ 
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TABLE 5 

Pronation-Supination Statistical Summary 
(angles measured in degrees, velocities in ,~ad/s) 

variable 

Minimum Ankle Angle 
(Maximum Pronat ion) 

Subject 

1 
2 

166,9 
~71,6 

, / 

Std Dev 

2,3 
3,4 

43 

" , 

" 
-----------------------------------------~------------ ----------

Ankle Angle 
at TO 

1 
2 

180,1 
179,8 , 

4,6 
,4,1 

----------~-----------------------~------------------------------, , 

Range of 1 13,2 5,1 
Motion 2 8',2 3,9 

- ("". 
------~------------------------~---------------------------------

, . 

, . 
Maximum Angular 

Velocity, : 
1 
2 

If 

5,9 
4,8 

1,9 
2,6 

( 

, 



o· 

o 

o 

.. 

4.3.2 Comparison of Conditions 

Figure 7 compar,es mean values of pronation as a function of 

normalized contact time for the two conditions for one of the 

subjects. The removal of ankle support did not result in any 

noteworthy differences in the pronation pattern until the time 

of ~eel off, except that the degree of pronation reached was 

greater in the test 5 ka t'e condi t ion. The test ska't e cond i t ion À 

resulted in greater supinatiqfl at toe-off as weIl. Figure 7 

shows that a~gular velocities reached were greater in the HO-TO 
1 

phase of contact as the ankle in the test skate condi tion 

underwent larger displacement during a similar time periode 

Hypotheses 4 and 5 were des,igne'd to compare the degrees of 

maximum pronation and the maximum ,supination velocities'.reached 

under each condition. The evaluation of thes~ hypothe~es, ,alQng .. 
w i th other f ron ta l plane angle da ta, ~ s presen ted ïn Table 6. 

( Both subj'ects demonst ra ted grea te r pronation wi th the test 

\ 

-' 

skate, al though for subject l the di f ference was only l,5°, not 

statistically sig,:ificant. Subject 2 unde«rwe.nt 3,8 0 morê 
" -, 
pr'ona t i on, which was significant at ' the ,05 alpha level. 

)' 

Supination velocities were gre~ ter with the test s ka te, '. 
increasing from 5,9 to' 8,1 radis ,for subject land from 4,8 to 

8,6 radis for sUbJect 2. Ditferences were stat~stical1y 

significant at the ,OS alph~ level for subject 2. Supina t ion 
t 

angles at TO increased by about, '3 D for bo't'p subjects, 50 'that 

the range of motion increa5ed from l'3,2~ to 17,9° for 5..\!lbject 1 

~/' , and from 8,2 0 to 14,~0 for subject 2. ~ 

, b 

. , ) 
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TABLE 6 

Pronati,on-Supi.nation:' Comparison of Conditions 
(angles measured in degrees; velocity, in rad/s) 

variable Subject Skate 

Minimum' Ank1e 1 test 
Angle Medalic 

(Maximum 2 test 
Pronation) Medalic 

Mean' Std Dev 

165,4 
166,9 

167,8, 
171,6 

, 

3,3 
2,3 

3,0 
3,4 

T 

-l,Il 

-2,70 

46 

Alpha 

,280 

,015 * 
-----------------------------------------~----~------------------.. 

Ank1e Angle 1 ' test 183,3 6,4 
at TO Medalic 180,1 4,7 1,33 ,200 

\ 

~ test IB2,6 3,3 
'Medalic 179,8 4,1 1,73 ,100 

Range of 1 test 17,9' 8,3 
Motion Medalic 13,2 5,4 l,51 ,148 

"'- .. ~ 
2 test 14,8 5,3 

Médalic 8,2 4,1 3,16 ,005 * " -----------------------------------------------------------------

Maximum 1, test 8,14 3,80 
"Allgular Medalic 5,89 1,90 1,67 ,112 
Velocity-

2 test B,57 4,14 , 
Medalic 4,80 2,55 2,46 ,024 * 

* P < ',05 
/" 

" 

-, 

1 J. 
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4.4 Other Observations 

-1 n the, course of ana1ys1s, certain observations were made 

which were deemed relevant .to the interpreta~~on of the data, \ 

and therefore are presented here. 

4 • 4 • 1 Min i ID um S kat e Ve loc i t Y 

It was observed that the speed of glide of the skate 

decreased to a much smaller value' than would be expected 

considering the low coefficient of dyna,m~c frict~on involved i 

part icularly duri n9 the HO-TO portion of contact. This 

corresponds to' the portion of the stride when coaches emphasize 

a push of the toe against the ice, and the time of a sharp1y 

increasj,ng forward to lateral force ratio (Roy, 1978), 

Furthermore, the minimum velocity re'ached ln the test skate 

condit ion tended to be considerably , less thanthat reached wi th 

the conventional skate. Fig.8 presents skate velocity over the 

last third of contact time for a representative trial in each 

condition. The velocity was that of the marker placed on the 
, 

. skate latera1ly to the fifth metatarsa1 phalangeal joint, 

result i ng in a certa in amount of addi tional veloc i ty 

incor)orah~d into that of the skate near the end of conta~t as 

d', the mar ker rotated over the anterior end of the blade. However, 

even with that complication, it is clear ~hat the minimum 

velocity of the test skate was less than that of the 

conv.entional skate. 

