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This ,investigation was undertaken to detennine th~ ~f'f'ecti veness 
, i . . 

o(weighted 'hockey sticks in overloading sel'ected musc1es involved in' the 

execution of the ice hockey s~ shot. 

Fqur varsity hockey players perf'orrJl8'd snap shots using a control 
, ~ 

hockey stick and three weighlœd experimental stic~s. An EMG investigation 

'was conducted on ~ix mUscles - the 'pectoralis maj or, triceps brachii, 

flexor carpi uJnari,s, biceps 'bràchii, teres, major and rhomboid major. 

'lhe Iœasure of cOfll)arisop was the corrputer calculation of inte~ated , 
surns. " 

AlI three expE;rimental sticks placed an overload on three of six 

muscles tested - the pectoralis maj or, rhomboid maj or and teres Iœj or. 

AIl six m~cles we~, rloaded ~y tl?e StiC~. with the weighted blade 

,and only the triceps b and biceps brachii falled to respond ta 
, 

any overload provided by t .two remaining experimental sticks"'. 
v ~ 
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RESUME 

ii 
/ . 

. 
Cetté é\ude avait pour but de déterminer l'efficacité de bâtons 

',de hockey avec poids dans le surchargernent de muscles sélectionnés et 
i) .. , 

impliqués dans l'exécution du lancer' mi-frappé au hockey sur glace., 

Quatre joueurs de hockey inte.run1versitaires ont effectué 

les lancèrs mi-frappés utilisant un bâton de hockey contrôlé et trois 

bâtons de bockey expérirœntaux avec pOids". Une étude Cie 1 '00 fut 
, 

réalisée sur .six nÎuscles - le pectoralis major, le triceps brachii, le 

,flexor ciarpi ulnaris, le biceps bra~hii, le teres maj or et le rhpniJoid 
1 

msjor. le calcul des somœs intégrées fait par ordinateur servait de 

rœsure de comparaison. 

les tr~is bâtons expér1.m?n'l(aux produisirent un effet, de surcharge 
\ 

, sur trois des six muscles évalués - le pectoralis major, le momboid 

major et le teres IIEjdr. Tous les six mCl.scles furent surchargés par les 

bâtons possédant une laJœ avec poids et seulerrent le triceps brachii 

et le biceps brachii "ne répondi~nt pas ~ un effet de surcharge provoqué 
, 

par les deux autres °bâto~ expérimentaux. 
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, , 

~ . 
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CHAPIER 1\ 

JNTRODUCTION 
l' 

The purpo~e ~r this stuQY Was to investigate the effects of 

weighted hockey sticks as a functional overload on s!=lected muscles 

involved in the eXtrcution or the iee hockey snap shot. 

In recent years Canadimu!; 'have begun to realize that our 

reputation as wor1d leaders in ice hockey i8 at stake. In 1971, after 

, review of the literature of hockey.,research con.ducted during the 

, > previous two and on~ha1f decades, I€ Stefano stated that advances' 
- - ~ , --'~ ~'--- '~. -=: -'---==--=-=='---'j=-=-=-=---= 

made in that tiIœ ~d been more political than scientific in nature 
\ 

'cre Stefano, 1971). In the application of hockey research, there has .. 
been li tt1e change' since the year 1971. It is obvious that in 

neglecting the scient~fic approach to :1mproving hocke~ sk:Ùls we 

~ have allowed other countries to close the gap. 
. 

Tc date, techniques adopted t'or the developrnent and :1mprovement 
. -

of shooting skills hâve been :1mplementea. on the basis or errpirical 

observations. As a resu1~, there are coJflicting 'OPinions as to 
. 

which wann-up rœthod, if any, is best. Electronwogrephy is a reliable 

means of detenn:1n1ng the muscles inv~lved--:tn a given IOOve~nt and the 

extent to which they are involved (Basmajian, 1967). Since there ls 
. , 

a neèd for blomechanica1 data to support or refute traditional elairns, 
/ "' , 

ft was de~i9Bd to use EM:1 to ~termine if weighted hockey sti~ks place 

a f'unc'tional over1oad on selected skeletal nruscles of the upper limbs 
\ 

that'are involved in' the snap shot. ' 

" '. 
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The snap shot was chosen for this stu'dy because i t combines the 
. 

posi ti ve characteristics of both the wrist and slap shots and i t is 

becorrdng the most popular shot in boc~ey. 

