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ABSTRACT

a

C ) The purpose of this study was to document: \ the kinematic
pattefn of the ankle in a forward skating acceleration task. s
—The second major concerp was to assess the effect of removing
V' - the ankle support normallf prévided by hockey skates on this
pattern. Two male advanced level hockey players were filmed on
the fourth stride of a maximal intensity acceleration by two
"LOCAM cameras 'operating\at iOO fr/s. Cameras were placed to
give sagittal and frontal plane views with respect to the skate
blade during ice contact. Subjects underwent 10 trials in each
of two skate éonditi2n5:~ a conventional hockey skate, and an
identical skate with all ankle restriction removed.
\ Analysis ~-revealed dbrsjflexion upon toucﬁdown, with

1

C& pronation. and “further dorsiflexion occurring during ‘ contact.
& Maximum values of pronétion and dorsiflexion were reached just
before the heel of the skate blade left the ice. The heel-off
to toe-off phase was\characterized by large plantar flexion and
supination velocities. The ranges of motion as well as the
Angular velecities at the ankle in both planes were greater for
the test skate condition. It wgs. épparent that important
forward impulse-occurred as a result of ankle fleﬁjon. The
_ankle support iriherent ip hockey skates appeared to reduce this J

impulse. Results were discussed 1in terms of a biomechanical

~ES§91 of skating. R %
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La présente étude visait dans un premier temps & docymentet

< E le battern cinétique de 1la cheville 1lors d'un mo ement
d'accélération avant 'sur patin & glace. Dans un deuxiéme temps

1'élément du support du patin a été enléve afin d'évaluer les

conséquences de 1'absence de soutien sur le pattern cinétigque

—a

Y

obtenu. 'Deux joueurs de hockey de niveau avancé ont été filmé a
1'aide de deux caméras LOCAM reglées & une vitesse de 100 fr/s,
lors de la quatriéme foulée d'une accélération. d'intensbté
maximale. Les caméras étaient placées de fagon & obtenir wune

- " e

vue des plans saggitale et frontale de la lame du patip lors du

contact avec la patinoire. Les sujets ont été 'soumis & une

série de 10 @essais pour cha,cx_.me des deux conaitions
'

0 experimentales, avec ou sans support de cheville. Les résultats

de 1'analyse cinématographi_qx;e révélent un pattern de flexion

° dorsale en phase initiale de contact avec 14 surface glacée,

associé & une pronation et ﬂ{me flexion dorsale .acqcentuées au

. momént de contact. Les valeurs m%ximales de pronation et de

flexion dorsale opt  été observées immédiatement avant

1'élévation_du félon de la lame du patin. La période Tathre

1'élévation du talon de la lame de patin et l)'élévation de la

partie antérieux‘e yrox’imale du. patin se caratérise par des

vitesses de flexion’ plantaire et de supination importantes. Des

.' amplitudes de n:ouvements et des vélocités angulaires de  la

cheville plus importantes ont été observées lors des essais

a . —_
. i
- , )
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effectués avec le patin modifié; 11 apparait évident . qu'une

&x

-impulsion ant§rieure ni@portante survienne en réponse a la
flexion de la cpeville. I1 semble que 1'insertionf d'un support
de cheville dans la chaussure du patin de hod%ey provogue une
diminution de l'impulsion antérieure. Un modéle biomécaniqug du

patinage sur glace est présenté & partir des résultats obtenus.

N
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CHAPTER I

INTRODUCTION

v —

The ability to accelerate very. quickly from a state of low
velocity is one of thegmost important, fundamental skills of' a

+

ahockey player. _The necessity of this skill becomes apparent

when one considers the mature of the game and the physical
boundaries of the surface on whicﬁ it is played. 1In a gaﬁe in
which" plays de&e&op with split-second timing, even a slight
advantage in this area can make the difference between winning
and losing.

In hockey coaching manuals, the need for full extension of
the hip, knee, and ankle in effective acceleration is stressed
(wild, 1971; Can—-Am Hockey Group, }973; Watt, .1973; Hockey
Canada, 1975; Stamm, Fischler, & Freidman, 1982).  However,
extension of the aﬁkle 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 ankle support, without any concomitant assessment of
the effect of the boot on kinematic skating pattern or skating
performance. Other types of skates, -—such as speed skates and
bandi skates (used {2_ a game which has demands similar to
hockey), leave the ankle free from réstriction. It is very
possible that. the present hockey skate inhibits skating

performance. , N4 N

v



1.1 Nature and Scope of the Study
{\/

0 s Skating differs fundamentally from other means of bipedal
locomotion in three priﬁary aspects. First, horizontal ground
reaction forces are elicited perpendicular to the direction of
the foot, qecessitating outward rotation of the thigh before a
forward directed impulse can be applied. Secondlgl'the foot

' through which the force 1is being applied is moving (gliding)

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

skate blade offers an extremely narrow base of support resulting

skate about an axis along the blade.

\\\T\\\\\ With wvirtually all external force in skating propulsion
¥

acting through the skate blade, it should be readily apparent

’ ’ in a very effective mechanical advantage for forces rotating the
|
|
|

that the position and angle of the blade relative to the ice,
@[} and the transmission of forces to the blade, are of fundamental
impertance to skating. The function of the ankle in this regard
is critical. However, the manner in which the ankle Eontrqls
- " the direction and timing of force application, as well as the
ankle's effect on total impulse, are aspects of skating which
are pre§entlytyery poorly understood. c
Motion at the ankle takes place at two joints (Wells &
Luttgens, 1976). The ankle proper is a -hinge joint formed Ey
the articulation of the talus with the malleoli of the tibia and
théqfibula, The sub-talar joint is formed by the articulation
of the talus with the calcaneus. This non-axial joint permits -

¥,

limited gliding between the articulating surfaces. Together,

JoR——

O these two joints produce four movements in two planes: 6iantar -
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dorsal’flexion in the sagittal plane and supination - pronation

'l

in the frontal Rlane. The range of motion for each action is a

ﬂreflection of j 1nt\é£§ucture, soft tissue characteristics such
as ligaments, and muscular activity. The. factors influencing
ankle movement interact with the supporé characteristics of the .
skate to yield the resulting kinematic pattern for the skater.

It is mechanically sound to expect that energy provided to
the athlete is maximized when the torque-producing musculature
of the ‘hip, knee, and ankle can act through as large a range of
motion as possible. Page (1975) and McCaw (1984) related
maximal skating velocity to range of motion at the knee a@d
hip. However, McCaw (1984) indicated that ' elite skaters hgﬁ/
\smpiler ankle éisblacements than intermediate or novice skaters.

McCaw did not complete his analysis of the ankle results, noting

that his experiment was not designed to provide data on the

bl

kinematics of the ankle, :

s v

Excess pronation during *lower . limb extension can
—_— s 8 . ;

- effectively absorb a great deal of the -energy provided By the

i
hip and knee extensors. This is considered a common and often
‘severe problem with young, beginning skaters:(Hunter, Schuberth,
& McCrea, 1981). However, some pronation may be necessary in

.

order to set the blade in the ice at an appropriate angle to
elicit a horizontal ice reaction force early in the propulsive
phase of the skating stride, when forward lean of the skater igﬁ
very, small, It is also possible that supination of the ankle
adds impulse to the skater later in the stride; if so, early

‘ r
pronation increases the range of mdétion for this action and may

b}

»
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even servesto store energy in the muscles and ligaments. Film

'of advanced skaters (Hoshizaki, 1985) indicated that pronation

was occurring during the fourth stride in an acceleration task.
Little‘is known about the degree of importance of pronation and
thg effect of boot resgriction.on this action. °
A number of studies (Marino & Diilman, 1978; Marino, 1983;
Greer & Dillman, 1984; McCaw, 1984) have wused high-speed
cinematograph& to measure variagbles reflecting the lower laimb
kinematic pattern, but none' of these have been directed at
examining ankle movement. A major problem with the ‘design of
these studies, as far as the anklé is concerned, is that filming
takés place 1in the sagittal plane, while joint motion of the
lower limb takes place in oblique planes.. Measurement error
increases . with  increasingly distal joints, with ankle
measurements being;'particularly affected, *+ Documenting total
gédy parameteré necegﬁifates a relatively large
cageta-to-subject distancg, limiting the precision of ankle

kinematic measurement. ) .
V " -

.

i

1.2 Purpose of tﬁ%~$tud§

A

The purpose of thi%‘ study was to document the kinematic

pattern of the ankle joint durind thé acceleration phase of

r

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
with an identical skate that was designed to allow the ankle

.,
freedom of movement.

4 4
td

e
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u1.3 siatistical‘ﬂypotheses .

Each of the following hypotheses ‘compares a skater wearing

the test skate (with little ankle support) to the same skater =

/

vearing a conventional skate. : ’ )

)

1. There will be no significant differences in MINIMUM ANKLE

ANGLE IN THE SAGITTAL PLANE {(dorsiflexion).

2L There will be no significant differences in PLANTAR FLEXION
ANGLE AT TOE OFF.: .

3. These will be no significant.‘differences i; MAXIMUM PLANTAR
FLEXION VELOCITY,

4. There will be no’significant differénces in MINIMUM ANKLE
ANGLE IN THE FRONTAL PLANE (maiimum pronation).

5. There will be no significant differences in “MAX}MUM

SUPINATION VELOCITY.

Evaluat%on oﬁithese hypotheses neces;ita€65 a qﬁantitativeom
description of ankle kinematics. Therefore, althouéh the
hypotheses deal with what has been labelled a 'secondary ,
concetn' of the study (that is, an asse;;ment of the -effect of
ankle support. on the kinematic _pattern), the primary purpose of

-

the study will be served.

1.4 Limitations and Delimitations
N L

The limitations of this study are:
1. Movement of the foot within the skate boot will cause an
error in tye measurement of pronation, since the back of the

3 -
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'

boot i's representing the calcaneus segment. This error was
v minimized in this study by 'using only a profe§siona%ly
fitted and high quality molded skate boot.
2. Each %rial is assumed to have been a maximal Yeffort.