The minimum velocity of the toe marker was -determined for 

each of the trials an~ the statistical summary is presented in 
/' 

Table 7. The mean minimum veloc i ties reached by the test skate 
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TRIANGLE - TEST SKATE, S2, TRIAL 4 
~QUARE - HEDALle, S2, TRIAL 2 

Tl HE (SECONDS/l OOJ,,-....f -
l' 

) 

G 

FIGURE 8. Linear skate velocity near end of contact: 
comparison of conditions. .. 

" 
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and by the conventio,nal skate were 0,23 mis and 0,97 m/s 

respectively for subject 

respect;, • ... ely for subject 2. 

l, and 0,37 mis 

TABLE 7 

and 0,72 m/s 

Minimum Linear'Skate Velocity: Comparison of Conditions 
(velocity in mis) 

Var iable Subject Skate Mean Stçl Dev 

Minimum 1 test 0,23 0,59 
Ska te Veloc i ty Medalic 0,97 0,54 

2 test 0,37 0,53 
Medalic 0,72 0 / 71 

(. \ 
4.4.2 Blade Contact With the Ice 

The port ion of the b1ade in contac t wi th the ice cou1d be .' 

discerned from the la tera11y pos i t ioned camera. The subject 

typically contacted the ice at a point about 4/5 the way from 

the posterior end towards the anterior end. The next frame of 

film (1/100 s 1ater) would find the skater on the posterior 

portion of the blade. He would then rock forward to about 
> 

midblade and then settle with his weight about 1/3 to 1/2 the -

way from the back to t,he front.- This ini t ia1 rocking took about 

4/100 s. Beginning at around 50% of contact time, the skater 

gradually moved forward on the edge of his skate until at the 

t ime of HO (about 80% 0 f con tact) the pa rt of the b1ade under 

the metatarsal co~dyles was' on the ice. 
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The posterior camera clearly showed an increase in ~n91e of 

propulsion during the last 25% of contact time. , DUr~ng this 

portion of the stride the long dimension of the skat, blade, 

. invisible, for- mo-.t of contact time, gradually came into Ivrew as 

the skater pivoted slightly on the anterior region of h~s skate 

blade. 

These observations correspond to the instruct ion ot 'ico~ches 
l , , 

to start the push at the heel of the blade and finish at Jt~e, toe 

of the blade (Hoc key Canada, 1975; Stamm et al, 198 Î ) " and 

verify previous observations that the angle of prlPulsion 

increases at HO (Hoshizaki, 1985>' 

" , 

1 

, . 
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CHAPTER V 

DISCUSSION 

The purpose of this study was to document the kinematic 

pattern at the ank1e dur i ng the accelerat i on phase of forward 

skating, and to assess the effect of removifl9 the ankle support 

system normally provided by hockey skates on this pattern. Two 

subjects were filmed from orthogonal directions on the fourth 

contact period with the ice dur)ng an acceleration task while 

wearing regular hockey skates and wh i le wear ing a spec ial test 

skate which afforded no support above the talus. Ip this 

chapter, the results of this study will be discus'Sed ln three 
J • 

sectlons. First of aIl, the results will be interpreted in 

terms of a biomechanical model of the skating acceleration task. 

Follow i ng thi s, the e f fee t of the intervent ion (removal of an kle 

support) on total body parameters wi il be considered. Final1y, 

comparisons will be made between the data colleeted in this 

study and those reported e1sewhere in the literature. 

5.1 Biomechan ical Model 

1 n a ska t ing acce~era t ion task, the goal i s to i ncrease 

speed as quic kly as possible. wi thin a fixed amount of t ime for 
« 

a particular stride, the skater strives to maximize the forward 

horizontal impulse received from the ice, within the constraints 

of the skàting pattern. This forward impulse depends on the 

magnitude and direction of the ice reaction force, as weIl as 

\, , 
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the time during the stride that the force is applied • . 
ijnlike other forms of bipedal locomotion, the ice reaction 

force oceurs in a perpendicular direction to the skate blade 

only, since- the frictional force along the skate blade ,is 

negligible (ROY, 1978; van Ingen Schenau & Bakker, 1980). As a 

result, the skate blade must be angled away from the desired 

di rect ion of mot ion by an angle t heta (the ang le of propulsion). 

The component of horizon'tal force F which drives the skater 

. forYlard 15 given by F(sin theta) (see Fig. 1), and this 

component increases as theta increases. 

Another element of skating which differentiates it from 

" such locomotor activities as running and the diagonal stride in 

cross country ~kiing is that the foot through which the ice 
\ ' , 

reaction force is acting is gliding along the surface. In other 

words; whi1e extension of the lower limb )oints accelerates the 

center bf mass of the body away from the foot, there exists an 

addi t iona1 relat ive velocity o,f the center of mass to the skate 
~'. 

by virtue of the fact that thé skate and the skater 'are moving 

in di fferent directions: This relative velocity is given by 

v( si n theta), where 
. 

v is the c.enter of mass veloe i ty at the 

beginning of propuls ion. As the relative veloci ty increases, 
1 

lower limb extension takes place more rapidly. Since the force 

of muscu1a r con tract ion dec reases as the speed of cont ract ion 

increases (Winter, 1979), the resul t is a decreased force 

exerted against the ice by the' skater. 

