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ABSTRACT ~ o -
./ ~ -
This Jnvestilgation was under'taken, to determine the effectlveness
of‘f‘weighted 'hockey sticks In overloading selected muscles involved in’ the
executlon of the ice hockey snap shot. E . PN

Four varsity hockey players performed snap shots using a control

hockey stick and three weighhced experimental sticks. An EMG investigation -

‘was conducted on six muscles - the/pectoralis major, triceps brachii,

flexor carpl ulnaris, biceps‘br'échii, teres major and rhomboid major.
. \ .

The measure of comparison was the computer calculation of in’cegrated
4

sums.

All three experimental sticks placed an cwerload on three of six '
muscles tested - the pectoralis major, rhomboid major and teres major.

All six muscles we rloaded by the stick wilth the weighted blade

¢

and biceps br'acr;ii falled to respond to

any overload provided by the.two remaining experimental sticks’
o,

N -
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RESUME \

Cetté &fude avait pour but de déterminer 1'efficacité de bitons
\ de‘,\ hockey avec poid; dans le surchargement de muscles sélectionnés et
impliqués dans 1l'exécution du lancer ﬁi—frappé au hockey sur glace.
, , Quatre joueur:s de hockey interuniversitaires ont effectué:

¢ \

les lancers mi-frappés utilisant un biton de hockey contrflé et trois
bitons de hockey expérimentaux avec poids Une étude de 1'EMG fut
réalisée sur six muscles - le pe/ctoralié major, le triceps brachii, le

flexor clarpl ulnaris, le biceps braéhii, le teres major et le rhomboid
A ‘ [
mjor. Ile calcul des sommes intégrées fait par ordinateur servalt de

-

mesure de comparaison. _ k .
Les trqis ‘5§tons expérimentaux produisirent un effet de surcharge
‘sur trois des six muscles évalués - le pectoraJ:is major, le rhomboid -
major et le teres ﬂmajo‘r. Tous ies six miscles furent surchargés par les
batons possédant une lame avec poids et seulement le triceps .brachii

et le bilceps brachil ne répondirent pas & un effet de surcharge provoqué

par les deux autres bAtons expérimentaux.

Etudes Gradués

Faculté des Sciences de 1'éducation . Herbert W. Madill
Université McGill M.A. (P.E.)
Montréal, Québec 'décgnbre, 1979
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CHAPTER I'

-

INTRODUCTION

A

The purpose of this study was to investigate the effects of

IR R e e

\ welghted hockey sticks as a functional overload on selected muscles
. involved in the execution of the ice hockey snap shot. .
i : In recent years Canadians have begun to realize that our

5, reputatlon as world leaders in ice hockey 1s at stake. In 1971, after

ety e h R A3 of P Al 3 ad it £y XK

" review of the literature of hockey research conducted during the

- 'previous two and one-half decades, De Stefano stated that advanees ‘ !

made In that time had been more pol:Ltical than scientif‘ic in nature

-(De Stefano, 1971). 1In the application of hockey research, there has

. been 1ittle change since the year 1971. It is obvious that in ' :

AP S ORI TR e 1
w

Ry

neglecting the scilentific approdch to improving hockey skills we

¢. . .
% " have allowed other countries to close the gap. :
¥ a !
o ° N . ;
%‘ To date, te_chniques adopted for the development and improvement o
§ of shooting skills have been implemented on the basis of empirical

s

observatlons. As a result, there are corJflicting opinions as to
which warmm-up method, if any, is best. Electromyography is a reliable
means of determining the muscles invc;l\red*in a given movenént and the

extent to which they are involved (Basmajian, 1967). Since there is | ;
a/neéd for biomechanical data to support or refw;:e traditional claims,
it wa.sK decided to use EMG to determine 1f welghted hockey sticks place
! a functional overload on selected skeletél museles of th‘e_l upper limbs

G that'are involved in' the snap shot. ’

SR AP MR AR ST T T S 0 S ST 0 8 T Wt WA B R e 4 o ey S LSO
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The snap shot was chosen for this study because it co;nbines the
positive characteristics ’of both the wrist and slap shots and it is

becoming the most popular shot in hockey.

Statement of the Problem

¥
~~

The purpose of this study was to determine if any of three
differently welghted hockey si;icks act;ed effectively as a functional
overload on upper limb skeletal muscles during the execution of the
ice hockey snap shot. The muscles investigated were the pectoralis

major, triceps brachil, flexor carpi ulnarls, biceps brachli, teres

major and rhomboid major. ' S —

s

The mecasure of miscle response used to compare the effects of
, ) . .
experimental welghted sticks with the control stick was the integrated

sum.

.

Rationale °

This study will provic‘ie' evidence as to which, if any, welghted
hockey stick is most effective in overloading the 1dentified muscles

involved. Hopefully, 1t will provide some impetus for' further studies

J

in the sport of ice hockey using EMG and other/biomechanical techniques

Limitations

. )
1. The use of surface electrodes Jimited the cholce of muscles- which

could be investigated to superficlal skeletal muscles.
‘ ;
2. The high cost of computer time necessary did not allow for the

testing of a large number of subjects.
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N .
. drawing the tip of the blade back 12-18 inches beyond the puck before

Delimi tation f
= .

- 1. The welghted puck was excluded from the s‘m{xdy as an experimental

device because of the ballistic nature of the snap shot. The muscles {

. involved initiate contraction before actual contact 1s made with

the puck.
!

Definitions

\

Hockey Related:

Snap Shot: A shot executed by ralsing the heel of the.stick.blade and

flexing the sts and driving the blade down and through the puck
contacting tAe ce at a point just behind the puck.