Sta tement of the Problem 
~ . 

The pUl1JOsé of this stud,y was, to detennine if any of' three 

dif'f'erently weight'ed hockey sticks acted effecti vely as a functional 

overload on upper limb skeletal muscles dur:l,ng the execution of the 
~ 

t 

ice hockey snap shot. The muscles investigated were the pectoralis - / 

najor, triceps brachii, flexor carpi ulnaris, biceps brachii, teres 

naj or and rhomboid maj or . 
o 

The measUré of muscle response used to compare the effects of 
; 

experj.rrental weighted stiéks wi th the control stick was the integPated 

sumo 

Rationale 

l , 

This study will provide evidence as to which, if any, weighted 

hockey stick Is most effective in overloading the identified nruscles 
, • ,,!> 

involved. Hopefully, it will provide sorne :impetus for further studies 
Cl J 

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

L1mitations 
(- ) 

1 .... '!he use bf surface ~lectrodes J,.imited <the choiee of muscles, which 

could be investigated to superfic1al skeletal muscles. 
1 

2. The high cost of computer time necessary did n.ot allow for the 

testing of a large number of subj ects . 
\ ' 
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Dellmi tation 
/ 

. 1. The weighted puck was excluded from the study as an exper:lmental 
1 

device because of' the ballistic nature of' the snap shot. The nrusc1es 
1 

involved :lnitiate contraction bef'ore actual contact is made with 

the puèk. 

T>ef1ni tions 

Hockey ReJated: 

Snap Shot:, 'A shot executed by raising the heel of' the,st1ck,blade and 
'> 

d:rp.wing the tip of the bJade back 12-18 inches beyond the puck bef'ore 

flexmg the ~ts and driving the blade down and through the puck ' 

contacting t vice at a point Just behind the puck. 

SJap Shot: A sh t executed by taking the ho~key stick back a consider­

able distance beh:lnd and above the puck (h1p height, shoulder height or 
. 

even higher) then bringingr 1t fOJ;'cef'ully down contacting the iee at a 

~h::iIit,çkthe pudk. 

y draw:lng the puck back- behind the body 

with the stick then swee i t forward across the" front of the body 

keeping the blade of the stick in contact wi th the puck throughout 

the shot;. 
, r 

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

the blade of the stick. 

Top Rand: r.Ihe band .pos1tioned at the end of' the shaf't of the stick. 
\ 

Back Foot: 'lbe right foot of a person shooting right-handed. 

Fr<:nt Foot: '!he 1eft tt of a persan shootfug rigjlt-handed. 
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. Defini tians (Continued): 

Biorœchanics Re late d: 

. 'Ballistic MoveJœnt: 
, 

A high velo ci ty movement of a body part or 11mb 

through a range of motion 'assisted in part or wholly' by ~oJœntum of 
, C 

that part through the range of motion. 

D 

Electrornyography Related: 

Electrornyography (EMG): A technique for recording the electrical changes 

that occur in muscle tissues. 

Muscle Action Potential (MAP): 'lhe Jœasurabl~ elect1"ical potential 

generated by a muscle. 

JVbtor Point: That point wi t~ the body of a muscle which causes the 
~ 

rrrucimum muscle response when stimulated electrically, ie. it is the 

most excitable area of a muscle. 

Aglplitude: 'The size of the electronwographlc response to a given stimulus 

in a muscle rœasured in milli volts and described by the height of the 

spike above the base line . 

Frequency: 'The number of emg responses in a muscle ta a' g1 ven st1nru.lus, 

described by the number 0t: spikes on the EMJ per unit of .. t1me. 

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

phase of a skill pattern. 