-As the ska ter ga i ns speed 1 the angle of propuls i on i s 

decreased, 50 t·hat the r,e1ative vel.,ocityof the skater with 
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respect to the skate remains small. This Iimi ts the rate of leg 

extenSion, ~hereby enabling the skater to continue exerting 

large forces against the ice. There is a tradeof f here; 

decreasing the angle of propul~ion results in an increased 

magnitude of force, but the f,raction of the force in the forward 

direction decreases. 

A typical pat tern of skate cuts left in the ice ,by the 

blades of an accelerating skater is' represented in Figure 9a. 

Note that as speed is gained, the stride length increases and 

the angle of propulsion deereases. Also note th,at at higher 

veloe i t i e s the outwa rd rota t ion of the thigh which e'stabl i shes 

the angle of propulsion is preeeeded by the 'single support 

glide phase' (Marino & Weese, 1979).' This non-propulsive glide 

has been shown to be negligable or non-existent during the first 

several strid,~s of an acceleration task (Marino, 1979). 

A skate cut during early acceleration is depicted more 

closely in Figure 9b. For purposes of this model, the period of 

ice contact can be divided into two phases: the time from 

touchdown until the heel of the skate blade is lifted off the 

ice (TD-HO )" and the time from heel off unt i l the toe of the 

skate blade leaves the ice (HO-TO) • ,[ 
1. ) 

1 f *~uring TD-HO, when the blade is fIat ontil the ice, large 
~ 

forces are applied ice through hip 
. , 

extensions. to the and' knee 

The ,- role of the ankle during this phase is to optimize the 

application of these forces, and to Iimit the retardation of the 

skate's glide. In the frontal plane, a stable ankl,~~ preveÎ1ts 

the large hip and knee extension forces from being dissipated in 
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F ,GURE 9à. Pat tern of, sk~te cuts . 
fram an accelerat i ~9 
skater • 

. ' 

.' 

'. 

HEEL OFF 
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TOE OFF 
TO 

" 1 FIGURE 9b. Skate cut from the 
fourth Ice contact. 
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stretching the ligaments and tendons of the ankle and bend~ng 

the skate bOèt. , Excess pronation limits propulsion because of 

impr'oper alignment of the foot and leg in the frontal )plane 

(Hunter et al" 1981) •. 

The subjects in chis study showed a smooth, controlled 

increase in I?ronation over the first 50% of contact time (Figs. 

6 and 7). If pronation was controlled on1y by ligament 

structure and skate support, then a rapid increase in pronati4'n :,(, 'L . 
upo~ ~jeight ,~earing at touchdown ''W..0~ be expe,cted.' The fact 

that tlbis didn't. happen, even with the skate which provided no 

la tera 1 support, i s ev idence t ha t the prona t ion ta king place was 

under muscular control 'and that the forc~s produced during' leg 

extension were not dissipated in collaPhsing the ankle joint. 

This also indicates that the purpose of pronation is not to 

increase the blade angle-----c-til t'of the blade from the vertical) 

éarly in propulsion. It had been suggested by the author that 

this action mi'ght be necessary to provide sufficient' bite' of 

the skate into the ice. The reason for the limited pronation 

which does occur seems to be to provide a range of motion for 

supination at the end of the contact period, and perhaps to 

store sorne energy in the musculature and ligaments for recovery 

during this supination action. 

1 n the sagi ttal plane, dqrsal flexion serves to lower the 

pody' 5 cen~er of mass ~d thereby increases the component of the 

ice reaction force vector in the. horizontal direction (Mann & 

Hagy, 198e--r.--rn- this study the subjects made ice ~ontact in a 

state of dorsiflexion and increased the degree of dorsiflexion 
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throughout the TD""IHO phase The increase in 

dorsiflexion serves to keep the blade fIat on the ice while the 

ska ter' s center of mass moves f or\<lard relat i ve to the s kilte. 

Keeping the blade flat ,on the ice, with the'applicatidn of force 

weIl back from the front of the blade, mi'nimizes 'the frictional 

force on the blade (van Ingen Schenau & Bakket:.~-l-g.80) and give!? 
")' 

the skateF bette!" control over the skate' 5 glide. Perhaps' the 

observation in this study that the skater' s center of pressure 

began to move oforward· on the blade after about 50%' of contact 

time is an indication of the limi-tation of dorsal flexion 

allowed by the skate. 

" Use·of the test skate did not increase the degree of dorsal 

flex.iôn reached by the skaters. In fact'I subject l underwent 

significantly less dorsal flexion with this skate compar.ed to 

the -conventional sk..ate. l t should be noted that the lac ing 

systems and the tangues we re iden t ical in both ska tes and i t 

appears to be the se areas which establish th~ limi ts of dorsal 

fl,exion' mo.tion. The manne~ in which the ,skaters tied their 

skates was not controlled; perhaps subject. 1 tied his skates 
'" 

t ighter j n the test s ka te cond i t ion in order to compensa te for 

the perceived laxity of the skate boot. This mignt explain his 
• 

decreased dorsiflexion action with this skate. 
~ :.0" 1) 

.Another purpose ~or dorsifIex'i6n during ?the TD .... HO phase is 

to inc rease the range of mot ion for. the upcoming plantar f lex ion-

in the HO-TO phase. This function was clearly apparent in the 

data from this study (Figs. 4 and 5). The sudden increase in 

dorsal flexion just prior ~to HO may have served to activate the 

'. .. 
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musculature in preparation for the following contraction of the 

plantar flexors. 