Slap Shot: A shot executed by taking the hockey stick back a consider-

able distance bghind and above the puck thip height, shoulder height or

even higher) then bringing it forcefully down contacting the iee at a

P -
Wrist Shot: A shot exequted by drawing the puck back behind the body

it forward across the front of the body
keeping the blade of the stick in contaet with the puck throughout

the shot.

-

e

Bottom Hand (shooting hand): The hand placed down the shaft towards
i

L

the blade of the 4stick. i
Top Hand: The hand 51%‘)ositioned at the end of the shaft of the stick.
Back Foot: The 'r'lght':'\ foot of a person shooting right-handed.
Front Foot: The left floot of a person shooting right-handed.

i
B B gtk 3 e DTk € S S e
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‘Definitions (continued):

Biomechanics Related: ‘ -

" "Ballistic Movement: A high velocity movement of a body part or limb

@

through a range of motion assisted in part or whoéLly‘by Tomentum of

that part through the range of motlon.

Electf‘r’omyography Related:

Electrbr'rwography (EMG): A technique for recording the electrical changes

_that occur in muscle tissues. ‘

Muscle Action Potential (MAP): The measurable electrical potential

‘ generated by a muscle.

Motor Point: That point within the body of a muscle which causes the
maxinum muscle response when stimulated electrically, ie. 1t is the
most excitable area of a muscle.
Amplitude: The size of the ele‘ctromyographic response to a given stimulus
in a muscle mezsfsured in millivc;lts and desdribed by the helght of the
splke above tile baseline. ) !

Frequency: The number of emg responses in a muscle to a‘given stimilus,
described by the number of spikes on the EMG per unit of;time.

Functional Overload: The overload on a muscle during the actual movement

phase of a skill pattem.

Integrated Sum: The time integral of the absolute value of the signal.

1

! ~
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Iist of Abbreviations

AC
" ADC
ASR

BBLH

eng
FCU

IDVM

S/H
SMC

TBMH

)

. alternating currer;t
analogue to digital cpnverter
automatic send and receive terminal
biceps brachii (lopg head)
direct current
program (disc to magnetic tape)
electromyography
electfoqwographic (ad].) “
flexor carpl ulnaris

¢

integrating digital volt meter
muscle action potentilal \
program (magnetic tape to dilsc)
pectoralis major (clavicular head)
rhomboid ma,jo\r ’

root mean square °

sample and hold
| skeletal muscle contraction

triceps brachii (medial head)

teres major /

p
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CHAPTER IT K :
3 REVIEW OF THE LITERATURE R
4 o |
¥ A review of the literature covering the past twenty-five years §
¥ .
failed to produce evidence of one study performed on ice hockey through %
$ the use of electromyography. The following review of literature, there- g
; fore, focuses on related sports skills and other studies which have ¥

been, performed in the area of miscular contraction.

et FY mcanal WO

Selection of Contributory Muscles

o

Since the mechanics of some sports skills are similar to those

In others, it is possible to relate work done in.other areas. Studles

functions performed by'a few selected muscle%;.:’:, There is no evidence

L
7z
%

|
3
by Hermann (1962) and Kitzman (1964) were designed to investigate the é
1

to show that 5 complete mechanical analysis led o' the selection of
" these muscles. Slatter-Hammel (1948), while looking at contraction- . i
movement relationships, found that data collected during his study ' [

disagreed on many points with the traditional kinesiological analysis

b s

of the golf stroke. The suspicion that this might also be the case !

\
in the ice hockey snap shot lﬁﬂis author in a number of directions

St P AL Ve 3

« before finally selecting sixjmuscles for analysis. °
Certain phases of the golf swing resemble the action of the snap
shot, especially in the right am (bottom hand). Slatter-Hammel (1948) | ;

found that the right pectoralis major contracted sometime after the

start of the downswing and continued up to or beyond irpact. There | .

“

L
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M was no evidence to show that the right anterior deltold contrit&ted
L to the acceleration of the 1imbs and club. ' \

Travill (1962) found the long head of the triceps to be quite

3 - inactive during active extension of the elbow regardless of the position
of the arm. In addition, he found-the medlal head was always active

' \
and appeared to be the prime extensor of the forearm. He also found

3 that against resistance, the lateral and long heads are recruited.

B
PR R .

;o - Basmajian (1967) noted that the brachioradialis does not supinate [:
: or pr:onate the extended forearm unless these mvéments are performed
, against resistance. Travill and Basmajian (1961) found that fast . o
supination in the extended position required only the supinator but
\ fast unresisted supination with the elbow flexed is assisted by the
{ action of the biceps. Basmaj 1an (1967) found that during supination of ¥

the forearm the long head of the biceps showed more activity than the

short head and that the biceps is generally active during flexion of
J the suplne forearm under all coneii;tions. Basmajian concluded that

in wrist flexion the flexores carpl radialis, ulnaris and digitorum’ *

PR R P S ST

f( superficialls act synchronously and none is the prime mover.
3 ) Basmajian (1967) stated that the rhomboid muscles (major and
minor) imitate the middle trapezius, being most active in abduction

and 1east during ea.r-ly flexion. BasmaJlan (1976) found that the

T, 4 e cee oA W

rhomboids retract the protracted scapula with considerable force and
, they turn the glenoid cavity dowmard, thus forcibly lowering the ’

|
ralsed amm.

v
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Basma,jilgéa (1967) describes’the teres major as one of the chief -

muscles acthlg‘;\upon the shoulder joint. Tortora (1977) says the teres

g

major extends the hurerus and draws 1t down and assists in adduction

a.n& medial rotatiorl of the arm.