Integrated Sum: The time Integral of the abs,olute value of the signal. 
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List of Abbreviations 

AC 

" AOC 

ASR 

BBIH 

emg 
1 

FCU 

IDVM 

MAP 

'MPI'J) 

PMCH 

RM 

RMS 

S/H 

alternating current 

analogue ta digital converter 

automa.tlc send and recel ve terminal 

biceps brachii (long head) 

direct current 

program (dise to magnetlc tape) 

electromyography 

electro~ographic (adj.) 

flexor carpi ulnaris 
1 

integrating digital volt meter, 

muscle action potehtlal 

program (magnetic tape to dise) 

pectoralls rrajor (cÎavlcular head) 

rhornboid maj or 

root mean' square ' 

sample and hold 

SMC skeletal muscle, contraction 

'IBMH triceps braehi,l (medial head) 

'lM teres maj or 
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CHAP'lER II 

REVJEW OF '!HE LImRA'IURE 

A review of the literature covering the past twenty-five yeârs 

failed to pro duce evidence of one study perfonœd on ice hockey 'through 

the use of e1ectromvography. The following review of l1terature, there-

fore, focuses on related sports skills and other stl.!-d1es wOich have 

been perfonœd in the area of muscular contraction. . ' 

Selection of Contributory Muscles 

Since the mechanics of sorne sports skills are similar to those 

in others, it is possible to relate work dane in-other areas. Studies 

by Henœnn (1962) and Kitzm:m (1964). were designed to investigate the 
-~ 

functions perforrœd by' a few selected muscleS,~:,- There is no evidence 
( 'J,:, 

to show that a complete rnec~qal analysis led ·to· the selection of 

these IID.lScles. Sla.tter-H.anrœl (1~48), while looking at contraction­

moverœnt relationships, found trot data collected ctur1rlg h1s study 

disagreed on many points. with the traditional kinesiological analysis 

of the golf stI'9ke. The suspicion that this might also be the case 
\ 

~ the t'Ce hockey snap shot If,\hiS author in a number of directions 

before finally selecting Six! musc~s for analysis. 

Certa:1n phasés of the golf swing resemble the action of the snap 

shot, especlally in the' right arm (bottom hand). Slatter-HaIlJœl (19~8) 

found that the right pectoral1s rœj or contracted saœtirœ after the 

spart Of, th~ downsw1ng and continued up ta or beyqnd ract. 'Ihere 

1 , 
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was no evidence to show that the right anterior delt~id contri~te~ 
to the acceleration of the Umbs and club.' " 

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

inactive dœ:>ing active extension of the' elbow regardless of the position 

of the arm. In addition, he fOtmd -the rredial head was always active 
\ 

and appeared te be the prime extensor of the foreann. He a1so fOlmd 

that agp.inst resistance, the lateral and long heads are recruited. 

. Basmajian (1967) noted that the brachioradialis does not supinate 

or pronate the extended foreann unless these IOOvements are perfonœd 
\ . 

against ~sistance. Travill and Basmajian (1961) found that fast. 
{ . -supination in the extended position req~red only the supinator but 

'\ 

fast unresisted supination with the e1bOW f'lexed is assisted by the 
'lA ~ 

" 

action of the biceps. BasJnajian (1967) found that during supination of 
, , « 

l ' 

the foreann the long head of' the biceps showed more activity than the 

short head and that the biceps ls genera1ly active during f.lexion of 
9 

the supj..ne foreann under a11 condftions. Basmsjlan concluded that 

in wrist flexion the flexoreis carpi radialis,. ulnaris Id digitorum' 

superficial1s act SynChronoJsly and none is the pr:1me ver. 

Ba.snBjian (1967) stated that the rhomboid Imlscles (major and 

minor) :1rn:l..tate the middle trapeziùs, being most active in abduction 

and 1east during early flexion. Basmajian (1976) fotmd' that ~he 
j;, 

rhomboids retract the protracted scapula wi th considerable force and 
1 

( they turn the glenoid cavity downward, thus forcibly lowermg the 
1 

raised arme 

- ~ - ---~. ----
1 
1 
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Basmaj~ (1967) describes'the teres majS>r as one of the chief ~ 

nrusc~es actin&upon the shoulde'r' jo:lnt. ' Tortora (1977) says the teres 
" V c' ! • 

maj or extends the hurœrus and draws :1, t down and flssists :ln adduction 
. , 

and rœdial rotation of the arm. 
• 1 

Choice and Placement of Electrodes 

\\, 1 -
Basrnajian (1967) criticized the use of surface electrodes claiming 

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

play between widely sef)'arated muscle groups in prel.1m:inary studies . 
• 

However, Visser and Le Rijke (1974) sai<il, that ". . . with surface 

electrodes a more precise 1mpress1on is gained of the overall,activity 

of the entire nruscle. Needle electrodes register only the local activity 

of a limited number of motor units at a fairly random site in the muscle." 