Once heel-off occurs, an aéce1erating skater pivots on the 

anterior portion of the ~kate blade through further 1atera! 

rot'ation of the hip. This action increases t!),e angle of 
V 

propulsion, as the graph from Roy (1978) (Fig. 2) suggests. In 

this study, HO occurred al;>out 80% of the way' through total 

contact time on the fourth stride. The increase in angle of , 
propulsion was GlPparent on t(e film taken with the poster ior ' 

: 

camera. The advantage of this mo.vement is that, as was pointed 
< 

out ear1ier, JâQ., increase in the angle of pr'Opulsion results in 

an increase in the component of the ice reaction force in the 

forward direction. FurtheLmore, the ice cut becomes very deep 
\ 

at this point due to the pressure exerted by the small blade 

sur face on the ice, and thi s li kely increa ses the f r i c,t iona1 

--torce available to the skater. As a result, the skater do~s not 

have to push perpendicular to the skate, cut; a much more 

rearward directed force is possible. This corresponds to the 
. 

visual impression noted by Marino (l~79) that acce1erating 

skaters appeared to ex tend straight back from the hip during the 

first few strides. 

Forward imp~lse is enhanced during the HO-TO phase through 
;, 0 

p,lantar flexion and s~piDation. This corresponds to the t~me in 
If 

the stride at which skating coaches emphasi~e maximum ank1e 

extension (Hockey Canada, 1975; Marcotte, ,1978). tn studies of 

sh'rinting, Mann & Sprague (1980) and Mann (1981) have shown 'that 

plantar flexion during this phase cQntributes significantly to' 

! 

• • 

... 
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fortrtard impulse. High plantar flexion and supinatio~,>"';~locitie~ 
dur'ing the HO-TO phase were apparent for the' subjects in this 

',study, as depicted in Figs. 4 in the 

conventional skate condition; the subjects usually , did not 
" 

(115° to plantar flex as far as a neuEral standing positjon 

120°), sugge~ting tha~, despite the emphasis in the coaching 

. literatur~ ev en these advanced level subjects were not 

extending fully at the ankle. Apparently, following a forceful . ., 
rnuscular contract ion of the plantar ''''tlexors..,.tIr.ound the time of 

HO which rapidly increased the ankle angular velocity, the 

--impulse provided by the\ankle 
l, ' 

decreased considerably. , In the 
. 

test skate condition, the greater plantar ,fl'exion velocity and 
, , . 

di~placement imply that more impulse occurred in this case. 
, \ 

These interpretations are supported by observations of the 

lin~ar skatè velocity near the end of the' contae~ period (Fig .. 
. 

8, Table ,7)~ The HO-TO adtion cons~sts of.pus~ing the, toe o~ 

th~ skate back away from the skater's motion. This action °slows 

down the speed of the skate" and the magnitude- of the velocîty 

-fdecrease lis an indic;af'ion of this' rearward push. The veloc'ity 
.,.'" decrease i~lustrated in Fig. 8 indicates that the skater was 

P\1shing back against the ice -during this phase, ,and th'is 
.. 

backward push appears to be large~ in the test skate con~ition. 

Thus it appears that the test skate condition 

of a forward impulse during the HO-TO phase. 

resul ted.ni n more 

, 
l ___ • c 

The smalL absoluté velocity.of the skate at the ·end of the 

contact period makes the increase in the angle 'of propulsion , 

difficult to discèrn from an ice eut left in the ice. From the 

r' r) 
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graph in Fig. 8~ it can be estimated that the skate travels less 

than one skate-length during the short HO~TO phase. 

As an ac'cele(ating skater gains speed, the ankle extends 

more quic kly, and t'he musculature i s less capable - of exert ing 

force 'against the ice (Winter,. 1979). Eventually, the skatè,r 

reaches a speed wtlen h~ or she cannot push back against the ice 

as quickly ~s the ice itse~f is moving away relative to the 

skater. The toe of the blade will 'catch' i~ the'ice, and a 

brakinq rather than a positive impulse will' be applied (van' 

Ingen schen~u & Bakker, 1980). In shor,t, the ankle plantar 

flexion and sVPination which,occur during the HO-TO phase have a 
~ . 

. decreasing importance as the skater picks up speed, and a point 

is reached when they can actually be detrimental to,the skater. 

However, hockey skating generally involves intense accelerations 

,at relatively low velocities (Dillman et BI, 1984), _ and ankle 
\ 

planta~ flexion and supination should be regarded as important 

skating components. ., 
// 

/ trI 
The HO-TO impulse h" is important not or"rr::t -·-because 

, 

the(angle 
\, 

of propuliion is greater during 'this phase, but also because the 
• 

lean of the skater in the frontal plane is greatest at this .,. 
time. During' the course of the stride, the skater's center of , , 

mass moves away from the skate' because the skate and the center 

pf mass are moving in diff~rent directions. The /ice reaction 

force is directed approximately from the ~kate to the center of 

mas~. The angle of lean in the frontal plane is defined as phi, 

the angle that this vector makes vith the vertical, and the 

horizon~aJ com~onent of the ice reaction force F is given by 

,-

( 
" 

Il li' II-
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F(sin phi) (see Fig. 10). Phi increases as the center of mass 

moves away from the skate along the z axis during the course of 

the, stride. As noted by Mann & Hagy (1980), increased 

dorsif~~xion, as weIl as increased hip and knee flexion, lower 

the center of mass a10,ng the y a~is, and this also serves to 

increase phi. The resulting ,f'orward horizontal component of the 

ice reaction force (the desirable component as far as the skater' 
1 

is cohc~r~ed) is given by F(sin phi)(sin theta), where theta is 

the angle of propulsion. 