o 1

- Choice and Placement of Electrodes -

R

\B e
Basmajian (1967) criticized trfze use of surface electrodes claiming

that their usefulness was, restricted to the investiéation of the inter-

s

| “play between widely seffarated muscle growps in prelirniﬁar'y studies.
However, Visser and De Rijke ( 1971!) said that ". . . with surface ,
electrodes a more precise jmpre,ssion 1s gained of the overall activity
of the entire. muscle. Needle electrodes register only the local activity
of a limited number of motor units at a fairly random site in the muscle."
Bouisset and Maton (1972) examined the relationship between the surface ’
EMG and the mtr'amscuiar EMG for voluntary isotonic contractions. Sub~

maximal movements of flexion of the right forearm were performed in a

e e

horizontal plane at various velocities and against 1ight inertia at T

T

voluntarily limited amplitudes. Three fine platinum wlres were inserted

i g

into the bioeps brachli around surface electrodes. The intmnmscularu

ERCHPAE SO N

~
lead—off‘s were algebraically added and their sum was integrated (QE).

y
!
¢
i

'I'he surface activity was also }ntemted (Q@). The existence of a

m , i

linear relationship between QE and QG was demonstrated. The relation-
: r

~3 le)ip was found for each subject and was independent of the velocity '

IS SR AR T

and Inertia opposed to the movement. A linear relationship was also

shown between QE and the work done (W). It was ‘suggested that the

B ae T WL m it e ke L% v A s § A e s Gl s I RSN e oSty o §WAiny e 208 = e = T s LT AT W IEHER agBainns L
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-activity ‘of muscle fibers near the surface is representative of all the
f\‘it\aers involved in the given act‘ivity.. The linearity of the relationship
be\tween QE and QG also seemed to sig;nifyfthiat) each measure of QG was a
measure of QE multiplied by a comstant -coefficlent.

Inman‘ (1952) found a parallelism bétween isometric tension and
integrated EMG irrespective of whether measurements were taken using skin
electrodes, wire electrodes or coaxial.elec’t:mdes. Lippold (1952) also .

found a linear relationship between tension aﬁd EMG recording even

“

though he used '"non-standard" &(sitions for placement of the electrodes.

As long as the two recdrding electrodes were slted over the muscle belly

or 1ts tendons, the linear relationship was observed. '

1

In concludjxfg a discussion of the relative merits of surface

and wire eledtrodes, Grieve (1975) stated: »

!

"Whether experiments are done by the medically qualified
or not ,\the ethics of leaving wire fragmentsiin the
body and resorting tc¢ radiographs to locate the elec-
trode sites for non-clinical purposes seems questionable
to say the least. The reader would doubtless refer to
the published work . . . but it may be that surface
electrodes are not only safer, easier to use and more
acceptable to the.subject; but for superficial muscles °
at least, provide a degree of quantitative repeatability
@ that compares favourably with wire electrodes." -

Instrumentation

Electromyographic apparatus has become much more soghisticated
since 1948 when Slatter-Hammel investigated the golf stroke. Kitzman
(1964) used a Gras/{ electromyograph equipped with four channéls of

amplification and four ink writing instruments. To prevent atmospheric

- . .
.
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eléGtrical interference from being reé:orded, the subjects performed

an electrically shielded room. Hermamn (1962) used similar' equipmenf

in his analysis of the shot put. Grieve (1975) stated that “It 1s

e e o m———

10

in

increasingly the practice to qugntify the EM3 in some way e.g. integrate

or count spikes. It 1s a wise precaution to obtain a visual record at —-

|
the same time a3 a check that the signals are normal in appearance and

free from artifact. The quantification places a much higher premium
upon such factors as stabilit;z and’ linearity. The capacity for

simultaneous quantification of several chan_ne\lsv on-line with hard

Nt M .
wired devices, apart from its expense, may prove very restrictive.

-2 B
As far as the quantification of phasic electmnwographic signals is

concerned, there is no. general agreement at present as t‘o the most
suitable technlque (or‘'even whether a quantitative result is more
useful[ than a visual judgement). In thg present state of the art
it 1s advisable for laboratories to choose general purpose r'-ather“

than specialized electromyographic equipment: Inpvestment in qustom-

bullt multi-chamel machines which are only capable of performing one .

type of quantification is not justified at present."

Grieve (1975) suggests that "'Ihe\flexible approach at modest
cost 1s to use an F.M. tape recorder and process the data either by
multiple replays through s'elected‘single chanmnels of custom bullt
analogue analysers. An alternative 1s to digitise the information
and usé a 'smal;l€ general purpose cox;puter to process the data. A

digltised record gives enormous flexibility to the processing of

»

w

}
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EMG data. If sufficlent storage capacity exists then the same signals

o
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can be processed in many altiixiative ways. - The cost of amplifying,
digitising, processing and storing multl channel EMG data can be very

high indeed.

« « Final results d;'zn.in Indlan ink on a Calcomp plotter may be very

beautiful but the laboratory staff pay Pea-\(ily for it in time and machine .

involvenent. |

S '
. . Much wider agreement about the gignificance of a quantitative

result, i.e. its repeatabllity, applicability and predictive value, 1s

needed before standardised machines are accepted. The modest mzmbe%*

- of laboratories with access to the large digital machines can make a“

useful contr'ibutic;n here, not particularly by making kinesiologipal '
discoverjies\but by exploring the relative merits of simple analc;gue ’
or hybrid EMG, andlyses which can be similated in the Pirst instance
by th;a large general pﬁrpose m_achine. The sooner thié phase in the |
development of electmrm;'ographic kiriesiology 1s over the better as |
far as standardisation and effective communication are concerned."