3. Subjects did not carry a hockey stick.

LS

The following delimitations qpply to tifis study:

1. Only’the Micron ﬂedalic skate was used.

2. Only the 4th stride in the acceleration task .was analyzed.
3. Results apply to each subject inrgividually, and they cannot

]
be assumed to be representative of any particular population

x

.of skaters. ¢

o

1.5 Definitons and Abbreviations.

The following definitions and abbreviations will be used in this

4

study:
SPATIAL-TEMPORAL COMPONENTS ' \
Skating stride : The unit ofr movement 1in .skating between

contralateral foot touchdowns. _A right stride begins with

o right foot touchdown and ends with left foot touchdown. It

is, one-half of a skating cycle, which commences  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.

~
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Heel-off (HO) : That moment during a skating stride when the
posterior end of the skate blade is lifted off the ice.
Toe-off (TO) : That moment during a skating stride when the

"skate blade léaves th iée.
éontact Time (CT) : The Z
' same skate (seconds).
Stride Time (ST) : The duration of ongxﬁtride (seconds).

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

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

one blade is in ice contact (seconds).

Double Support Time (DST) : The time during a stride when both
blades are in ice contact (seconds).

Stride Length (SL) : The distance covered b& the skater in the
sagittal plane during one stride. It was measured as the

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

L)

———

ANGLE DEFINITIONS

*Note that in the followin 'lateral' and 'posterior' are -
Al . g

considered with respect to the foot. o

Ankle Flexion Angle : Méasure of the angle between foot and’

. 4

shank as seen by. the lateral camera (degrees). Angle is
formed by "the 5th metatarsal-phalangeal joint, lateral
malleolus, and the tibia-femur joint.

Ankle Pronation Angle : Measure of the angle beyween the
posterior midline of the 1leg and a line on the boot in £he

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

uration in time'frém ™ to TO of the

|
N
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8
Angle of Propulsion : The angle between the

the skater's motion and '\the direction

during propulsion (degrees).

~Blade Angle- : Angle between the normal to
A 4

the vertical axis- of the skate blade

.

standing).

L ~—~—

8

desired direction of

J .
of tHe skate blade

.

the ice surface and

(zero degrees,

when




CQAPTER II

REVIEW OF,LITERATURE .

- L]

1

Although a number of studies have addressed the problem of
identifying the bfqmecpanical . factors  which contgibute to
skating accele:ation‘perfdfmance, none of them have dealt with ‘\\Q
thé funct?on of thegankle. In this chapger the importance of
anle motion to s}ating performance will be argued. In

particular, the relationships of plantar flexion, dorsal

e —

N .
flexion, ané& ankle pronation to forward impulse 1in the skating

stride and the possible but unknown effects of ankle support on

. these components will be discussed.
Hockey skating coaches generally insist that proper skating
‘:é acceleration is charécterized %y maximum exteﬁsion of the hip,
knee, and ankle joints of the lower 1limb (Wi}d, 1971; CqE-Am
Hockey Group, 1973; Hockey Canada, 1975; Marcotte, 1978; Stamm
et al, 1982). Page (l§75) found correlations between maximal
velocity of hockey players and both knee flexion and knee
extension, McCaw (1984) studied novice, intermediate, aég»elite

level -skaters and found that higher ability levels registered °

gfeater ranges of angular motion at both the hip and the knee

when skating at maximal velocity. Significantly, the greater
range of motion resulfed-primarily from greater joint flexion
prior to extension. None of the ability levels exhibited full

|
|
1
knee extension, in contrast to the expectations of coaches. .
‘:% These results are consistent with studies of running ' (Mann 5
134 -
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Hagy, -1980) and the 'diagonal stride in--cross country skiing

(Gagnon, 1980) which demonstrated that larger ranges of mdtion
at both the hip and the knee corresponded to an increased speed.

These increased ranges of motion with speed resulted primarily

-

from greater degrees of joint flexion prior to propuléion. Mann

1

& Hagy (1980) noted-greater dorsiflexion whén subjécts switched

" from running to sprinting, and Sykeé (1975) measured‘iincreases

of the order of 10° for both pléﬁﬁér‘ flexion and dorsiflexion
for an elite runner changing speeds from 6,4 to 8,9 m/s. ’

The increase 1in range of motion with speed is to, be

expected since the distance through which each of the extensor

© groups exerts force 1is important 1in determining the body's

kinetic energy at the end of propulsion (Hay, 1978). Mann—&—

Hagy (1980) point out that an additional benefit of increased

hip and knee flexion as well as ankle dorsiflexion is the
lowering of the center of mass of the body. The result is that

the center of mass is more optimally ‘placed for the application

\

of forward horizontal force once it is ahead of the ground

support foot.

Mcééw (1984) measured aﬁkle angles of novice, intermediate,
and elite skaters at maximal velocity with a camera filming
motion»én?‘the sagittal'plane. fhe experiment was designed to
measure total body pafqmeters; the large field of view required,
combined with the three dimensional _nature of the motion
involviﬁg lateral rotation of the hip and hip abduction, make
both the reliability and wvalidity of the ankle measurement

results questionable. Results showed an increase in the degree

*
——

s

.
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of maximal dorsiflexion with skating ability, as expected.

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

decreaseg\‘considerably as skating ability increased, to- the
extent that the elite skaters had a smaller ankle range . of
motion than the novice skaters did. The range of motion was
less than 20° for all 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’

v

were in error because of the three dimensional nature of lower
limb extension, and suggested that his results were more a

reflection of greatef lateral hip rotation with the superior

"ability levels than decreased plantar flexion.

v

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

sprinting:s Their results indicate that a large impulse 1is
. »

provided by the ankle extensors during pushoff (not to mention a

large eccentric braking impulse upon landing). In’fgct, the

data show that ankle extension provided more impulse during 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 ub until toe-off 1in

sprinting, but activity stopped shortly after plantar flexion

commenced in running. This implies that ankle extension is of
increasing .importance as running speed increases, particularly

in, the final port%ons of ground support. As far as energy
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production capability is concerned, Winter -(1983) found that
peék pover generafion, a reflection o{ both joint md&ment. of
force and angular Q;locity, was greater at the ankle during
walking than at the hip or the knee.

The applicab{iity of_. these results to ‘skating is
guestionable. Van Ingen Schenau & Bakker (1980) have developed
aa biomechanical model of speed_skat{ng in which no plantar
flexion occurs. Apbarently; spéed skaters are coached to aﬂpid
plantar flexion during the pushoff; The reason for this i;,as
follows: While lateral impulse is being provided through
extensions of the hip and knee, the skate is sliding 1in the
direction of the blade. Plantar flexion involves pushing the
front end of the skate againsi a fixed \point‘on thel«ice, and
above “a' certain speed retrofiexion of the hip and plantar
flexion of the ankle will move the blade tip backward relative
to the skater at a speed slower than that of the skater relative
to the ice. The result will be a braking rather tban a positiv?
impulse. The authors pg&:t out that plantar flexion is a

particular problem with beginners because Jf the confusion of

skating technique with the more familiar techniques of pushoff

in walking or running. . -

This may explain McCaw's (1984) data which ;ndicated .a

1

" trend to less plantar flexion with the more advanced skétgrs.

However, it directly contradicts the description of proper ankle

action presented in the hockey coaching literature.

- ?urthermore,,the movement pattern of-hockey power skating is

quite different from that of speed skating (Marino & Weese,

N oo N \
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1979). Finally, the reason fpr elimipating piantar flexion
action was related to the speed of the skater relative to the
ice, which for speed skaters can surpass 14 m/s (Kuhlow, 1974).
McCaw's subjects had  mean maximal velgcities wh{;ﬂ. ranged from
6,9 m/s for his novice groupato 9,2 m/s for his elité group,
considerably less than the velocity of speed skaters. It must
also be remembered that maximal velocity data hag limitdd
applicability to the type of skating which occurs in hockéy,
which consists primarily of short duration, high intensity
accelerations at rela{ively léw velocities (Dillman, Stockholm,
& Greer, 1984). These authors filmed 22 advanced level hockey
players for 13,5 seconq sequences in a game situation and found
mean>~ peak velocities " of only 5,01 m/s. Ranges and - standard
deviations were not presented.

,Consideration of the dynamics of the skatiné stride is
helpful in elucidating the role of the ankle in forward
propulsien. During the .skating step, forces actiﬁé onn the
center of mass are‘elicited through the reaction f§rce of the
ice on the skate blade. Coﬂsidering that the coefficient of
dinamic friction between ice and skate blade is 0,02 and forces
applied by the’sgaEE?\s:;inst the 1ice are typically less than
2000 N (Roy, -1978),- i%¥ is clear that horizontal prépulsive
forces along the direction of the s&ate blade cannot be greater
than about 40 N. Since the horizontal force on the skater may
be 20 times this amount, élmost all of this force must be in a
direction perpendicular to the blade. |

Skating therefore requires rotation at the thigh so that a

' N
i ]
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lage component of this perpendicular force will propel the
skater1 in the desired direction of ‘motion. This angle of
Qpropulsion (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 1levels over the first three strides of a maximal

[

aéceleratioﬁmtask. An overhead camera was used to obtafﬁ the
data. Thig value implies that the impulse given to the skater
in the lateral direction was greater than that ini the forward
d?rect}on (by a factor'oﬁ l/tan'40,5 ; see Fig, 1). This is
°contrary‘to the visual impression noted by Marino that tge,legs
tended to extend straight back from the hip during the first
several strides. Larivﬁere¢%1968) used a technique.of painting
the ice impriﬁt left by the skater to determine the angle of
propulsion for a heterogeneous group of 18 hockey players. He
found the mean anglés of’propulsion for the start and the first
three strides to be 68°, 59°, 44,5°, and 34,8°.