The following is a summary of the role of the ankle in the 

acceleration phase of forward skating, as suggested by the 

preceeding model and ~upported by the data from this study. 

During the TD-HO phase, the ankle must be stable in the frontal 

plane to al10w 

~rom hip and 

transmission to the ice of 

knee extension without 

the torces resulting 

dissipation. Sorne 

control1ed pronation does occur in order to increase the range 

of motion for later supination and possibly to store energy in 
, 

the ligaments and musculature. In the sagittal plane, the 
, . 

skater touches down in a state of dorsal fleK~on, and the degree 

of dorsal flexion increases as the skater strives to keep the 

blade fIat on the ice while he or she rnoves forward relative to 

" the skate. The dorsal flexion also serves to lower the center 

of rnass, therêby increasing the angle of lean early in the 

stride, and it increases the range of'motion for later p1antar 

,flexion. A sudden increase in dorsiflexion occurs just prior to 

Hb, '~ossibly to activate the plantar flexion musculature. 

As the heel cornes "of f the ice, the ska ter t urns the skate 

" 

/ 
! " 
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Three dimensionsl representation of the lee 
( reaction force vector F. The orig1n 1& the 

skate. the x axis gives the direction of the 
skate's gIlde. The desired direction Of 
motion of the ekater i8 to the right. the 
hor1zontal'component of th~ ice reaction force 
18 along the z axis. ' 
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outward, increasing the angle of propulsion. This greater angle 

of propulsion, combined with the large angle of lean at the end 

of the contact period, makes the ice reaction force during the 

HO-TO phase very effective in providing forward impulse. A 

great deal of this ice reaction force cornes from ankle flexion 

in both the frontal and sagittal planes, primarily from plantar 

flexion. 

5.2 Total Body Parameters 

Severa 1 var i ablés were measured for desc ri pt i v~ purposes' i I!~. 

order to assess any di f ferences in total body .mot ion brought 

about by the experimental intervention. These variables 

included the çhange in trochanter velocity during the HO-TO 

phase, and body lean measurements in the frontal plane. The 

. statistical summary for these variables is presented in Appendix 

B (Tables BI and B2). 

According to the model presented in section 5.1, there 

should be no acceleration of the center of mass with respect to 

the skate in the sagittal plane of the skate during the HO-TO 

phase, since the ice reaction force is perpendicular to this 

~. plane (although, in realityv sorne acceler~tion will occur 

because of gravitational torque when the center of mass is not 

vertically over the skate in this plane). However, at the time 

of HO,·~ the angle of prop~lsion increases so that the ice 

rea'ction force is no longer perpendicular to the plane of motion 

se en by the laterally located camera. As a result, some 

acceleration of the center of mass should be apparent in the 

) 



c 

\ 

)~ 

film taken ~ith this camera. 
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Furthermore, the degree of 

velocity change in the plane of motion filmed by the lateral 

camera should correspond with the forward directed impulse 

during the HO-TO phase. With this in mind, the velocity of the 

greater trochanter was determined at the times of HO and TO. 

The trochanter was considered to be an adequate represe~tation' 

of the center of mass for the purpose of comparison between 
. 

conditions. 

The trochanter velocity of subject 1 was found to increase 

by 0,37 m/s with the convenfional skate and 0,60 m/s with the 

test skate during the HO-TO phase, while the corresponding 

numbers for subject 2 were 0,61 m/s and 1,04 rn/s. A great deal 

of lntertrial varIation was evident with aIl measurements. 

However, despite the shortcomings of these data, it wasv\pparent 

that a considerable increase in velocity took place during the 

brie'f HO-TO time interval. There was a definite tendency for 
. 

greater HO-TO impulse to occur in the test skate condition. 

These results are consistent with and supportive of the proposed 

model. 

The model pointed to the importance of body lean in the 
, 

frontal plane as an important factor in maximizing horizontal 

impulse. A measurement representing this 1ean was made by 
~ 

determining the angle formed with the ver~ical by a line joining 

the skate blade and a marker placed at the center of the 

posterior ~high, just distal to the g1uteal crease. This 

measurement was made at ihe time of HO. An unexpected and 

substantial decrease in t~e angle of lean was observed in the 

! 

1 
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test skate fondition for both subjects. With the remova of the 

ankle suppdrt' provided in the co'nventional skate, the lean of 

subject 1 ~ecreased from 29,0° to 24,9°, while that of stbject 2 

decreased Jrom 27,1° to 22,4°. Because of the imporhance of 

this facto~, it was decided to run a statistical test, and the 
• 1 

dlfference,was found to be significant at the ,05 alp a level 
1 

for each subject. 
: 

These' results imply that the removal of ankle support made 
1 ~,r'" .. 

the subject:~:'less willing to lean in the frontal plane nd push 

themselves l
' lateral1y. Although the removal of medial ankle 

, 
1 

support diB not 
, 

appear to seriously ~ter the ska te~~_' abil i ty 

to controllpronation, it clearly hindered their ~bility 0 apply 

force in he lateral direction. The question as to 
1 
1 whether Of not the 7 hours providéd in this study or the 

subjects t6 accustom themselves to skating without ankle support 

was Sufficient. This cannot be answered in the of the 

present stûdy. What is clear is that the skater~ chang d their 
1 

ska t i ng st ra tegy, relyi ng less on t,he la te ra lice reac tin force 
1 

1 

during the!TD-HO phase and taking advantage of the great r range 

of motion ffforded by the test skate to achieve greater impulse 

during the HO-TO phase. These alterations apparently alanced 

out for thb skaters; it will be recalled that the acceleration 
, 

performance scores were not different for the two co ditions 

~, \ ' 
(Table~, 2) • 

t\;.,w 
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5.3 Comparison With Other Studies 