Today it is possible to wire subjects' djrectly'to a camputer ‘
by means of a belt worn around the waist and a lead-off cable. EM:z /
potentials are digi;cézed and recorded on magnetic tape where they
are stored until further anélysis lis required. Data can then be
transferred @to compﬁ’.cer disc for plotting ‘and numerical analysis.
Sophistication of equipment now allows EMG studies to. bc_e performed :

without traditional electrical shielding. L

oot
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CHAPTER ITI ' :
i EXPERTMENTALS PROCEDURES
o ’ '
. © Subjects ‘ 4
B

Four male hockey players proficlent at the university level served

a8 volunteer subjects. All four subjects were members of the MeGill

i TS Kot TS AR s S | i

9
’; Rednen Varsity team and all were right hand shots. Subjects were
: selected on the basis of height and body type to ensure that stick . :
' length was comfortable for each and that excessive adipose tissue levels 1,
f .would not interfere with muscle to EMG electrode cormections. All ;
; ; subjects were cauc‘asian? ranged in age from 20 to 24 years, in height ‘
“ from 1.73 to 1.78 meters, in weight from 70.5 to 77.3 kilograms and
% ] in body faf; as per skin fold caliper measures from 8 to 14 percent. t Y
3 Experimental Apparatus R
§; | ‘z
1]

.« TFour identical pattern made pmfess\i{znal hockey sticks produced 5
by the Sher\wkood Hockey Stick Company of Sherbrooke, Que., were used in ﬁ
, the study. All were exactly 1.77 m in length measured from the top

of the shaft to the lower tip of the blade and originally, all weighed

exactly 443 g. Stick A was retained as the control device and the o
‘\Q:mfs were treated as follows: Stick B had exactly .91 kg of weight
Inserted into the shaft and equally distributc?d from t%e tqp of the
shaft to the bottom. Strips of lead ﬁape were q§ed to ensure the exact
weight increase and distribution. Stick C had e;cactly .91 kg of

welght distributed from heel to toe along the back surface of the

% (
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blade of the stick and the wéight was held secur:ely with white hockey

" tape. Stick D had a .91 kg welght located at a polnt:on the shaft

Just below the shootlng hand and 1t was held in place by "a collar

: \
made of masking tape. In all cases, the welght of the tape used was

v

considered. Table 1 indicates the stick codes,
. . ! , q
A normal 171.4 g Canadian Amateur Hockey Associatiol (CAHA)

official puck served as the projectile in each series of tests.

Experimental Muscles

Pilst studie% by this author consisted of mechanical and kinesio-
logqical analyses followed by extensive EMG investigation. A mechanical

analysj% of the snap shot determined the movement patterns, of the upper

linbs. For'a right hand shot, the movements on the right side are:

adduction, flexion, horizontal flexion, and medial rotation of the * -
humerus; elbow -extension; wrlst flexlon and supination-pronation of

the right forearm’. Left side imovements included: adduction, extensif)n
and outward rotation of the humerus; elbow flexion; suplnation of thé
leff forearm; and adduction of the scapula. Based on thee movements ,
EMG was. used to select six muscles (three on each side) which were
considered to be cmc;ial to the execution of the snap shot. These
muscles consistently demonstrated muscle activity in the exgcytlon

of the shet across all tested subjects.. Table 2 Indicates the cod_ing

\ , . -
of the muscles for the EMG analysis of the snap shot.
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TABLE 1: CONTROL AND EXPERIMENTAI, STICKS

\

it

§ COTE STICK .-
Stick A l Normal (control stick) s %
; . Stick B Welghted Shaft |
\ ‘ |
Stick C Weighted Blade -
k Stick D Welght below Bottom Hand - g
; 3
i ’ :
: :
; : |
TABIE 2: SELECTED MUSCLES FOR EMG ANALYSIS OF THE,SNAP SHOT '
; " ;
j \ | ir
i CODE . MUSCLE BODY SIDE EMG CHANNEL
L : ;
1 Muscle 1 Pectoralis Major (clavicular head) Right 1 ‘
4 A \ : co i
Muscle 2  Flexor Carpi Ulnaris Right 2 . 3
] é 4 1 | H
] Muscle 3  Triceps Brachil (medial head) Right 3 ;
: Muscle ! ‘Biceps Brachil (long head) Left 1 ',f
. i
' ‘Muscle 5 Rhombold Major Left \ 2 K ;
S Miscle 6 Teres Major | Left 3 f
’ P ) ;
b §
i ,
: | ;
¥
1 j‘ﬂir
| )
. -
n | \
\
4
o PP, sk TR R Lt aresdghte Fangpoms¥
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—&\ - Attachment of Electrodes

« Selection of Motor Points

1 Location of the motor points for each muscle was determined
according to (Quiring and Walz'fe%, 1967). A Multitone Stinml;u:or was
used to Jlocate the most excitable area of ﬁhe designated muscles wh:}ch
were then marked with a blue skin pencil and defined as the motor -

point. ' ' . . 5

Skin Preparation

1

: | The skin ategas on which thg electrodes were placed were first
shaved, rubbed with alcohol:*ﬁiin ‘opder to remove boés;j oils and then
abrade/d wit}h a Quinton Biocbrade until the skin was a pinkjlsh color.

A neutral (pH = 7.[)) electrol‘ytic jelly was then appliedﬁ,}(; the abraded
area and almost imediately removed. This-procedure reduces skj.rii
resistance and improves the ellect'r'ical conduction between muscle and
electrode cup. A Quinton Biotest Galva;'xorneter was used to ensure that
electrical resista.‘nce between the electrode and the skin was less thqn

1500 Ohms for \each muscle preparation. All tests were positive.

Two Quinton Biomed electrodes (16 mm di&meter, 10 mm silver-

’

silver chloride electrode cups with shielded 1.2 m leads) were,attached

to each muscle by adhesive discs after they were filled with the neutral

o electrolytic jelly. In addition, surgical tape was applied to further

secure the eléctrodes. A large loop was made in the electrode wire '

and the wire was “then secured to the skin to prevent movement of the
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avold experimental blas. See Figure 1. ' Lo

cup. One electrode was placed directly over the motor point and the

other was\‘?laced 25 m distally (measured center to center) such that

the two electrodes were in line with the direction of pull of the

omuscle fibers. A single gf'ourid electrode was used to help prevenf

60 cycle mtgrfemnce and was attached to the bony acromion process.
A o

The lead wires were arranged and secured on a walst belt so as not to

interfere with the subject's performance of the skill. o
\ . N

i
a

Testing Procedure . -

Since the computer would only allow the recording of four
chamnels at one tines each subjeci: was tested by right and left sides.
Three muscles on the left side were placed on three of four channels

f

on the left side of the belt. The fourth channél was shorted out:

The three remaining muscles on the right side were hooked up to three

of four chamels on the right, side. Again, the fourth channel was
shorted out. Tests on the left slde were _‘conduc'ted Immediatelyafter
testing the right side and vice versa. A wall switch consisting of
four plugs allowed an expedient changeover to the'four cha‘nnel 5peration

on either side. Subjects were systematically rotated into each of the K

experimental conditions. (right and left sides considered) in order to

\

3

-

e

.
o oy . \ ‘e

DA B R AN T THTSE N [l 1 T b SRR A | s - PO

\!, AL s B B BN ot

»
Fak T e v p ety
((‘

-
At e e

N
ek wsren LI Wb

,
Nt S8 e W AT D s he et 4

L WAL

N LR T N A




5 {
- t /

o

2

‘;’: { o
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i FIGURE 1. Subjects by Treatments Repeated Measures Desdgn ; 2
4 & P
% .

All subjects wore rubber soled rumning shoes and were asked to

#hand facing the target with thelir right foot on a line perpendicular
- - 9
to the direction of the shot drawn on the shooting board. The puck ?

Vas placed with its back gdge on thg border line 61‘ this same line.

3The stick was initially piaced dn the starting line elghteen inchés
bfahind the puck. This set-up was used to reduce lower body motioen N
"and put the c;nus on the upper body muscles concerned. One of the

positive characteristics of the snap shot 1s that it can be effectively )V\/-’—J

released with the welght on either foot.

7
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FIGURE 2. Relative position of subject on shooting (poard

1

Subjects were glven anten minute warm-up and familiarization
session with all sticks and testing began after a ten minute rest p/er'iod.
They were instructed to shoot (each puck with maxﬁmm/eff'ort and after -
the shot was made, to drop the stick immediately during follow through
and relax all upper body muscles. | e

The lab, located one floor above the computer center, wés equipped
with a starter l;uttgn wlhich actlvated the computer program and an
Indicator box with a iight which ecame on when the computer was ready

\ A

to accept data. The time between shots was from three to five minutes:
so the fatigue factor v.:as not of“ gre;at cocher'n. On;:e’the liéht was on 1
the subject st;aod over ’the puck (hands in position but totally relaxed
so that a quiet EMG baseline could be established) and was given the.
signal to shoot within a second after the starter button was activated.
A three second period was 5ilowed for each shot followlng acfivation

of the starter button. This made possible a pre. and po:z data baseline,
as the computer had to take iqnto account the offset voltage (half cell
potential) that was generated at the interface between the electrode

and the skin.
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\
/
Subjects took three shots with each of the four sticks for both

left and right sides - a total of twenty~four shots for each subject.

The shots were numbered and labeled according to stick and side (numbers

i

101-124 for subject 1; numbers 201-224 for subject 2, etc.). All data
was stored on magnetic tape. . All chamnels were checked at the beginning
of testing \I‘or each side to ensure that offséts were within acceptable
limits. This was done by plotting the first shots and reading the graphs.
Separate programs were used to transfer the data to disc (MI'TD) then to
plotter using DIMI' (for graphic copies of the data) and to disc, then

to digitizer using DIMT for numerical peak values: ) A special program

was ,developed (See Appendix B) to find consistem; sbtarting and ending
points for all muscle action potentlal readings. This program also“
included times for start, end and duration of contraction. Integrated
sum was the calculation called for as the measure of comparison because 1t
1s a measure of the total aétivity of the muscular contraction.

Myograms of the recorded muscle activity of shots using the control
and experimental sticks are shown in Appendix C. In the first example on
page U1, using the control stick, charmels"ﬁfl, 2 and 3 recorded the
electrical activity from PMCH, FCU, and TBMH on the right side of the
body, respectively. The start and end of muscle contraction, duration
of contraction, and the integrated sum of the muscle activity can be
found on the computer printout en page L42. For a visual check of the
computer determination of the start and end of muscle contraction, the

reader can refer to the time sequence included at the top of the myogram,

b, Sen o,
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CHAPTER IV
RESULTS J

'The results of the EMi investigation of four subjects performing

three shots with each of four hockey sticlks is inclu«ged in Table 3.

TABLE 3: MEAN SCORES, (INTEGRATED SUMS) FOR EACH MUSCLE

PMCH FCU TBMH BBLH  RM ™

STICK SUBJECT MUSCIE 1 MUSCIE 2 MUSCLE 3 MUSGIE 4 MUSCLE 5 MUSCIE 6

352.88  152.65  283.90  288.11  141.72  283.98

A 1
2 183.80 328.73 329.15 188.95 133.85 234.59
P 3 224,63 206,51  AB7.74  130.80  276.91 = 215.09
I 226.86 328.27 229.61 243,38 44.06 155.28
, Mean 27,04 25404 332.60 - 212.88  149.14 222,24
{/B 1 358.31 105.25 356.65 343.92 177.24 313.97
‘ ) 189.31 336.81 387.75 141.70 78.96 259.95
3 294,62 234,52 286.43 57.28 297.97 202.69
L 252. 44 389.87 256.67 254,07 104.81 188.34
Mean 273.67 266.61 321.88 199.24 164.75 241,24
C 1 409,57 126.08 357.85 277.94 82.13 350. 24
2 186.74 U26.67 411.63  231.99 121.42 305.36
3 266.00  300.03  436.87  108.37  385.14  189.68
Iy 234.29 479.81 195.15 ~  262.86 79.03 160.74
Mean 274.15 . 333.15 350.88 220.29 166.93 251.51
D 1 393.26 120.94 257.31 253.30 96.03 305.16
2 239.64 336.15 388.78  205.00 139.86 284.75
3 300.77 1 262.86 398.28 149,64 335.05 208.37
4y °  183.08 274,05 .191.21  217.85 35.54 17149