Roy (1978) used a force plate embedded in a synt?etic
skating\\surface to measure force production from ‘8 highly
ékilled hockey players performing three types of starts.
Measuréments wére also taken for a reqular stride. A defin?{ion
or description of the tegn 'geghlar stride' was not giveé. 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 56 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

‘/a . '
5 -t
. '
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d} - Horlzontal lce reaction
<§° force. .
Q

DIRECTION OF SKATER

a @«

e Fe = Forward component of ice
- ) reaction force. . #
- FL - Lateral component of ice f/‘l_,,
h reaction force.
'S N o
FIGURE'i. Deplction of horizontal Ice reaction force on skater. .
The skater §s skating toward the top of the page, and
the angle of propulsion ts 8. The ratio of the ..

d force Fp to the lateral force F Is‘tan 9,
shown geometrically that § = 6.
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\mwj theth decreased - see Fig. 1), combined with ‘a decreasing.
0 magnitude of force applﬂication as velocity increased. What is:
particularly interesting about these numbers js that the forward
impulse 1is consistently larger than the laéeral impﬁlse,’

» -

implying that the greater part of the skater's propulsion occurs
.. when the angle of ‘propulsion is considerably larger than
’ ., expected (greater than 45°).

Inspection of a forces,vs time graph for the regular stride

presénted in the Roy (1978) study is 1illuminating. This graph
o is reproduced in Fig. 2. :The' ratio of forward:lateral force
v remains less than 1 for more than two thirds of th& Eotal'_
propulsion time (indicéting an angle of égépulsion less than 45
degrees during this portiqn), yet it increases steadily. During
(:’ ' the last quarter of the propulsion phas; the ratio suddenly
increases to as high as 1,5 and‘;emains high és lateral force

«

‘drops off and forward - force increases. These results may be
interpreted as depicting a gradual and then . sudden increase in
the angle of propulsion. The sudden increaée could .very wellN
correspond with the time when the skater's center of pressure
aéainst the ice moves forward to the antefior end o; the skate
blade. With less blade surface on the ice,’the skater is able
to pivot on the skate blade through further la£eral rotation at ~
7 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 this
phenomenon are considgnablé.erThe data 'presented b§ Ray

‘E’ demonstrate that over 1/2 of the forward impulse takes place

N



-

FORCE (ﬂ]y

FIGURE 2. Forward and lateral componentd of horizontal
ice reaction force during a 'regular’ skating
stride. From Roy (1978). .
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during the final quarter of propulsion, during which the angle
pf propulsion increases signi{icantly. This coifesponds to the
time that 'toe push' or 'heel snap' (plantar flexion) would take
giace, as expounded by skatiﬁg coaches (wfgd, 1971; Hockey
Canada, 1975; Marcotte, 1978; Stamm et al, 198£).

The reason there is a large horizontal impulse from this
portio; of' the skating stride is that the center of mass is well
ahead of the point of force applicatioz on the 1ice, creating a

+good angle for horizontal propulsion. An easily measured
vériable which is reflective of this angle at the end of double
support is"angle of takeof}', being the measurement of the
angle above the horizontal of a line joining the skate ¢tip to
the hip at toe off. Multiple re?;ession models of skating
accelefation have shown that the angle of takeoff 1is a key
element contributing to performance (Marino & Dillmaﬁ, 1978;
Marino, 1983; Greer & Dillman, 1984). In other words, these
studies impily that one of the primary skills that differentiates
an elite skéter from a good skater is the former's ability to
position his center of mass further ahead of his propulsive
skate during the last moments of double support so that this
'toe push' drives him forward rather than vertically. This
results in a more effective application of force‘for horiiontal
acceleration. | :

It would appear from the above research that the very last
portion of contact is an important time for force application
because a) the center of mass is optimally placed for horizontal
propulsion, and b) the angle of propulsion is greater. Plantar

-

¥ T
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flexion could be aq’imporlant source of impulselat this time,
particularly if skating velocity is not high. However, the
design of the skate boot used in hockey may restrict plantar
flexion, 1If so, then the limitation of this motion would re;ult

l

in a decreased production of horizontal impulse.
- More dynamic data of the type found in the - gait literature
is needed, however the nature of the sport and the surface on
wvhich it 1is played make the determination of -ground reaction
forces difficult "to obtain. Lamontagne, Gagnon, and Doré (1983)

and Gagnon, Doré, and.Lamontagne ll§83{ utilized strain gauges

Yfixed to the frame of the skate blade to measure forces in

* “combination with a three dimensional cinematographical analysis

’

for ‘the determination of skate angles. They analyzed the
two-legged stop in hockey and obtagned what they termed good
resulks. Their research techniqué’has yet to be corroborated.
In addition, there has beéﬁ- no recently published sesearch
employing the experimental technique of Roy (1978) cited
earlier, who embedded a force platform into a synthetic ice
surface, Apparently, the technical difficulties associated with
obtaining good data using these procedures are greater than what
one would expect based upon the publishedlliteratﬁre. ‘
Ankle pronation plays a very different role in ékatiné as
opposed to runhing. The skate blade offers a very narrow base
of support located approximately 153 tgﬁ 20 cm distal to the
su;talar joint, resulting in a large mechénical ad?antage for

rotation around the subtalar joint in the frontal plane.

Extensive pronation can easily result upon weight bearing




combined with the forces of leg extension. This has been said

_ to cause improper alignment of the lower limb segmenfs in the

frontal plane, resulting in instability, 1loss of force
prdduction, and poor blade edge control (Hunter et al, 1981; -
Gazdig, 1983). This is thought to be a particularly serious
problem with maﬁy young, beginnind skaters. Skate manufacturers
have responded to this situvation by producing skates with a
great deal of ankle support in an attempt to control eversion of
the foot. As the skater matures, the problem becomes much less
serious. Soft tissue maturation on the lateral side of the
foot, development of the sustentaculum tali and navicular on the
medial side, 1inversion of the functional position‘pf the heel
with skeletal matﬁ;ﬁty, decreased lﬁgamentous laxity, and
increased muscular development and =~ central nervousky system
maturity are all physical growth factors which decrease the
tendency of the ankle to evert due to torgue about the skate
blade (Hunter et al, 1981). As a resuit, mature, skilled
players require less ankle support provided by the skate.

High speed film of advénced ability 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 lhat significant pronati?n (of. the order of
10° but highly variable) was ‘taking place during propulsion
(Hoshizaki, 1985). The anatomical compensation of the skate (a
high quality model) may have been insufficient even fér advanced.
skaters. Another possibility is that the pronation which did

exist wac an integral part of the skater's kinematic pattern.
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Controlled pronation may be desirable for two reasons,
First of all, it increases the blade angle (the tilt of the
skate blade from the wvertical), and this may be necessary to
give the skate sufficient "bite’ into the ice early in
propulsion when the%e is not a great deal of horizontal
digblacement between the skater's center of mass and the skate,
Secondly, ankle movement in the frontal plane may be a source of
impulse for the skater. The blade to ankle distance provides a
%ever arm in the frontal plane analogous t5 the lever arm
provided by the toe to ankle distance in the sagittal plane.
The,return'to anatomical position from a state of pronation late
in the propulsive phase would provide fgrce at a time when the

center of mass 1is in a favourable ﬁbsition for the application

" of forward horizontal impulse. If this is the case, then the

purpose of pronation would be to increase the range of motion
for this supination action, as well as to store energy in the
musculature and ligaments for recovery late in the propulsive
phase. The skates presently employed by elite hockey players
may hinder this action as a result of the ankle support
provided. To date there is no research reforded in the
1iteréturg studying the effects of pronation in skating.

In summary, a great éeal of confusion exists regarding the
role of the ankle in skating. Coaches generally insist that
full extension of the joints of the lower 1limb, including a
final push at Ehe ankle, is an important criterion for effective
skating, yet skates are designed with ankle protection and ankle

support, systems which limit the raﬂge of motion, Studies of the
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kinematics of skating, sprinting, and cross country skiing have

N
of lower limb Jjoints is associated with gredter velocities,

supported the logical expectation that greateré}inge of motion
“‘.« . » .
although the increases in range of motion resulted primarily
from greater flexion rather than extension (Page, 1975; Gagnon,
\
1980; Mann & Hagy, 1980; McCaw, 1984). Ankle plantar flexion

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

“in  gait, particularly sprinting, with evidence presented

indicating that it may contribute significantly to forward
impulse in skating (Roy, 1978; Mann & Sprague, 1980; Mann, 1981;

Winter, 1983). However, some questionable data has been

——mm N

obtained indicating that plantar flexion occurs only to a very

small extent in skating, and that advanced level skaters

P~ N I

actually wundergo less plantar flexion__than novice skaters

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

detrimental to performance at very high speeds (van 1Ingen

- v

Schenau & Bakker, 1980). Regarding frontal plane motion,
pronation generally connotes poor pérformance (Hunter et al,
1981), hence the development of ankle support systems in skates
to 1imit eversion. However, research has demonstrated that even
aévanced level skaters wearing high guality skates undergo
pronation in the order of 10° (Hoshizaki, 1985).

In light of this confusion, and considering that the
equipment used has a direct bearing on the phenomena reported, a
study .which seeks to quantify the kinemaéic pattern at the
ankle, as well as to document the effect of skate boot support

on this pattern, seems warranted.
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"CHAPTER IILI

METHODOLOGY

|
!