Bouisset and Ma.ton (l97.~examined the relationship between the surface 

EMG and the intranruscular EMG for voluntary isotonie contractions. Sub­

m3.Xirœ.1 movernÈmts of nexion of the right forearm we:r:e perfonned ID a 
, . 

horizontal plane at various velocities and against light :lnertia at 

voluntarily l.1m:ited amplitudes. 'lhree fine platinLml wires were inserted 

into the .biceps brachii around surface electrodes. 'Ihe int~scular 
, ,~ , 

lead-offs were algebraj"cally added and their SLml ~s ,:lntegra ted (QE). 

Tne surface acti vi ty was also )ntegrated (00). ~e ,existence of a 
~ . 

linear relationship between QE and QG was demonstrated. 'Ihe relation-
i 0 1 

1 . 1 • 
ship was found for each subject and was independent of the velocity 

and inertia opposed to the IIDvement. A linear relationship was also 

shown between QE and the wortc done (W). It was suggested that the 
\ 

l . \ 
\ 
1 , 
\ 
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--activity of muscle fibers near the surface ls representatlve of al1 the 

fibers involved in the given activity. The Iinearity of the relatlonship 
"-

between QE and 9G also seerœd to signj.ty ;thB.-0 each ~asure of QG Was a 

measure of QE ~tiplied by a cOHstant -coefficient. 

Inrnan (1952) found a parallellsm between isometric tension and 

integrated EMG irrespective of whether measurerœnts were taken using sldn 

electrodes, wire electrodes or coaxial. electrodes. L1ppo~d (1952) also 

found a linear relationship between tension and EMG recording even 

thougjl h~d '''non-standard'' ~itions for. placement or\he elect:Uàes. 

Af3 long as the two recording electrodes were sited over the TIBlScle belly 

or its tendons, the linear relationship was observed. 
l ' 1 • 

In concluding a discussion of the relative merits of surface 

.and m're elec!trodes, Grieve (1975) stated: 

"Whether exper1rœnts are done by the rœd1cally qualified 
or not,~he ethics of leaving ,wire frag}Tlents lin the 
body and resorting to~ radiographs to locate the elec­
trode sites for non-clinical purposes seems questionable 
to say the Ieast. 'Ihe reader would doubtIess refer to 
the published work . . . but 1t may be that surface 
electrodes are not only safer, easier to use and more 
acceptable to the.subject; but for superficial muscles' 
at Ieas~, provide a degree of quantitative repeatability 
that cOIlllares favourably with w~ electrodes." 

E1ectroII\Yographic apparatus has· become much more sOI?h1sticated 

sinee 1948 when Slatter-Hantœ1 investlgp.ted ~he golf stroke. Kitzman 

(1964) used a Graf eIect!'OJIWograph equlpped ~th four channe1s of 

anplification and four 1nk writing instruments. Ta prevent atnDspheric 
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eléCtrlcal Interference from being recoràed, the subjectEi perfonœd in 

an electrically shielded room. Hermann (1962) used s1m1lar equipme~ 

10 
, 

in his analysis of th~ shot put. Grieve (1975) stated tqat "It ts 

increasingly the practlce to quaritlfy the EMG in sorœ WB{! e.g. integmte , . 
1 OP count sp'ikes. It 18 a wise precautton to obtain ~ YisuaL record at 

1 

the sam; tirœ aS a check that the signaIs are nonnal in appearance ,and 

free from artifact~ The quantification places a much higher premium 

upon such factors as stabili ty and' lineari ty . l:he capaci ty for 
\ 

s1rnultaneous quantification of several charJrleJ.s on-line with hard 
o!; 

'"'- , 
wired devices, apart .fran its expense, may prove very restrictive . . ) ~ 
As far as the quantification of phaslc electromyographic slgnals 18 

, ' 

c.oncerned, there is no, genera1 agreement at present as to the oost 

suitable technique (or 'even whether a quantitative result ls more 
1 

useful th9.n a visual jUdgellEnt). In the present state of the art 

it i8 advisab1e for laboratori~s to choose general purpose rather,I . 
than specialized electrorrwographic equipment. Irjvestment in ~tan-

built rnulti-charmel machines which are only capable of performing one 

type of quantification is not justified at presept ,II , 
Grieve (1975) suggests that IIThe\ flexible approach at modest 

cast is to use an F.M. tape recorder and process the data either by 

rrn..r-tip1e replays through sèlected", single channels of custom bullt 

analogue anaJ.ysers. An alternative ls to dligiti8e the information 
1 

and use a smalt generaf p~ose conputer to process the data. A 

digitised record gives enonoous flexibllity to the ,p..rocessing of 
, 

EMG data. If sufficient stora.ge capacity exists then the sarœ signals 

• 
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.. 
can beproees~ed in rna.ny alt~tlve ways." '!he cost of amplifying, 

digitlsing, processing and storing nrultl channel EMG data can be very 

high IDdeed. 