McCaw (1984) measured ankle angles for novice, 

intermediate, and elite level skaters at maximal velocity as 

filmed by a camera perpendicular to the plane of the s~ater's 

motion. McCaw used the lateral heel of the skate boot as the 

vertex for his ankle angle while the present study used the 

Iateral malleolus. The difference has been estimated by the 

author as being about 25°. For comparitive purposes ,~ ... this 

number was added to McCaw's results. 

McCaw's elite subjects reached a minimum ankle angle of 

82° ; results Ln the present study varied from 81,6° to 85,5°. 

This corroboration suggests that McCaw's data were correct. His 

novice subjects had a mean minimum angle of 89°, indicating that 

they underwent less dorsiflexion. In the model presented 

earlier, it was se en that dorsiflexion lowers the center of 

mass, allowing for more effective utilization of the ice 

reaction force, as weIl as increasing the range of, motion. 
'1 

However, the elites in McCaw's study had a smaller range of 

motion than the novices, reaching' a toe-off plantar flexion 

value of. on1y 97° compared to the novices' 109°. It was~this 

unexpected result, and the fact that the plantar flexion values 

at TO were so low, which led McCaw to consider his data to be 

cohfounded by the three dimensional nature of the skating motion 

and therefore suspect. The degree of error inherent in his 

measurements cannot be established at this time, but his results 

are consisteri~with the mod~l presented in section 5.1 of this 

study. The model indicated that p1antar . flexion would have 
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decreasing benefit as the skater gained speed and would be 

detrimental at very high speeds. Perhaps McCaw's elite subjects 

had learned through their skating experience to limit plantar 

flexion at high speeds. 

There have been no studies in the literature w~ich have 

measured pronatiOn angles while skating. 
; 

Bates, Osternig, 

Mason, & James (1978) measured frontal plane ankle angles for 

runners, and determined that the maximum degree of pronation 

reached during"ground contact was typically between 5 and 10°, 

slightly less than the values found in skating. 'Runners 

typically reached a supination angle of 20° at TO, while the 

tendency of skaters to supinate beyond the neutral position was 

minimal. The reason for this i'S simple: while runners can 

achieve impulse with pos) t ive supination, the l~ver action 

involved in skating becomes negligible beyond the neutral 

position. ::.. 

\ Angles 
\ 

measured by 

of propulsion for accelerating skaters have been 

Lariviere 

used a heterogeneous 

(1968) and 
,1 

sample of 

Ma r i-rtO--(-~ 83 ) . 

hockey players. 

Both authors 

Lar i viere 

measured a mean start ing angle of 68° followed by 59°, 44, 50 ~ 0 

and 34,8° for the ~st three contact periods, while Mar ino 

found the average fo the first three contacts to be 40,5°, 

Both sets of data are consistent with the 32° noted for the 

subjects in this study for the four th contact period, and the 

decreasing angle of propulsion is to be expected based upon thoe 

model presented earlier; 
l 

" Measurements of stride rate and velocity are consistent 
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with those reported in the 1iterature for advanced, to e1ite 

accelerating s~aters. Greer & Dil1rnan (1984) reported the 

instantaneous velocity of e1ite skaters at the 6 rn mark of an 

acce1eration task to be 7,0 rn/s, whi1e the skaters in this' study 

were travelling at 6,1 rn/s, as estimated by SL/ST, at about the 

5 m mark (the approxirnate midpoint of the four th stride). Greer 

, Dillman rneasured a stride rate of 4,02 /s; at the fourth 

stride in this study the mean rate was 3,98 /5. 

The corroboration between this study and other studies in 

the literature sU9gests that the kinematic pattern described in 

t~is study is typica1 of advanced level skaters. 

.. 
1 1 r 1 J~ ~ f , ~ • 

"'. 

," 
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CHAPTER VI 

SUMMARY AND CONCLUSIONS 

" 

V~ry little scientific research has focussed upon the role 

of the a~kre' in power skating. A review of the literature 
i -

ind~cated a great deal of confusion regarding its function. The 

purpose of this study was to quantitatively document the 

kinematic pattern of the ankle in a maximum intensity skating 

acceleration task. The s~cond major concern of the study was to 

assess the'J,_effect of removing the ankle support normally 

-providéd by hockey skates on the kinematic pattern. Hypotheses 

were designed to compare a conventional skate and a skate which 

provided no ankle ~upport on the following criteria: maximum 

dorsiflexion, maximum plantar flexi6n, maximum pronation, and 

maximum plan~ar flexion and supination velocities. 

6.1 Methodology 

Two advanced level hockey players were selected as subjects 

based on their skating acceleration performance. The task 

consisted of a maximum intensity sprint from the goal area to 

center ice. Two Locarn cameras filmed the action at 100 fps. 