This chapter contains the folloy}ng headings: 1) Subjects,
2) Cinematographical Procedures, 3) Conditions, 4) iestihg

Procedures, and 5) Treatment of Data. The methodology utilized

" in this study was accepted by an Ethical Review Committee of the

McGill University Faculty of Graduate Studies and Research.
e ’

3.1 Subjects

@ group of seven’juni;r and collegq\level hockey glayers
between the ages of 18 and 25 volunteered to participate 1in a
study of advanced level skating performance sponsored by
Warrington Inc. The two players who received the best scores in
forward skating acceleration performance were chosén as sbbjects
for this study. These subjects were both highly skilled and
experienced, ensuring that a mature skating technigue would be
examined. Generaiﬁingormation regarding the two subjects is

presented in Table 1. A consent form (Appendix A) was read and
) 4

signed by both subjects, acknowledging that the testing

procedures and the subjects' options had been fully explained to

them and were understood.
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Subject Description
]

3.2 Cinematographical Procedures

Subject Age Height Mass Skate Size Position Level of

: (cm) (kg) Play
£ . ;r;w -
~ 1 19 175 70,5 7 1/2 regq forward junior major
2 22 les8 62,7 71/2 feg' forward Jjunior

"

The experimentpl setup is illustrated in Fig. 3. Two 16 mm
Red Lake Locam cameras operating at 100 fr/slfilmed the sﬁbjects
from orthogonal axis planes. Préliminary tessing establishéﬁ
where and at what angle each subject placed his skate on the
fourth stride. The starting position of each skater was
adjusted so that they would both set their right skate down at
the same point on the ice for the fourth‘contact period. The
angle of propulsion was measured to be close to 32° for both

skaters. Camera #I was located "directly behind and in line with

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

perpendicular to the skate blade and slightly anterior to the
touchdown point solthat the skgter moved . across the field of
view during the stride. Camera #1 recorded pronation and was
located so that the complete lower limb was in thé field of'view
throughout contact; camera #E recorded plantar and dorsal

flexion at the ankle aﬁd was located so that the whole body was

in the field of view throughout contact.
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FIGURE 3.
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The distance between the film and the point at the center
? "

of the actibn was 2,?0 m for camera #1 and 13,05 m for camera
#2. The ground to lens heights were 72,5 cm ‘and 78,5 cm
respectively: In all trials, the subjects' motion during the
fourth contact period remained within the fields of view of the
cameras. A referefice grid 'was digitized at both ends “of the
 field of wview ié which analysis was to be done 1in order to
confirm that 1lens distortion and parallax were not measurable

error factors. Intrasubject variation in location and angle of

the fourth ice contact resulted in less than one half degree of

- —

v

joint angular measurement error. ‘

. Three lQOO W light banks were arranged around the periphery
of the filming a}ea, and a’light meter was used to determine the
appropriate f-stop. Exposure t%me wds 1/250 s, necessiﬁating a

‘shutter opening of 115 aegrees. A coordinate reference grid was
filmed in the field of wview of each camera 6}n ‘order ‘to
facilitate the transformation of digitized data into real data.
An internal timing light generator produced white dots on the
gorder of the film representating »100 s intervals, allowing
for the determination of actual £ilm speed. . -

Subjects were filmed in shofts, and did hot carry a hockey

stick. The following“anatomical landmarks were highlighted on

. each subject to allow for consistent digitization of film Qdata:

lateral border of the fifth metatarsal-phalangeal joint, lateral
heel, 1lateral malleolus, lateral border of the femur-tibia
- joint, and greater trochanter. For .the posterior view, a thick

black line was drawn on the skin of the subject from the middle
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of the knee to the top of the skate delineating the leg segment.
A line was drawn on the skate along the vertical axis of the

skate blade aligning with the above line at 180 degrees when the

£y

subject was standing. The locations of the talus-calcaneous
joint and the center of the back of the knee vere marked along
these lines. The purpose of the lines was to aid in the
location of the joints yhen the actua} markers were blocked from
sight bf the subject's left skate. A marker was also placed at
the middle of the posterior thigh, just distal to the gluteal
crease. Steps = were taken to eliminate systematic error
resulking from s}ight differences of marker 1location on the
skates., ‘ ' N 1

Numbers identifying the subject, condition, and trial were

in the field of view of each camera. ' Cameras were started about

one second before the subject moved in order to assure that they

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

)
| < \

i

3.3 Conditions '

il
1

. . .
Two pairs of skates served as. the. independant variable qcr
!

. . ! . - . .
this experiment: the Micron Medalic, a molded ‘plastic skate of

high quality, and a test skate proviﬁed by the Micron

manufacturers. This test skate was identical to the Medalic in
. ) \ I

, , . o

every respect except that it gave no support above the talus.
| i ‘ |

Both skates were professionally fitted and were broken in with

more than ﬁgven hours of skating, and both wére subject to

identical sharpening procedures“immedﬂately before testing.
! L

[ !

. Conditions rwill be referred to as 'test skate' and

1 i

N
\
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'Medalic'\én the remainder of this paper. -

)
A

N3.4° Testing Procedures

J .-

Subjects used a front standing start from-a startihg‘point

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

as quicﬁly as possible past the center ice line, where 4 timers

with stopwatéhes Qere located. The distance was 24,4 m.. They

were?informed of their times, as well as the times of the ?Fhe}’
subject, after each trial. The s;aters underw;nt at least 10

timed practice trials for each condition during the week prior

'ﬁo testing. ' ,

Ss were in the fields . of view of thg_cameras during Ehe
fourth stride. 'This stride was chosen fof"analysis for the
following reasons: a) The subjec; is 'undérgoing high
acceleration throughdut this stride (Mar@ho, 1979) and therefore .
large reactive forces are contihuously acting on the skate. b)

The veloc'ities involved at this point (Marino, 1979) are very

typical of velocities occurring during actual hockey games
: ! )

(Dillman et al, 1984), therefore maximizing the specificity of
the test. c) Position of TD is ¢consistent at this point. . This,

combined with the relatively small velocities iﬁvolved, allowed

{

the cameras to be placed much closer to the event than would be

possible at higher velocities to assure capture of the complete

t I
1

stride on film.
Subjects wore one pair of skates for the first 6 trials,

the second pair for the“fext 10 trials, and the first pair again. .’

for the last 5 trials. The order of skate testing was different

i, .
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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 eésy skating allowed between trials. .

The subjects appgared to be highly motivated and
b 14
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 well

»

rested for all‘trials.

Deterioration of the 1ice surface occurred over the course

of the experiment, although the subjects indicated that it was

not enough to affect performance. Repair of the deeper cuts in
the ice was accomplished during the time that the subjects were
changihg skates.

-t 8 4 -

3.5 Treatment of Data

Each film frame of the trial, beginning 9 frames before TD
until 9 frames after TO, was displayed on a Summagraphics
digitizing board. The digitizer was connected on-line to the
McGill mainframe computef} and x,y locations of the anatomicai

landmarks were recorded in a MUSIC (McGill University System for

Interactive Computing) library file. A WATFIV program adjusted .

1%
each frame to a-common x,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 fangles

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

filter with .a cutoff frequency of 9,0 hz for the lateral view

t
A\

—
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and 12,0 hz for the posterior view (Wi%te;, 1979; wWood, 1982).
Instantaneous velocities were determined using the technique of

finite differences. <o ' !

3.5.1 Statistical Analysis. The research design was a

repeated measures multivariate design with' one factor and.two

levels. Analysis was replicated independeﬁtly for each of the

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

)

The scores from the trials for ohe 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 "Sopulation of
scores" for the second 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 sigﬁﬁficancé at the 0,05 alpﬁa level.

’ .



CHAPTER IV

RESULTS

?he;purpose of this \study wvas to document thq kinematic
batterns of the ankle joint dufing the fourth contact perioJ of
'a maximal intensity forward acéeleration task, and to assess éhe
‘ effect on this pattern of removing the ankle support normally
provided vby hockeyﬂ‘gkgtes. Results are preseﬁted tn this
chapter under the following headings: spapial' - otempor§l
characteristics, sagittal plane kinematics, frontal plane

kinematics, and other observations.

4,1 Spatial-Temporal Characteristics .

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

-

delimit various phases of the fourth stridé and to allow

- 2

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

-summarized in Table 2. \

Contact time (time of ice contact of right skate) lasted

for just over one quarter of a second, with about 20% of this
time spent in the heel-off to toe-off (HO-TO) phase.
'Differences between  conditions (skates) were not significant,
aLghoughf%here -was a tendepcy to slightly larger HO-TO times
with the test skate. Stride time (right skate touchdown to left

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

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

’ ¢ "



TABLE 2

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

7
VARIABLE SUBJECT SKATE - MEAN STD DEV
Contact Time 1 ‘ test 26,0 2,6
- Medalic 28,0 1,7
2 test 28,4 1,2
. Medalic 27,5 1,9
HO - TO Time 1 tesk 4,9 0,99
Medalic 4,6 0,84,
|
2 test 6,0 1,05
Medalic 5,3 0,68
Double Support 1 test 1,5 1,27
Time Medalic 1,9 1,37
) 2 test 1,7 0,48
Medalic 0,8 0,92
Stride Length 1 test 1,38 m 0,13
Medalic 1,55 m 0,07.-%
¥ 2 test 1,55 m 0,09
Medalic 1,56 m 0,11
tride Time 1 test 24,2 2,2
Medalic 25,3 0,9
2 test 25,8 0,6
r Medalic 25,2 01,1
- SL/ST 1 test 5,73 m/s ' 0,42
Medalic 6,13 m/s 0,33 «x
2 . test 6,00 m/s O,%g
Medalic 6,20 m/s 0,
! : Performance 1 test 3,36 s 0,10
~ Time Medalic 3,34 s 0,05
2 test 3,50 s 0,06
Meda}ic 3,49 s 0,05
* p < .05 .
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being less than"0,0Z s, Some trials were characterized by a
very short flight phase.

Stride length (measured from right touchdown to left
touchdown) was 1,55 m, resulting in an~ average velocity

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

shorter stride length with the test skate and a correspondingly

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 figst
overt movement until the #kater crossed center ice (a distafice
of 24,4 m),. Di%ferences'between conditions (skates) were not

- \
significant for either subject.

|-

4.2 Sagittal Plane Kinematics 3 Fk%)

Although skating coaches generally argue that aapowerful

extension at the ankle 1is an iq@ortant action in effective
skating (Wild, 1971; Hockey Canada, 1975; Marcotte, 1978; Stamm
étdél, 1982), the existance of this action has been brought into
question (van Ingen Schenau & Bakker, 1980; McCaw, 1984), If
impulse is provided to the ska;er By ankle plantar flexion, then
it is likely that‘the hockey skate boot hinders the transmission
of this impulse.