Mean

279.19 248,50 308.90 206. 45 151.62 242,44

[ B
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: TABIE 4: MEAN SCORES (INTEGRATED SUMS) FOR EACH MUSCIE -
OVER ALL SUBJECTS SHOWING PERCENTAGE INCREASES .
WITH STICKS B, C AND D COMPARED TO STICK A.
A L A
4 - B-A . , CA SD-A
Mean Mean % Mean 9 Mean %

Muscile A B Incr’epse C Increase D Increase

. PNCH 247.04 273.67 - 10.8 27H15 1.0 279.19 13.0
. FCU 254.04 266.61 5.0 333.15 312  24B.5p  -2.2
. TBMH 332.60 321.88 -3.2  350.83 5.4  308.90 -7.1
BBIH 212.88 199.24 6.4 220.29 3.5 206,45 -3.0
CRML 14934 16475 10.5 16693 1.9 15162 1.7
™. 222.24 24124 8.6 25151  13.2  2i2.44h 9.1

AUl =W N

Discussion s O

In examining the results presented in Table 4, it was interesting

~ to see the percentage change in mean score integrated sum for each mscle

O

comparing each of tht weighted stig:ks to the control. Using stick B |
(weighted shaft) the pectoralis major showed & 10.8 percent increase,
the I;lexor carpi. ulnaris a 5.0 percent increase and theltriceps brachii
a 3.2 i)ercent de:crease. »On the left side of the\ upper extremities,
the biceps brachii showed a 6.4 per'cen“c decrease \while the other two
muscles, the rhomboid major and teres major showed increases of 10.5
percent and 8.6 percent respectively. Only two muscles, the triceps
brachii on the right side and the biceps brachii on the left side; ‘
falled to show a percentage increase while stick B iwa.s being used.

Using stick C (v;:eighted plade), the pectoralis major showed an  °

11.0 percent increase, and flexor carpi ulnaris a 31.2 percent increase

e s e i3 et S
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" point of application of force and the right forea.nﬁ was burdened with

2

\
and’the triceps brachii a’5.4 percent increase. The biceps brachii
showed anincreasé of 3.5 percent vwhile the rhomboid major and teres
major showed respective increases of 11.9 and 13.2 percent (Table 4).
Although all six muscles tested showed percentage incr;eases, égain it was
the triceps brachii and biceps.brachil showing the least positive
responses. The flexor carpi ulnaris showed the greatest percentage
increase of any muscle under any condition while stick C was being/
used., This finding is attributed to the fact that in this particular

stick the weight 1s concentrated at a considerable distance from the

the i;ask of moving the blade through-the puck.
Using stick D (weight below the bottom hand), the pectoralis
major showed a 13.0 percerllt increase while the flexor carpi ulnaris
and triceps brachil showed respective decreases of 2.2 and 7.l percent.
This response was similar to response shown while using sticks B and C l
exqept fory the decrease of 2.2 percent shown by the flexor carpi
ulnaris. This decrease was totally uncharacteristic but may be explained
by the fact that the moment arm was considerably shorter in stick D
compared to sticks B and C. The biceps brachli responded negatively,
as it did using stick B, with a dgecréase of 3.0 percent. Again, as they
did throughout, the rhomboid major and teres major showed percentage
increases. The rhombold major showed a considerably smalleir increase |
of 1.7 percent while the teres major showed a 9.1 percent increase

(Table 4).
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o Overall, stick C (weighted blade) appeared to be theqm'ost effect—
ive in tems of overloading the six muscles tested. Percentage increasegl
were evident in gil six. Stick B caused increases in all but the triceps
brachii and the bieeps brachii. Stick D caused increases in all but the

D flexor carpl ulnaris, triceps brachii and the bicéps brachii.
5 "I'h triceps brachll on the right 'side of the ugper e})ctre‘mities
and the biceps brachii <‘)gn the left slde were the only two m&scles which
showed consist\en’c decreases and, in éhe case of the weighted blade
(stick C), relatively low inc'r‘éases. It 1s obvious that these two
muscles, although they are active in the performance of the snap shot,
are not called upon és much as trfothers in the overload situation. .
The other four muscles (pectoralis maj or, flexor carpi ulnaris, rhombo]id
: major and teres major), with the gxception of the flexor carpl ulnaris . Ve
and the 2.2 percent decrease using stick D, showed fairly consistent’ |
o increases a\ld appear to be the most important of the six tested muscles -
in terms of dealing with the task of overload.

| Since the computer program ideﬁtified the starting a.;’ld ending
points for each muscle coﬁtraction it was possible fo determine the
order of' firing of muscles by sides and the duration of muscle, contraction.

The complete order of firing of the six muscles could not be determined

TR e TR 500 2 ot Tt o e g+
>

because the right and left sides were not tested simultaneously. For

T

muscles on the right sidé subjects one, two and thr*ée showed a higb

PR

e

predominance of firing in the order of 1, 2, 3 4e. pectoralls maJof' ’ .

followed by flexor carpl ulnaris followed by triceps brachii, for all
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sticks except the welghted blade which caused variance in ’che‘,nniscle
contraction order. 4('I‘ne only times g muscle firing order of 1, 2, 3
was rnot observed was wher; starting p;ojnts\ were extremely close together.):

Subject nu/mber four showed a predominance of 2, 1, 3 in firing
order (flexor carpi qlnaris , pectoralls ma,jér, ér'iceps brachii) with\
no eff'ect on this order by stick C (the weighted blade). This difference
in firing order may b‘(‘a attributed to the different styles of release
found between shooters or it may be attributed fo a @ifferenC}e in
shooting ability. Subject four was the most experienced player and
was, unquestionably, the best shooter. The fact that stick £ did not
affect his Piring order.may be no coincidence.