. . . Final results drar. in Indian ink on a Calcornp pIotter may be very 

beautlful but the'-lab~:rktOry staff pay '~ly for it in t:l.Iœ· and mach:Ine 
(\ ' 

involverœnt. 
~ , 

• • • Much wider agreerœnt about the ~ignificanee of a quantitative 

result, 1.e. its repeatabllity ,.-applic~bllity and predictive value, ls 
~ 

needed befor'e standardised machines are accepted. The rrodest ~urnbef 

o of laboratories with access to the large digital machines can make ci', 

useful contribution here, not particularly by making kinesiological 
" 

\ ' discoveries but by exploring the relative merits of' simple analogue 
" 

or hybrid Er.n, anllyses which can be simulate~ in the first instance 

by the large general purpose machine. The sooner this phase in the 
. 

development of' electrorrwographic kinesiology ls over the better as 

f'ar as standardisation and effective conmunicatlon are conce'med." 
1 

Today it i8 possible to wire subjects' directly to a computer 
" 

by rœans of a belt wom around the waist and a lead-off' cable. EMJ 1 
potentials are dig::!. tized and recorded on magnetic tape where they 

'ir 
, ' 

are stored until further analysis is required. Dlta can then be 
\ 

transferTed to camp~ter dise for plotting'and numerical analysis. 
~ . 

Sophistication of equiprœnt now allows EMG studies to be perfonœd 

without traditional electrical shielding. 
\ 

. 

1,--.... , 
'" 

) 

, 

" 

, 1 

1 

1 

;/ 
l, 

~ 



~{:o 
r 

'} 

" 
!~. , 

, 

( <,' 
,r, 
~ 

~! 
" 

" 

" " , 

r ,,', 

'1,\ 

CHAPTERIII 

EXPERIMENTAIi)PROCEDURES 

Subjects 

Four male hockey players proficient at th~ uni versi ty level served 

a~ volunteer subjects. All, four subjects were ~mberS' of the McGill 

Redrœn Varsi ty team and all were right band shots. Subj ects were 
/ 

\ , 

selected on the basis of height and body type to ensure that stick 

l~ngth was com:r0rtable for each and that excessive adipose tissue levels 

. would not interfere wi th nruscle to EMG electrode cormections. AlI 

subjects weœ caucasian, ranged in age frorn 20 to 24 years, in height 

rrorn L 73 to 1. 78. Iœters, in weight .f:rorn 70.5 to 77.3 kilograrns and 

il'} body fat as per skin fold caliper rœasures frorn 8' to 14 percent. 

E~erimental Apparatus 
(" 

Four iâentical pattern maqe professional hockey sticks produced 
~ , . 

by the Sherwood Hockey Stick èorrpany of Sherbrooke, Que", were used in 
"-.j" 

the study. AH were exactly 1. 77 rn in length Iœasured 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 

'~hers were treated as follows: Stick B l'lad exactly . Cl kg of weigbt 

inserted into the shaft and equally distributed from tfle top of the 

shaft to the bottom. Strips of lead tape were yt3ed to ensure the exact 
, .. 1 

weight fncrease and distribution. Stick C had exactly .91'kg of 

weight distributed ~ heel to toe along the ,back surface of the 
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blade of the stiek and the weight was held securely with white hockey 

tape. Stick D had a .91 kg wei.~t located at a point' on the shaft . 
Just below the shooting hand and it was held in place by a co,llar 

, \ 
made of masking tape. In aH cases, the weight of the tape used was 

considered. Table l indicates the stick codes. 
1 

A normal 171.4 g Canadian Amateur Hockey Associatiol (CARA) 

official puck ~erved as the proj ectile in e'ach seri~s o.f t sts. 