Camera location and starting point were adjusted so that the 

fourth contact would be filmed. Cameras were placed so as to 

give orthogonal views of the lower limb and oriented with 

respect to the skate blade. Two pairs of skates served as the 

independant variable for the experiment: the Micron Medalic, a 
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moided plastic skate, and a test skate which was identica1 to 

the Medalic in aIl respects except that it gave no support above 

" the talus. 5ubjects pnderwent la trials with each condition. 

Marked anatomical landmarks were digitized and then a~alyzed 
. 

using th~ McGi11 Biomechanics Laboratory's kibematic analysis 

programs. 5tatistical evaluation of the hypotheses was done via 
<> , 

t-tests. comparing the two conditions on the dependant variables. 

An alpha level of 0,05 was set as the criterion for rejectron of 

th~ statistical hypotheses. 

separately. 

6.2 Findings 

The two subjects 'were ana'lyzed 

Analysis of tne data and testing of the statistical' 

hypotheses revealed the following results: 

1. The skaters touched down·in a posit~on of dorslflexion, and . . 
dorsiflexion increased during the touchdown to heel-off 

" (TD-HO) .phase, reaching a maximum value jpst before heel-off. 

S~gnif1cant differences in maximum dorsiflexion between 

'conditions for 52 were not found, although 51 underwent 

significantly less dorsiflexion in"the' test skate condition 

thaq.in the conventional skate condition. 

2. Maximum plantar flexion occurred at 'l'o. The subjects 

frequently failed to plantar flex as far as the neu~ral 

. 
(standing position) ankie' angle, particularly when the 

conventional skate was worn. Maximum plantar flexion was 

greater for both subjects ,with the test skat~ condition. 

Statistical significance was obtained for S~ but not for S2. 

r 
Il 
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3. Maximum plantar flexion veloeity was reached during the HO-TO 

phas'e •. High veloeities were reached in a very short amount 

of t ime imply i ng là rge an .. gular accele'ra t ions around the t ime 

of HO. M~ximum velocity was greater when the test skate was 

worn than when the conventional skate was worn for both 

subjects. Differences between conditions were statistically 

significant for 51.~ut'not for 52 . 

• 4. The subjects "'Contacted the ice in a po!iLtion of very slight 

pronation. Pronation increased during the TD-HO phase, 

reaching'a maximum prior to HO. There was a great~r degree 
• 

of pronation in the test skate condition for both subjects. 

Differences were statistically significant for 52 but not for . 
51. 

5. -The subjects 

HO-TO p}:la se , 

reaehed high supination velocities during the 

implying that large angular accelerations 

occurred at the time of HO. Th~ maximum supination velocity 

was grea~er' for the test skate than for the conventional 

skate for both subjeets. Differences were statistically 
1 

sig~ificant for 52 but not for 51. 

The kinematic patterns were very similar for both 

conditions. Temporal aspects of the stride (e.g. TD-HO'~ime and 

, ' HO-TO time) wère not altered by the experimental intervention. 

Thé test skate condition was characterized primariIy by a 

greater ra,nge of mot ion and a, higher angular veloe i ty dudng the 

HO-TO phase than the eonventional skate in both the sagitt~l and 
\ ' 
frontal planes. 

Further anaIys~s 'ingiqated that the linear velocity of the 
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skate reached a·smaller minimum value during the HO-TO phase for 

the test skate than for the Medalic, and that the angle of body 
-Cb ' 

lean in the frontai p~ane was less f6r the test skate condition. ~ub 

Large within-subject variances.occurred for aIL variables, 
. . 

hi n t i'n 9 a t a complex interrelationship among a 
" 

large number of 
L 

component~ich affect the,execution of, this ~ask. 

6.3 Conclusions , . , 

The limited scope of the study and,the lack of consistent 

statisticql significance preclude the ability to generalize the 

results with any degree of certainty. However, strong evidence 

has been presented in support of the following points: 
" 

1. An i,mportant and measurable amount of motion at the ankle 

takes place duriQ9 ~kating acceleration in bath the sagittal 

and frontal planesr 

~. Displacement in the sagittal plane primarily consists of 

dorsal flexion. Skilled skaters in conventional skates do 

. not ~suallyi plantar flex ~s far as the neutral (standing) 

ankle angle. 
• < 

3. Pronation is under muscular control in skilled skaters . , 
~ 

4. The angle of pr~p~lsion increases during the HO to TO phase.-

5. Greatest plahtar flexion and supination ,velocities occur 

during the HO-TO phase. Significant forward impulse ls 

appl ied t 0 the ska te r ' s cent.er of mass through ankle 

extension du~ing this phase, which comprises the last 20% of 
, ."> 

, ., 
contact tlme . 

. 6. Decreasin~ ankle restriction results in an increased degree 
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of motion in aU directions "except dors~f lexion. 
'. 

Dorsiflexion appears ,to be-li!1lite9 .by the lacing of the skate 

'and thé tongue: 

anklé restr i ct i'cm 
, 

Decreasing JJesul t s ' in higher extension 
, 

veloc i t ies during the HO-TO phase, prov iding a greater 

for~ard irI,lpulse dur i~ng this phase than the rest r icted 

condi t ion al,lows. 

Less body 'lean ln the frontal plane takes place when the 

ankle is unsupported. This resul ts in decreased f orward 

impulse during the TD-HO port ion of contact because of a 

smaller horizontal component of force. 