‘ Starting points of muscie contracti?ns were extremely close for
all three muscles on the Jleft side. However, in 37 (bf U8 shots, the
biceps brachil was the last to fire. This was to be expected' because
during the mechanical analysis in pillot studles it appeared that
adduction of the humerus preceded elbow flexion. The rhomboid major
and teres mafor alternated almdst 50/50" as firing leader. This variance
and the variance occcurring in the 11 shots where the biceps brachii was

L
not the last to fire can be attributed to vidual differences in

shooting mechanics and again, to the closeness of starting points of -
MM

muscular contractions. .

For muscles on the left side y the average duration of contraction
over all subjects using stick A (control stick)lwais .133 seconds. With

stick B (weighted shaft) the average duration of contraction was .135
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(‘u seconds and with stick D (weight below bottom hand) it was .140 seconds.
Stick C (welghted blade) caused the greatest increase in duration of
~ contraction at an average of .179 seconds. The muscles on the right

-

sic_ie showed relatively greater durations of contraction than did those
‘/;L/én the left slde. With stick A (control stick) the muscles showed an
: average duration of .191 seconds. ‘fhe average duration with :st:lck B
(welghted shaft) was .204 seconds and with stick D (weight below bottom
hand) . 224 \\\seconds. Again, stick C (welghted blade; syhowed the greatest
\ increase ;in dugration with an average of .237 seconds. The weighted *
sticks all resulted in increased durations of muscle contraction.
Interpretation of results with small sample sfbes must Jbe done
with caution as Individual differences do exist. For example, in 'I‘able ]
the pooled results from four subjects indicated that there was/ a 13 percent
Increase in PMCHoresponse when s‘éick D was compai\'ed to stick A.’ However,
in Table 3 it can be seen that subject four demonstrated a 19.3 perceht
décrease in PMCH from A to D. Again, it should be pointed out that

subject four was the most highly skilled and experienced shooter.
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CHAPTER V
' SUMMARY, CONCIAUSIONS, RECOMMENDATICNS

The purpose of this study was to determine the efféctiveness of
welghted hockey sticks in overloading seme of\the muscies involved "in
the ice hockey snap shot. Four; male hockey players proficlent at the
university level were used as subjects. One normal stlck was used as
the control device and three weighted sticks acted as experimer\xtal
devices 1in the' study. The muscles used for the study and located on
the right side of the body were the pectoralis major (clavicular head),
triceps brachii (medial head) and flexor carpi ulnaris. Muscles located
on the left side of the body and also studied were the biceps brachil
(long head), teres majorsand rhomboid major.

Subjects were systematically rotated into each of the experimental

conditions using a subjects by treatments r'epeated measures design.

Subjects took three shots with each of .four sticks for both left and

right si;ies for a fotal of twer;t;y—four shots each. Shots were numbered
and 1abe;1ed according to stick and sidg ang@"all data was stored on
magnetic tape. |

The Integrated Sum calculation was used as the measure of Compar—

ison.

~

Conclusions .

¢

The conclusions that can be drewn from this study are as follows:

L4

1. All three experimental sticks used in the study placed an overload
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. — : on three of the six muscles tested. These musclés were: pectoralis L

major located on the right upper extyemity; rhambold major and teres

major, both located on thesleft upper extremlty. 7 -

2. The flexor carpi ulnaris located on the right upper limb was over—
loaded with all sticks except the stick with the weight below the
. bottom hand.

3. The triceps brachii located on the right upper limb and the biceps

e st AR A A o AR Bt

brachil located on the left upper\ 1imb failed to respond to 'ﬁhe
overload produced by the stick with the welghted shaft and the

stick with the weight below the bottom hand.

b s kA Do et e et

I, The stick with the weighted blade caused an overload in all six

miscles tested. /

Recommendations

.
Al ik A b W AR L. LA

1. Further studies could include sticks B and D but with substantial "8
increases in the magnitudes of the welghts applied. ‘ |

o R e

2. Stick C should be \consi'dered for further study using a welght of
considerably cless magnitude. \

3. A similar study using a single stick (B, C or D) with weights of
varidus magnitudes may prove to be useful for purposes of short

duration overload.

4, For statistical analysis, a similar study using more subjects and \
fewer muscles could be consldered.

5. A comparative study of professlonal and amateur hockey players should
A

be considered.

. N
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6. A study closely paralleling this study -should be done prior to and

|

« following a normal six month season during which subjects have %/

s

[N

used experimental sticks regularly.

7. A study on puck velocity increase after longer training\periods. with

weighted sticks would be cheaper and extremely helpful.

It is thls writer's opinion that weighted sticks can be useful

gy

in developing the skill of shooting and future EMG students are encouraged

to follow up on studies of this nature. The surface has barely been b

o

! ' .- scratched in scientific hocicey research in this country and even seem:lrigly

‘ d insignificant contributions will be welcomed. N
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COMPUTER DESCRIPTION AND OPERATION
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COMPUTER

The Honeywell HS 4020 computer in the DATAC laboratory at the

MacDonald Engineering Building (Mechanical Engineering Department) is
I ]

a 24 bit, medium scale, real time, multiprogrammed, timesharing data-—

S ket

AN

acquisition and process control computér. In addition to the standard

computing facilities normally found in busj_;qess or scientific computers,

e A et £

it also has the capability to interface directly to the real, analdgue

" world. It is equipped with two Analogue to Digital converter sub-systems,

one 320 channel, high accuracy, low speed IDVM and one 2 or U4 channel
medium accuracy, high speed successive approximation type. PFurthermore, .
anélogue outputs, digital inputs (contact sensing), digital outputs | i
(controllea switches) and interrupts are available.