This section describes the kinematic pattern of dorsal and
plantar flexion during thé\fourth contact period of a maximal

. . . . P .
intensity acceleration, and compares the results obtained with a

fconv;ntional skate (the Medalic) with those obtained with a test

'skate, identical to the Medalic except that no support was given

N
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to the ankle above the talus. The ankle angle was measured as

the angle formed by markers 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 joint. The
angle so formed measures 115° to 120° when the subject is
standing in skates. '

4.2.1 Conventional Skate Kinematic Pattern

A graph of the ankle angle as a function of normalized
contact time for a representative.trial 1is presented in Fig. 4,
The pattern is a typical one, and it was generated consistently
by both subjects. The skater made ice contact in a state of
dorsiflexion, and the degree of dorsiflexion increased steadily
(decreasingiangle) by about 10° over fhe 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 plantar flexion® for the remainde; of the éontact
period. The angles at takeoff (TO) for almost all of the trials
for one subject and many of the trials for the other subject
were less than the ankle angle formed when the subject was
standing 1in skates. The time of maximal dorsiflexion was
generally found to be between 65% and 80% of contact time, and
occurred just prior to the visible 1ifting of the posterior end
of the skate blade off the ice (heel off, HO).

The ankle angle data is summarized in Table 3. ‘ Mean
minimum and maximum angles'wére 81,6° and 107,7° for subject 1,

giving a range of motion of 26,1°., Corresponding numbers for

)
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FIGURE 4. Dorsal - plantar flexion displacement curve for a
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TABLE 3

Dorsal-Plantar Flexion Statistical Summary
(angles measured in degrees, velocity in rad/s)

Variable Subject Mean Std Dev
Minimum Ankle Angle 1 . 81,6 2,6
(Maximum Dorsiflexion) 2 85,1 4,4

. ~ AN
Ankle Angle 1 107;7 5,5
at TO 2 115,5 4,4
- A

Range of 1 26,1 5,2
Motion 2 30,4 6,2
Maximum Angular 1 9,8 2,1
Velocity 2 11,0 2,1

i
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subject 2 were 85,1° and 115,5°, giving a range of motion of
30,4°. Maximum angular velocities reached during the HO-TO
portion of contact were 9,8 rad/s and 11,0 rad/s.

4.2.2 Comparison of Conditions

Figure 5 sbperimposes the graph of ankle angle in the
sagittal plane for a representative trial with the test skate
upon the graph shown in\Fig. 4 for a typical, trial with the
conventional skate. Both skate conditions resulted in a similar
pattern of generally increasing dorsal flexioﬁ for about the
first 60% of contact, followed by a sharp decrease in angle and
then rapid planiar flexion. The most ' distinguishing
characteristic betwe;n the conditions was the steepness of\the
curve (indicating higher velocity) in théAHO-}O region for the
test skate.

Hypotheses 1 and 2 concerned statistical differences

between conditions for maximum dorsiflexion and maximum plantar

flexion during contact, and hypothesis 3 was established 1in

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. pifferences ‘were statistically significant at the ,0}-
alphailevel for subject 1. "The mean plantar flexioh angles were
close to 119° for both subjects wearing the test skate.

Dorsiflexion values were not different between conditions for

subject 2, but subject 1 underwent significantly less
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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 Alpha
Minimum Ankle 1 test 85,5 4,4
Angle Medalic 81,6 Q\Z,G 2,40 ,027. %
(Maximum dorsi- 2 test 84,0 2,9 _ e
flexion) Medalic 85,1 454 -0,68 5506
U2
T
Ankle Angle 1 test 118,8 4,4 ’
at TO ’ Medalic 107,7 5,5 4,99 ,000 x
2 test 119,6 6,5
Medalic 115,5 4,4 1,64 ,119
"""'"""’:"""""T """""""""""""" JURREEE mTTTTTT
/~  Range of 1 test 33,3 3,7
Motion Medalic 26,1 5,2 3,40 ,003 *
. &
k 2 test 35,6 6,8 ° ,
4> Medalic 30,4 6,2 1,69 ,108
M\aé*i’né Angular 1 test 12,1 1,4 .
Velocity Medalic 9,8 2,1 2,87 ,010 *
2 test 12,3 2,6 \
Medalic 11,0 2,1 1,23 ;235
*p< ,05
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dorsiflexion in the test skate rcondition. This was an

unexpected result.

1

. Greatef’plantaf flexion maximal velocities occurred with
the test skate than with the conventional skate. Diff;rences
were statistically significant at the ,61 alpha 1level for
subject 1. Both subjects reached mean ﬁaximal'velocities éf

‘more than 12 ‘rad/s. The greater velocities corresponded to
larger angular displacgmen;s during the HO-TO phase, without an
'incfease in time for this phase.’ The'ankle rangé.of motion’
zincf;ased by 7,é° for subject 1 and 5,2° for suﬁject 2 when the
test skate was used. This increase’ was statfsticaily

significant at the ,01 alpha level for subject 1.

¥

4,3 Frontal Plane Kinematics
Ankle support systems in skates have been designed to limit
pronation, which has generally been considered a fault in

skating (QUnter et al, 1981; Gazdig, }983), However, even.

* advanced level skaters wearing high quality skates undergo some

4

pronation (Hosh{zaki, 1985). It is possible that ankle action
in the (rdntal plane may assist in setting the blade into the
ice and in providing forward impulse, but this aspect oé'skating
has not been studied. ' - /
" This sectién describes the kinematic pattern of proﬂ%tipnl
»and supinatign during the fourth contact’ periodlof a maximal
intensity forward acceleration task, and compares the results

obtained with a conventional skate (the Medalic) and .those

gbtaigfgvz}th a test skate, identical to the Medalic except that .

e
|

! |
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no.ankié support was provided. The ankle angle was meafured as
G' the angle between the postner’ior 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. -Decreasing angles correspond to
pronation; éncreasing angles correspond to supination.

4.3.1 Conventional Skate Kinematic Pattern

Considerable. intertrial variation wvas _apparent in the
pronation;5upination' patterns exhibiéed K by the subjects.
However, certain general characteristics were consistent and are
represented in Fig. 6, which displays a graph of the mean values
of frontal plane ankle angle for one of the subjects. Similar
kinematic characteristics were observed wjth the other subject,

‘:? Generally, the skater would contact tpe ice in a position of
very slight pronation, and pronation wouid increase steadily by
about 8 to 10° during the first 50% of contact time. After
this, the pronation angle remained fairly constant until the
o time of heel-off (HO), with the heel-off to toe-off (HO-TO)
phasé characterized by rapid supination.
\~Front$l plane ankle angle data is summarized in Table 5.
The minimum angles (maximum pronatiom) reached by the two

gubjects were 166,9° and 171,6° while both subjects. had mean

!
; angles at TO very close. to the neutral position of 180°. The
ranges of motion were 13,2° for subject 1 and 8,2° for subject
‘ . 2.° Maximum supination velocities during the HO-TO phase were

ot

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

O | :
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TABLE 5

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

- / :

Variable Subject ~° Mean_ Std Dev
Minimum Ankle Angle 1 166,9 2,3
(Maximum Pronation) 2 171,6 3,4
Ankle Angle 1l 180,1 4,6
at TO o 2 179,8 4,1
Range of 1 13,2 9,1
Motion 2 - 8,2 3,9
Maximum Angular 1 . 5,9 1,9 ; p
Velocity: T2 4,8 2,6 >
7
ﬁ,
N N
b
9 N"’<’i‘
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4.3.2 Comparison of Conditions

Figure 7 compares mean values of pronation as a function of
normalized contact time for the two c¢onditions 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 heel off, except that the degree of pronation reached was
greater in the test skate condition. The test Skate condition
resulted in greater supination at toe-off as well. Figure 7
shows that angular velocities reached were greater in the HO-TO
phase of contact as the ankle in the test skate oconditibn
underwent larger displacement during a similar time period.

Hypotheées 4 and 5 were designéd to compare the degrees of
maximum pronation and the' maximum .supination velocitiesxreached
under each condition. The evaluation of thesg hypotheses, .aleng

A}

with other 'frontal plane angle data, 1is presented in Table 6.
Both subjects 'demonstrateq greater pronation with ~the test
skate, al£hough for subject 1 the differeACe was only 1,5°, not
statisticaliy significant. Subject 2 undetwant 3,8° mork
ﬁrbﬁation, which was significant at. the ,05 alpha feve}.
Supination velocities were ggéeter with the test sk?te,
increasing from 5,9 to: 8,} rad/s for subﬁect 1 and from 4,8 to
8,6 rad/s for subject 2. Differences were statistically
significant at the ,05 alpha 1level for subjeét 2, Supinatipﬂ
angles at TO increased by about\°§° for both subjects, sa that

the range of motion increased from 13,2° to 17,9° for subject 1

and from 8,2° to 14,8° for subject 2. L

A
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TABLE 6

Pronation-Supination:*Comparisoﬁ of Conditions
(angles measured in degrees; velocity in rad/s)

o
Variable Subject Skate Mean' Std Dev T Alpha
0 Minimum*Ankle "1 test 165,4 3,3
. Angle Medalic 166,9 2,3 -1,11 , 280
- (Maximum 2 test l67,8. 3,0
. Pronation) Medalic 171,6 3,4 -2,70 ,015 =
Ankle Angle 1 " test 183, 3 6,4
at TO Medalic 180,1 4,7 1,33 , 200
0 : 2 test  182,6 3,3
: X ‘ .« "Medalic 179,8 4,1 1,73 ,100
o Range of 1 test 17,9 8,3 ’
Motion Medalic 13,2 5,4 1,51 ,148
2 test 14,8 5,3
. Medalic 8,2 4,1 3,16 ,005 *
Max imum 1 test 8,14 3,80 .
. "Angular . Medalic 5,89 1,90 1,67 ,112
Velocity- - . )
2 test 8,57 4,14 .
. Medalic 4,80 2,55 2,46 024 *
* p <-05

~ ) ~
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4.4 Other Observations

.In the, course of analysis, certain observations were made
which were deemed relevant.to the interpretation of the data,
and therefore are presented here.