L 

9.- The connection between decreased ankle suppor,t and decreased 

'frontal plane lean is unclear. It is suggested that without 

medial ,support the point of force applicat ion on the ice is 

less stable. Thf: skater, who must also be concerned wi th 
• , f 

balance, shifts his skating scrategy slightly to rely more on 

the HO-TO phase for his forward impulse~ 

6.4 Implications of the Study 

pronounced dorsal flexion is a ctitical and characteristic 
'. 

etement of skilled skating technique. Coaches should emphasize 

this aspect to their skat:'ers. Despite the insistence in much of 

the coaching literature for full ankle extension, the sblled 

subjects in this study did not forcibly extend (plantar flex) 

their: ankles beyond the neutral position. Coaches have 

apparently been unsuccessful in teaching this skill. Si nce i t 

vas shown that pJantar flexion contributes substantially to 

1 
1 
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forward impulse in early acceleration, more of an effort to 

teach this technique to developing skate(s needs to be 

undertaken. 'In light of the strong possibility that ankle " 

extens ion i-s detrimental to maximal velocity skat ing, ,a 

distinction needs to,be made 1 between acce1eration skating and 

high velocity skating. 

Evidence presented in this study suggests that ' the skates 

presently employeà by elite hockey players fail to maximize 

skating performance because they limit plantar and dorsal 

flexion and limit supination. Skate,s designed for the type of 

forward acceleration that occurs in hockey should provide medial 

support, but allow unrestricted motion in the sagittal plane. 

6.5 SU9gest ions fot" Further Research 

Review of the results from this study indicates directions 

for several close 1y re la ted research initiatives. Dorsal 
, ' . 

flexion was isolateà as an important component in'power skating 

technique. However, the experimental intervention failed to 

i nterac t wi th thi s variable. À repl icat ion of the exper iment, 

except with no dorsal flexion restriction provided by the lacing 

or tongue of the test skate used, should be ùndertaken to assess 

the effect of this variable on the skating ~mpulse. Another 

question raiseD by this study is the degree of importance of the 

HO-TO ankle plant'ar flexion action as the skater gains speed, 

and in particular the point at which this action becomes 

detrimental to skatipg performance. There appears to be a need 
\ 

~o assess the role of the ankle at various other points along 
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the skater's path, both earlier and later in the acceleration 

o task. As a final area of investigation employing a similar-
-

experirnental setup, the study should be replicated with skaters 

of di f ferent abi li ties so tha i; the process of the development of 
.. 

a mature skating pattern can be docurnent}e. 

, "There is a need to study the dynamics of s,kating 

acceleration directIy, "rather than to infer what iz happening 

from rneasured kinematic variables. The relationship between 

kinematic patterns and total body motion is not as well 

understood as it should be. The development and deployment of 
, 

pract'ical sub-ice surface force platforms or within skate force 

rneasuring devices would be of enormous assistance in providing 

solid insight into the question of how people skate. 

I,) r, 

o 
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APPENDIX A 

1 NFORMED CONSENT FORM 

NAME (pr int): .,. ------------------------------------

The study you will participate in is designed to 
determine the ways in which the ankle restriction inherent 
in regular hockey skates affects your skating stride. You 
will be asked to perform 20 maximum intensity accelerations: 
l 0 w e a r i n 9 are guI ars kat e and l 0 w e a r i n 9 aspe c i a 11 y 
constructed non-restricting test skate. You will perform in 
shorts, wi th con t rast i ng ma r kers placed on spec i fic 
anatomicallandmarks, and you wiU be filmed with a high 
speed camera. 

You may discontinue your participation in the study at 
any time, simply by asking to do 50. That lS, you can 
refuse to complete one or aIl tr ials, or you may ask to have 
your fi Imed trials destroyed be fore analys i 5 • You may a 150 

ask to have your results withdrawn. 

It will be possible for you to see the filmed recording 
of your trials, and for you to see a report of the study 
when it is completed. AFTER THE STUDY IS COMPLETED, THE 
FILMED RECORDINGS OF YOUR TRIALS WILL BE MAINTAINED IN THE 
FILM LIBRARY OF THE BIOMECHANICS LABORATORY OF THE MCGILL 
UNIVERSITY DEPARTMENT OF PHYSICAL EDUCATION, TO BE USED FOR 
RESEARCH AND INSTRUCTIONAL PURPOSES. (IF YOU DO NOT WANT 
YOUR TRI ALS TO BE USED FOR .... PURPOSES OTHER -THAN THE PRESENT 
STUDY, DRAW ALINE THROUGH' ALL CAPITALIZED LINES.) . 

By signing below, you are indicating that you consent 
to participate in the study, that you have read and 
understood this informed consent form, and that aU your 
questions concerning the study have been answered. 

Signature: ________________________ _ 

Date: __________ __ 
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APPENDIX B 

TABLE BI 

Increase in Trochanter Veloc i ty (HO-TO) 1 Lateral view 
(velocity in m/s) 

Subject Skate Mean Std Dev 

l 

2 

test 0,60 0,49 
Medal ic 0,37 0,45 

test 1,04 0,5B 
Medal ic 0,61 0,53 

TABLE B2 

Body Lean in the Frontal Plane 
(angles in degrees) 

- Measurement represents the tilt of the supporting leg with 
respect to the vertical at the time of HO. 

Subject Skate Mean Std Dev 

1 test 24,9 3,9 
Medalic 29,0 2,9 * 

2 test 22,4 3,9 
Medal ic 27,1 5,0 * 

.. Di f f erence is significant, p < ,05 
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