For the EMG work the high speed ADC was used§ even though only 5
four channels were available, le. only four muscles can be analyzed !
slmiltaneocusly. This high speed ADC contains two converters such that '
two measurements are made simultaneously in time. Using a "windshield u 3
" wiper" type multiplexor in fr:ont of each converter operating at the

same rate ag the ADC's, four channels can be measured whereby each pair

of two signalé is offset in time one half the sampling interval. A

sampling rate of 4000 per second was chosen r'e:sulting in an effective
!

éampling rate of 2000 per second on each chamel, with a .25 millisecond 5

o e 4 e

¥

offset between successive pairs.
The high sampling rate 1s required as frequencies as high as

500 HZ can show up in myoelectric signals. 'Even with this 4 to 1 ratio,

| / )

N
\ .
. N




(‘ f low f>ass filtering was employec‘l (in this case with a 1 KHz br'eakpoint)
to ensure that allasing did not occur. \
== Each converter is equipped with a Sample and Hold (S/H) amplifier
as the actual conversion time (the time requlred to gener'ate the digital

bipattern as a function of the applied analogue signal) of the ADC's is

R

’ : too slow (20 microseconds) to properly digitize high frequency signéls.

s a et e

: ,
The S/H have an apertLre time of 100 nanoseconds providing a fractional

' error of less than .002 at 5 KHz.

CONDITIONS ‘ ‘ J '

Amplifier gain = 200, 225 m V range to allow for DC offset.

Sampling rate = ’-l(?OO/sec. (2000/sec. effective rate for each channel)

Four charnel operation (Continuous/On Line)
f | TESTING | L
Data are collected via program 10, a speclal program that stoTr'es
i | data from ADC's for a predetermined length of time on dlsc. To start
program 10 one must initialize% from the-ASR. Data gatﬁering starts
after pressing of the ":Lnterr'ui)t" button (used for non-scheduled events,
“ in this casle to start the ADC's). After pressing the "interrupt" button,
t:,he subject must walt at least 25 milliseconds to establish baseline
offset as the system 1s completely DC coupled. (DC coupling allows all
signals from DC to maximum frequency and problems with offset are
: calculated out. AC coupling allows only signals between a lower and‘ ,
. upper Himit of frequency no offset problem but there ;Ls a loss 6f

!

("; possible important low ﬁéquency data).
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Dataare stored on 9 track 800 bpl IBM compatible magnetic tape -

using a standard utility program (DIMT).

»

the

Plotting is done by a Calcomp 565 digital.plotter wit}f‘a an 11"

PLOTTING N

wide drum, .01" step size both in X and Y and a maximm 300 steps/sec.
Dataare elther on disc or transferred from tape to disc using MI'TD.
Using program PHYSD3, all four charmels were plotted (first three

seconds). Each trace had an artificial zero baseline determined by
\

“the DC offset measured in the first 25 milliseconds on a vertical scale

indicating mi1livolts/inch. The X scale was 11" = .05 secs. A time
scale, the data, the test number and conditions were also plotted. On
@mahd via switches on the console, thls program also printed (1) all

data points collected and (2) peaks or reversal points. . \‘&
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APPENDIX B
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START AND STOP OF MUSCLE CONTRACTION

R

ST

LU S

Dol DB AAD My LTS M vt g

= NUEG

.

PN PR




~

=

START-STOP OF CONTRACTION
\ .

N\

N

A "mov::Lng window" technique was used to determine the onset and
tenﬂmtion of the SMC (skeletal muscle contraction). The parameter
used was the RMS 1va1ue of the the'data. R'MS'was chosen as thejgparameter
‘because it gives an 1nst§n’(;aneous measure of the data.

An in::Ltial 100 datapoint window (=50 milliseconds) starting at

tO (time zero) was selected and the RMS value of the signal in the window
was calculated. The window was moved to the next 100 points and the RMS
was again‘ calculated. ; This process continued until two consecutive
windows showed BMS values in excess of a predetermined value. The
starting point and the RMS values of the first of these two windows
were saved. The latter served as the criteria for the end de'\cer'nﬁﬂation.
The window was moved further until two consecutive windows with an RMS

value below the initial value was detected. 'This indicated a possible

end of SMC. The starting point of the first of these two windows was

, also saved.

The whole cycle was repeated with window sizes of 85, 70 and 55
data-points. To determine the true onset of SMC the data in a 100 point
window before the earliest’ detected "start~-point" was examined for a

peak exceeding #1 mV from the artificial baseline. Thls point was taken

as the onset. If no such point could be found, the first peak, regard-

less of magnitude, "after" this "start-point" was selected. Using this
four window type approach, the probability of finding the correct onset

1s stati‘stically very high.
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The termitstion of SMC was determined differently. It vas found
that after the SMC of jnterest the baseline was nolsler than before
the onset. ThlS may be explained by the fact that all test E‘MG data
were collected during the investigation of high velocity gross human
movement patterns. Re}zfé on the same criteria as at the onset will
therefore usually result in a realistic end point.

Since in these tests fhe actuél SMC's are always less than .5 secs
in duration, any stopping point determined by the four windows that was
larger than the onset (+1024 data points) was ignored. :I‘he dagta starting
at the latest of the remaining stopping points was i}xanﬁned going back-
wards (t-t ) and the first peak detected was taken as the termination of
SMC. The points selected by this algorithm coincided to a large degree

with points selected by subjectlve assessment of the myogram.
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