- 4.4.1 Minimum Skate Velocity

It was observed that the speed of glide of the skate
decreased to a much smaller value than would be expected
considering the 1low coefficient of dyﬂamic friction involved;
particularly during 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 sharply
increasing forward to lateral force ratio (Roy, 1978).
Furthermore, the minimum 'velocity reached in the test skate
condition tended to be considerably "less thaﬂ/zhap reached with
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 laterailyr to the fifth metatarsal phalangeal joint,

resulting in a certain  amount of additional velocity
1ncorgorared into that of the skate near the end of contact as
the marker rotated over the anterior end of the blade. Hovever,
even withﬂ that complication, it 1is <c¢lear that the minimum
vélocity of the test skate was 1less than that of the
conventional skate. T

The minimum velocity of the toe marker was determined for

each of the trials and the statistical summary is presented in

~
Table 7. The mean minimum velocities reached by the test skate
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and by the conventional skate ~were 0,23 m/s and 0,97 ws

respectively for subject l, and 0,37 m/s and 0,72 m/s

respectively for subject 2,

TABLE 7

Minimum Linear Skate Velocity: Comparison of Conditions
(velocity in m/s)

Variable Subject Skate Mean Std Dev
Minimum 1 test 0,23 + 0,59
Skate Velocity . Medalic 0,97 0,54
2 test 0,37 0,53
Medalic 0,72 0,71

I

4.4.2 Blade Contact With the Ice

The portion of the blade in contact with the ice could be
discerned from the laterally positioned 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 (17100 s later) would find the skater on the posterior
portion of the blade. He would then rock fo}ward to about
midblade and then settle with his weight about 1/3 to 1/2 the
way from the back to the front. This initial 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
time of HO (about 80% of contact) the part of the blade under

the metatarsal condyles was:on the ice.
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~increases at HO (Hoshizaki, 1985),

[
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The posterior camera clearly showed an increase in angle of

propulsion during the last 25% of contact time. During this

portion of the stride the long dimension of the ‘skate blade,

-invisible for most of contact time, gradually came into

view as

the skater pivoted slightly on the anterior region of his skate

blade.

Theselobservations correspond to the instruction of

to start the push at the heel of the blade and finish at

)

coaches

il

the toe

of the blade (Hockey Cahada, 1975; Stamm et al, 1982),  and

verify previous observations that the angle of prg

| ¢
l

i
4

ypulsion
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CHAPTER V

DISCUSSION

The purpose of this study was to document the kinematic
pattern at the ankle during the acceleration phase of forward
skating, and to assess the effect of removing the ankle support
system normally provided by hockey skates on this pattern.. fwo
subjects were filmed from orthogonal_ directions on the fourth
contact period with the ice dqung an acceleration task while
wearing regular hockey skates and while wearing a special test
.skate which afforded no support above the talus. Ig this
chapter, the results of this study will be discussed 1in three
sections. First of all, the results will be interpreted in
terms of a biomechanical model of the skating ;cceleration task.
Following this, the éfféct of the intervention (removal of ankle
support) on total body parameters will bg"considered. Finally,
comparisons will be made between the data collected'in this

study and those reported elsewhere in the literature.

5.1 Biomechanical Model

In a skating acceleration task, the goal is to increase

speed as quickly as possible. Within a fixed amount of time for
a particular stride, the skater strives to méximize thé fzrward
horizontal impulse received from the ice, within the constraints
of the skating pattern. Thié forward impulse depends on the

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

-2




the time during the stride that‘the force i§ applied.

Unlike other forms of bipedal locomoéotion, the ice reaction
force occurs 1in 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
direction of motion by an angle theta (the angle of propulsion).

The component of horizontal force F which drives the skater

- forward 1is given by F(sin theta) (see Fig. 1), and this

component increases as £heta increases.

Another element of skating which differentiates it from
such locomotor activities as running and the diagonal stride in
Cross country\ skiing is that the foot through which the ice
reaction force is acting is gliding along the surface. In other
words; while extension of the lower limb'joints accelerates the
center o0f mass of the body away from the foot, there exists an
additional relative velocity of the ceﬂter of mass to the skate
by virtueﬁo? the fact that the skate and the skater -are moving
in different directions: This relative velocity 1is given by
v(isin theta), where v 1is the center of mass velocity at the
beéinning of propulsion. As the relative yelocity increases,
lower limb extension takes place more rapidly. Since the force
of muscular contraction decreases as phe speed of contraction
increases (Winter, 1979), the result 1is a decreased force
éxerted against the ice by the skater.

"'As the skater gains speed, the angle of propulsion is

decreased, so that the relative velocity of the skater with
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respect to the skate remains small. This limits the rate of leg
extension, ;héreby enabling the skater to continue exerting
large forces against the ice. There 1is a tradeoff here;
decreasing the angle of propulsion results in an increased
magnitude of force, but the fraction of the force in the forward
direction decreases.‘

A typical pgﬁtern 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 decreases. Also note that at higher
velocities the oug&ard rotation of the thigh which gétablishes
the angle of propulsion is preceeded by the 'single support
glide phase' (Marino & Weese, 1979). 'This non-propﬁlsive glide
has been shown to be negligable or non-existent during the first
several stridgs of an acceleration task (Marino, 1979).

A skate cut during early acceleration 1is depicted moré
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 wuntil the toe of the
skate blade leaves the ice (HO-TO). !

-
sgburing TD-HO, when the blade is flat onﬁ’the ice, large

=

N—

forces are applied to the ice through hip and knee extensions.
The .. role of the ankle during this phase is‘ to optimize the
application of these forces, and to limit the retardation~of the
skate's glide. In the frontal plane, a stable ankle prevents

the larée hip and knee extension forces from being dissipated in
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Pattern of. skate cuts
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Skate cut from the
fourth ice contact.
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stretching the ligéments gnd tendons of the gnkle and bending
the skate boot. . Excess pronation 1iﬁits propulsion because of
impfoper alignment of the foot and leg in the frontal ‘piane
(Hunter et al, 1981). .

The subjects in this study showed a smooth, controlled
increase in pronation over the first 50% of contact time (Figs.
6 and 7)., ° If pronation. was controlled only by liéamentN
structure and sffte support, then a rapid increase }n pronatipn
upoﬁ yeight . bearing at touchdow#“\wdul be expected; The fact
that égis didﬁ't‘ happen, even with tge skate which provided no
lateral support, is evidence that the pronation taking place was
under muscular control ‘aﬁd that‘the forces produced during leg
extension were not dissipated in collag§ing the ankle 'join;.
This also indicates that the.purpose of pronation 1is not to
increase the blade angle (tilt of the blade from the vertical)
early in propulsion. It had been §uggested by the author that
this action might 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 conta;t perioé, and perhaps to
store some energy in the musculature and ligaments for recovery
during this supination action. -

In the sagittal plane, dorsal flexion serves to lower the
body's cen;er of mass ghd thereby increases the doﬁponent }f the
ice reaction force vector in the horizontal directioﬁ (Mann &

Hagy, 1980)+—1Inm this study the subjects made ice “%ontact in a

state of dorsiflexion and increased the degree of dorsiflexion
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throughout the TDﬂHO phase ;6fgs. 4 ;ﬁd"S). The inqrease'in
dorsiflexion serves to keep the blade flat on the ice wpile the
skater's center of mass moves forwaré relative to the skate.
Keebing the blade flatjon the ice, with the'applicatio% of force
well back from the front of the blade, minimizes the frictional
force on the blade (van Ingen Téchenau & Bakker,-1980) and gives
the skater better control over the skate's glide. Perhaps the
observation in this. ;tudy thét the skater's centér of pressuré
began to move forward on the blade after about 50%  of contact
time is an indication of the 1limitation of dorsal fLexioﬁ

allowed by the skate. o

\bse~of the test skate did not increase the degree of dorséln
flexion reached by the skaters, In fact, subject 1 underwent
significantly less dorsai flexion with this skate compared to
the -conventional skate. It should be noted that the lacing
systems and the tongues were identical inl both skates and it
appears to be these areas which establish the- limits of dorsal
flexion” motion. The manheg in which the  _skaters tied their
skates was not controlled; perhaps subject. 1 tied his skatef
tighter in the test skate condition in order to compensate for
the perceived léxity of the skate boot. This might explain his

*

decreased dorsiflexion action with this skate.

.Another purpose for dorsiflexién during the TD*HdﬂpLase is
to increase the range of motion for the upcoming planEar flexion:
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 prepa;ation for the following contraction of the

-

G plantar flexors.

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

o~

anterior portion of the skate blade through further lateral
s rotation of the hip. This action increases t&p angle o{
propulsion, as the graph from Roy }1978) (Fig. 2) suggests. 1In
this study, HO occurred about 80% of the way through totai
contact time on the fourth st{ide. The 1increase in angle of
propulsion was apparent on Hﬁé film taken with the postefior'
camera. The advantage of this movement is that, as was poiﬁted
out earlier, ‘ap.. increase in the angle of probulsion results in
an increase in the component of the ice reaction force in the

forward direction. Furthermore, the ice cut becomes very deep

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

-

surface on the ice, and this 1likely increases the frictional
—force available to the skater. As a result, the skater does not
‘ have to push perpendicular to the skate, cut; a much more.

rearward directed force is possible. This corresponds to the

visugl impression noted by Marino (1979); that acceleratin§
skaters appeared to extend sfraight back from the hip during the
first few strides. |

Forward impuylse is enhanced during the HO-TO phase throgqh
0 plahtar flexion and supination. This corresﬁonds to the time in
the stride at which skating coaches emphasi;; maximum ankle
extension (Hockey Canada, 1975;\Mafcotte, ~1978); I'n studies of
sprinting, Mann & Sprague (1980) and Mann (1981) have shown that

plantar flexion during this phase contributes sign}ficantly to’

"

o

v
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forward impulse. High plantar flexion and suplnatlonwvéloc1t1es

during the HO-TO phase were appareht for the subjects in this

.study, as debicted in Figs. 4 - 1. Sd;ﬁr;singly, in the
‘conventional skate condition, the subjects usyally" did not
‘plantar fleg as far "as a neutral standing position (115° to
120°), suggesting that, despite the emphasis in the coaching
"literature, even these advanced level subjec;s were not
extending fully at the ankle. Apparently, following a forceful
muscular contraction of the plantar%¥1exor§,64pund the time of
\HO which rapidly 1increased the ankle\angular Qelocity, the
impulse provided by the?ankle decreased considerably.. In the
test skaté'condition, tHe greater plantar .flexion velocity and

diqplacemeht imply that more impulse’occurred in this case.

‘ . \
These interpretations are supported by observations of the

linear skate velocity near the end of the contact period (Fig..
8, Table .7): The HO-TO action consists of pushing the, toe of,

the skate back away from the skater's motion. This action ‘'slows

down the speed of the skate,- and the magnitude of the velocity

‘decrease .is an indication of this'rearward push. The velocity

"

‘decrease illustrated in Fig. 8 indicates that the skater was

pushing back against the ice'during this phase, .and this
backward push appears to be larger 1in the test ;kéte condition:
Thus it appears that the test skate condition resulted«in mofe
of a forward impulse during the HO-TQO phase. |
The small absoluté velocity.of the :skate at the -end ok the

contact period makes the increase in the angle ‘of propulsion

difficult to digcérn from an ice cut left in the ice. From the

3

J
voe.
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graph in Fig. 8; it can be esti@ated that the skaté travels less
than one skété—leﬁgfh during the §hort HO>~TO phase.

As an accelerating skatef gains speed, the ankle extends

‘more quickly; and the mdscdla;ure is less capable - of exerting

rforcé against the ice (Winter, 1978). Eventually, khe skater

reaches a speed wlien he or she cannot push back against the ice

as quickly as the 1ice itself 1is moving away relative to the

’ ;kater. The toe of the blade will 'catch' 1in the ice, and a

braking rather than a positive impulse willx be applied (van’
Ingen Scheniju & Bakker, 1980). in short, the ankle plantar
flexion and s&pination which.occur during the HO-TO ﬁhase have a
decreasing imgoétance as the skater picks up speed, and a poin;
is reached when they can actually be detrimental to the skater.
However, hockey skating generally irfvolves intense accelerations
rat relatively low velocities (Dillman et al, 1984),. and ankle

T ‘ s
plantar flexion and supination should be regarded as important

" skating components. A

@r\ -

>

The HO-TO impulSep is important not oif®y -«because therangle
of propuléion is greater during'this phase, but also because the
lean of the skater in the frontal plane 1is greatest at this

k2
time. During the course of the stride, the skater's center of

. mass moves away from the skate - because the skate and the center

of mass are moving in different directions. Thé Zice reaction
force is directed appfoximately from the skate to the centef of
masg. The angle of lean in the frontal plane is defined as phi,
the angle that this vector makeg with the wvertical, and the

horizontal component ~of the ice reaction force F is given by
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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
dorsiflexion, as well as increased hi§ and knee flexion, lower
the center of mass élqng the y axis, and this also serves to
increase phi. The resulting .forward horizontal component of the
ice reaction force (the desirable component as far as the skater’
is cohCefﬁed) {s given by F(sin phi)(sin theta), where theta is
the angle of propulsion,

The folloﬁing is a summary of the role of the ankle‘in the
acceleration phase of forward skating, as~;uggested by the
preceeding model and supported by the data from this study.
During the TD-HO phase, the ankle must be stable in the frontal
plane to allow transmission to the ice of the forces resulting
from hip and knee extension without dissipation, Some
controlled pronation does occur in order to increase the range
of motion for later supination and possibly to store energy in
the lligaments and musculature: In the sagittal plane, the
skater touc@es down in a state of dorsal flexion, and the degree
of dorsal flexion increases as the skater strives to keep the =
blade flat on the ice while he or she moves forward relative to
Ehe skate. The dorsal flexion also serves to lower the center
of mass, theteby increasing the angle of lean early in the

+

stride, and it increases the range of motion for later plantar

< b

flexion. A sudden increase in dorsiflexion occurs just prior to

HO, 'possibly to activate the plantar flexion musculature.

As the heel comes'off the ice, the skater turns the skate
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FIGURE 10.

CENTER OF -
*x MASS

Three dimensional representation of the ice

“ reaction force vector F. The origin 1is the

skate; the x axis gives the direction of the

skate's glide. The desired direction of

motion of the skater is to the right. The

horizontal -component of the 1ce reaction force

i8 along the z axis. ‘ A
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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 impuise: A
great deal of this ice reaction force comes from ankle flexion
in both tﬂe frontal and sagittal planes, primarily from plantar

flexion,

5.2 Total Body Parameters

| Several variéblés were meésured for desériptivg purposes’iqh
order to assess any differences in total body .motion brought‘
about by the experimental Jintervention. These variables
included ntl;e change 1in 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 Bl 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 1in the sagittal plane of the skate during the HO-TO
phase, since the ice reaction force igfperpendicular to this
plane (although, in realityv some acceleration will occur
because of gravitational torgue when the center of mass is not
vertically over the skate in this plane). However, at the time
of HO,..the angle of propulsion increases so that the ice
reaction force is no longer perpendicular to the plane of motioﬁ

seen by the laterally located camera. As a result, some

acceleration of the center of mass should be apparent 1in the

“
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film taken with this camera. Furthermore, the degree of
velocitylchange 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 representation’
of the centet of mass for the purpose of cohparison bet;een
conditions.

The trochanter velocity of subject 1 was found to increase
by 0,37 m/s with the conventional skate and 0,60 m/s with the
test skate during the HO-TO phase, while the corfesponding
numbers fé} subject 2 were 0,61 m/s and 1,04 m/s. A grgat deal
of intertrial variation was evident with all measurements.
However, despite the shortcomingg of these data, it was“%pparent
that a considerable increase in velocity took place during the
brief HO-TO time interval. There was a definite tendency for 1

éreater HO-TO impulse to occur in the test skate condition.

These results are consistent with and supportive of the proposgd
model. ‘

The model pointed to the importance of body lean 1in the
frontal plane as an impo;tant factor in maximizing horizontal
impulse. A measurement representing this lean was made by

determining the angle formed with the vertical by a line joining

~

the skate blade and a marker placed at the center of the
posterior thigh, just distal to the gluteal crease. This
measurement was made at the time of HO. An unexpected and

substantial decrease in the angle of lean was observed in the
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test skate Fondition for both subjects. With the removal of the

" ankle supp#rt provided in the conventional skate, the |lean of

subject 1 decreased from 29,0° to 24,9°, while that of stibject 2
decréased Jrom 27,1° to 22,4°. Because of the importance of
this factor, it was decidea to run a statistical test,|and the
difference}was found to be significant at the ,05 alpha level
for each s#bject.

These:results imply that the removal of ankle support made
the subjectgﬁﬁéss willing to lean in—;he frontal plane and push

l ‘

themselves laterally. Although the removal of mediall ankle

support dib not appear to seriéusly alter the skatefs'|ability
to control pronation, it clearly hindered their ability ko apply
force in Lhe lateral direction. The question is raised as to
whether o% not the 7 hours provided in this study for the
subjects t$ accustom themselves to skating without ankle supp&rt
was sufficient. This cannot be answered in the context of the
present study. What is clear is that the skate;§ changed thgif
skating st%ategy, relying less on the lateral ice reactipn force
during thefTD—HO phase and taking advantage of the greater range
of motion afforded by the test skate to achieve greater] impulse
during the; HO-TO phase. These alterations apparently balanced
out for the skaters; it will be recalled that the accelleration

performance scores were not different for the two copditions

¥4(
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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 skater's
motion. McCaw wused the lateral heel of the skate boot as the
vertex for his ankle angle while the present study used the
lateral 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 anklé angle of
82°; results in the p}esent study varied from 81,6° to 85,5°.
This corroboration suggests that McCaw's data were correct, H{s
novice subjects had a mean minimum angle of 89°, indicating that
they underwent less dorsiflexion. In the model presented
eérlier, it was seen that dorsiflexion lowers the center of

mass, allowing for more effective wutilization of the ice

reaction force, as well as increasing the range of motion.

- However, the elites in McCaw's study had a smaller range of

motion than the novices, reaching a toe-off plantar flexion

value of. only 97° compared to the novices' 109°. 1t 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
confounded by the three dimensional nature of the skating motion
and therefore suspect. The degreé of error inherent in his
measurements cannot be established at this time, but his results
are consistent with the modél presented in section 5.1 of this

(= ]

study. The model indicated that plantar - flexion would have
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decreasing genefit 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 Dbeen no studies in the literature which have
measured pFonatidn angles while skating. Bates, Osternig,
Mason, & James (1978) measured frontal plane ankle angles for
runners, and determined that the maximum degree of pronation
reached duringhground contact was typically between 5 and 10°,
slightly 1less than the wvalues found 1in skating. -Runners
typically reached a supination anglé of 20° at TO, while the
tendency of skaters to supinate beyond the neutral position was
minimal. The reason for this i simple: while runners can
achieve impulse with positive supination, the lever action
involved in skating becomes negligible beyond the neutral
position. <

, Angles of propulsion for accelerating skaters have been
mea;ured by Lariviere (1968) and Mérfno«ﬁ\ 83). Both authors
used a heterogeneous samplg of hockey players. Lariviere
measured a mean starting angle of 68° followed by 59°, 44,5°,
and 34,8° for the iigst three contact periods, while Marino
found the average fo the first three contacts to be 40,5°.
Botﬁ sets of data are consistent with the 32° noted for the
subjects in this study for the fourth contact period, and the
decreasing angle of propulsion is to be expected based upon the

model presented earlierﬁ

»? Measurements of stride rate and velocity are consistent
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with those reported in the 1literature for advanced. to elite
accelerating skaters. Greer & Dillman (1984) reported the
instantaneous velocity of elite skaters at the 6 m mark of an
acceleration task to be 7,0 m/s, while the skaters in this” study
were travelling at 6,1 m/s, as estimated by SL/ST, at about the
5 m mark (the approximate midpointlof the fourth stride). Greer
& Dillman measured a stride rate of 4,02 /s; at the fourth
stride in this study the mean rate was 3,98 /s.

The corroboration between this study and other studies in

the literature suggests that the kinematic pattern described in

this study is typical of advanced level skaters.

4 'lJ ! 5
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CHAPTER VI

SUMMARY AND CONCLUSIONS

I

Very little scientific research has focussed upon the role

of |the ankle  in power skating. A review of the literature

1

indﬂéated a great deal of confusion regérdingqits function. The
purpose of this study was to guantitatively document the
kinematic pattern of the ankle in a maximum intensity skating

acceleration task. The second major concern of the study was to

assess the.,.effect of removing the ankle support normally

provided By hockey skates on the kinematic pattern. Hypotheses
were designgd to compare a conventional skate and a skate which
provided no ankle support on the following criteria: maximum
dorsiflexion, maximum plantar flexion, maximum pronation, and
maximum plantar 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. Twé Locam 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 tﬁe 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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molded plastic skate, and a test skate which was identical to

‘the Medalic in all respects except that it gave no support above
\\

the talus. Subjects underwent 10 trials with each condition.
Marked anatomical landﬁarks were digitized and then analyzed
using the McGill Biomechanics Laboratory's kinematic analysis
programs. Statistical evaluation bf 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 rejectién of
the statistical hypotheses. - The two dsubjects*were analyzed

A

separately.

6.2. Findings
‘ Analysis of the data and testing of the statistical:
hypotheses revealed the following results: '
1. The skaters touched down-in a position of doréfflexion,‘and
dorsiflexion increased during the touchdown to heel-off
" (TD-HO) .phase, reaching a maximum value jyst before heel-off.
Significant differences in maximum dorsiflexion between
'conditions for S2 were not found, although S1 underwent
significantly less dorsiflexion in the test skate condition
than in the conventional skate condition. . |
2. Maxiﬁum plantar flexion occurred at TO. The subjects
frequently failed to plantar flex as far as Fhe neutral
(standing position) ankle’ angle, particularly when the
conventional skate was worﬁ. Maximum pléntar flexion was

greater for both subjects.with the test skat§ condition.

Statistical significance was obtained for Sl but not for §2.

:
t
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3. Maximum plantar flexion velocity was reached during the HO-TO

é:,4 ' ’ phase. "'High velocities were reached in a very short amount
of time implying large angular accelerations around the time

of HO. Maximum velocity was gréater when the test skate was

worn A than when the conventional skate was worn for both

. ' subjécts. Differences between conditions were statistically
significant for Sl.but not for S2. _

4, The subjects‘éontacted the ice in a position of very slight
pronation. Pronation 1increased during the TD-HO phase,
reaching’a maximum prior to HO. There was a greater degree

R of pronation in thg tes; skate condition for soth subjects,
Differences were gtatistically significant for $2 but not for

S1. ‘ ,
5. The subjects reached high supinatibn velocities during the

g:)' HO-TO éhase, implying thgt large angular qccelerations

occurred at the time of HO. The maximum supination vélocity
was greater for the test sgate ihan for the conventional
skate %or both subjects, Differences were statistically
significant for S2 but nofgfor S1.

The kinematic patterﬁs were very similar for both

~a

conditions. Temporal aspects of the étride (e.g. TD-HO time and
HO-TO éime) were not altered by the experimental intervéntion.
The test skate condition was characterized primarily by a
greater range of motion and a‘hiqhgr angular velocity during the
HO-TO phase than the conventionalrskate in both the sagittql and

A

\ , R
frontal planes. .- . n

o " Further analysis indicated that the 1linear velocity of the

-
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skate reached é-smaller minimum value during the HO-TO phase for
the test skate than for the Medalic, and that the angle of body
lean in the frontal plane was less }ér the test skate condition.

Large within-subject va;iances.ocqurred for all variables,
hinting at a comblex interrglationshié amongOa large number of
components™®hich affect the execution of thisigask., |

3 [

6.3 Conclusions

¢

The limited scope of the study and -the lack of consistent
statistical 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 important and measurable amount of motion at the ankle

takes place during skating acceleration in both the sagittal

and frontal plaﬁesy
2. Displacement in thellsagittalc plane p;imarily consists of
dorsal flexion. Skilled ékaters 'in conventional skates do
. not Msuallyf plantar flex as far as the ‘ﬁgutral (standing)
ankle angle. ' _ : &
3. Pronétiop is under husculér control in skilled skaters.
4. The angle of propulsion increases during the HO to TO phase.-
5. Greatest plantar flexion and supination velocities ‘oécur
during the QO—TO phase, éignificant forward impulse is
applied to the skater's center of mass through ankle

extension during this phase, which comprises the last 20% of

. .
contact time.

- 6. Decreasing ankle restriction results in an increased degree

-

x.
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of motion in  all directions  except dorsiflexion.
d:} ‘ Doréiflexion app;ais to be-limiteg_by the lacing of the skate

‘and the tongue.

A 7. Decreasiné aﬁklé restriction results . in higher extension
velocities duéing the HO-TO phase, providing a 'greater
forward iméulse dﬁrrng this phase than the restricted
condition allows.

N 8. Less body - lean in the frontal piane takes place when the
ankle 1is unsupported. This results in decreased forward
impulse during the TD-HO portion of contact becguse of a
smaller horizontal component of force.

9. The connection between decreased ankle support and decreased
- frontal plane lean is unclear, It is suggested that without
medial .support the point of force application on the ice is

'€:§’ \ " less stable. The/skater, who must also be concerned with

balancé, shifts his skating strategy slightlydtolrely more on

,"‘ , . _ the HO-TO phase for his forward impulse.

6.4 Implications of ﬁhe Study

Pronounced dorsal flexion is a critical and characteristic
. v

element of skilled skating technigue. Coaches should emphasize
this aspect to their skaters. Desbite the insistence in much of
. - the coaching literature for full ankle extension, the ;kﬁlled
subjects in this study did not forcibly extend (plantar flex)
their ankles beyond the neutral position. Coaches have
apparently bgén unsuccessful 1in teaching this skill. Since it

)

0‘: | was shown that plantar flexion contributes substantially to

!

. j
/

1
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forward impulse in early acceleration, more of an effort to
teach this technique to developing skaters needs to be
undertaken. In light of the strong possibility that ankle .
extension is detrimental to maximal wvelocity skating,',;
distinction needs to.be made' between acceleration skating and
high velocity skating. ‘
Evidence presented in this stﬁdy suggests that ' the skates
presently‘ employed by elite hockey players fail to maximize
skating performance because they 1limit plantar and dorsal
flexion and 1limit supination. Skates 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 Suggestions for Further Research

Review of the results from this studyrindicates directions
for several closely related research initiatives. Dorsal
flexion was isolated as an 'iﬁbortant cbmponent in* power skating
technique. However, the experimental intervention failed to
interact with this wvariable. A replication of the experiment,
except with no dorsal flexion restriction provided by the lacing
or tongue of the test skate used, should be undertaken to assess
the effect of this variable on the skating impulse. Another
guestion raised by this study is the degree of importance of the
HO-TO ankle plantar flexion action as the skater gains speed,
and in particular the point at which Pthis action becomes
detrimental to skati?g performance. There appears to be a need

to 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 acceleratioQ
task. As a final area of investigation employing a similar-
experimentaﬁ setup, the study should be replicated with skaters
of different abilities so that the process of the development of
; mgkure skating pattern can be documenﬁ?ﬁ.

.There is a need to study the dynamics Of. skating
acceleration directly, 'rather than to infer what iz happenﬁng
from ‘measured kinematic variabies. The relationﬁhip' between
kinemati; pgtterns and total body motion is not as well
understood as it should be. The development and depioyment of
préctical sub-ice surface force platforms or within skate force
measuring devices would be of enormous assistance in providing
solid insight into the qQuestion of how people skate.

r
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APPENDIX A

INFORMED CONSENT FORM

NAME (print):

The study you will participate 1in 1is 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:
10 wearing a regular skate and 10 wearing a specially
constructed non-restricting test skate. You will perform in
shorts, with contrasting markers placed on specific
anatomical landmarks, and you will be filmed with a high
speed camera.

You may discontinue your participation in the study at
any time, simply by asking to do so. That 1is, you <can
refuse to complete one or all trials, or you may ask to have
your filmed trials destroyed before analysis. You may also
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 TRIALS TO BE USED FOR™PURPOSES OTHER -THAN THE PRESENT
STUDY, DRAW A LINE THROUGH ALL CAPITALIZED LINES.) t

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 all your
questions concerning the study have been answered.

Signature:

Date:




APPENDIX B

TABLE Bl

Increase in Trochanter Velocity (HO-TO), Lateral View
(velocity in m/s) :

Subject Skate Mean Std Dev “
1 test 0,60 0,49
Medalic 0,37 0,45
2 test 1,04 0,58 ‘
Medalic 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
/l
1 test 24,9 3,9
4 Medalic 29,0 2,9 x
2 test 22,4 3,9
5,0 *

Medalic 27,1

* Difference is significant, p < ,05 ’ T
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