Expermntal Muscles 

13 

Pi1dt studie~ by this author consisted of rœchanical and kinesio­

loglca1 analyses followed by extensive EMG 1l1vestigation. A rœchanicàl 

analys~ of' the snap shot ~te~ed the IOOvement patterns. of the upp~r 

, limbs. Fbr 'a right band shot, the movements on the right side are: . 
adduction, flexion, horizontal f'lexion, and medial rotation of the " ' .... 

hUIœrus; elbow -extension; wrist flexion and supination-pronation of 

the right f'oreann. Ieft siàe movements included: adduction, extension 

and outward rotation of the hUIœrus; e1bow flexion; supination of the 
\ 

• b " lef-t forearm; and adduction of the scapu1a. Based on these moverœnts, 

EIVG was' used ta select six nrusc1es (three on each side) wh;ich were 

considered to be crucial to .the execution of the snap shot. 'lhese 

muscles consistently demonstrated muscle actiVity in tlte e~ctl,tion 

of the shot across aH tested subjects.. Table 2 indicates the coding 
\ , -

of the muscles for the EMG analys1s· of the snap shot. 
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-TABlE 1: CONTROL AND EXPERIr®1rAL STICKS 

COIE STICK " 
Stick A Nonnal (control stick) 

~ 
Stick B Weighted Shaft 

Stick C Weighted B1a.œ 

Stick D Weight below Bottom Rand . ' 

TABLE 2: SEIEC'IllD MUSCIES FDR EMJ AN~r OF Ù/.WAP SHOl' 

(1 , 

. 
l, 

COIE 

Muscle l 

Muscle 2 

Muscle 3 

Muscle 4 

Muscle 5 

Muscle 6 

MUSCLE BODY srDE EM1 CHANNEL 

Pectoralis ,lVBj OI"' (clavicular head) Right l 

Flexor Carpi Ulnaris Right 2 

Tric~ps Brachii (Jœdial head) Right 3 

. Bic~ps Brachii (long head) Left l 

Rhomboid M:ljor Left 2 

Teres Msjor Left 3 

NI ; > 

,/' 

1 

14 '/ 

\ 

. ' 

-~----- • __ .... c_~_,,1'k&.r .. ~'I\.<V-i.~.;Itj;2o ... ne' M ~~ ... '>o<'t:"-.,~"'~.,j(~_ .. ___ S~---- -~-~------~<M-P..I!'4~~'A::'.1J.)~1't~~J.~1,f' 

\ ~. . 

i 

1 
i 
! 
i 
1 , 
1 

j 

1 , 

! ; 

" 
i 



( 

() 

Il,, 

" Se lection of tlbtor Points 

" 
• ~'-, tl 

location of the IIDtoP points for each muscle was determined 

according to (Quiring and Warf'e~, 1967). A Multitope Stim\.l1ator was 
'1 /' 

used to _locate the lOOst excitable area of the designated muscles which . ~ 

were then marked wi th a blue skin pencil and defined as the IIDtor ' 

point. 

Skin Preparation 

p \ 

'Ihe skin àte.as ~n which the electrodes were placed were first 

shaved, i:-ubbed with alcohol :in 'QI'der ta remove body ails and then 

abraded wi ~h a Quinton Biobrade until tl1e sldn wc:s a PinkJSh color. 

A neutral (pH = 7.0) electrolytic jelly was then apPlie~~ the Çl.braded 
, , i .. 

area and aJmost 1mœdiately reIIDved. rus,procedure reduces skin 

1 • 

resistance and :l.Jqlroves the electr1cal conduction between muscle and 

electrode cup. A,Quinton Biotest Galvanometer was used to ensure that 

electrical resistance between the electrode and the skin was less than 

1500 Ohms for each muscle preparation. AlI tests were pasi ti ve . 

.1 
~ , Attachment of Electrodes 

Two Quinton IBiOIœd e1ectrodes (16 nm d1ameter, 10 mm silver-' 

silver chloride el~ctrode cups with shielded 1.2 m leads) were ,attached 

to each muscle by adhesive discs ~er they were filled with the neutra1 

(ot., electrolytic jelly. In addition, surgical tape was applied ta further 
, r 

secure the ~lectrodes. A large loop was made in the electrode wire . 
,- ' 

and the wire was cthen secured to the skin to preyent IIDvement of the 
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cup. One electrode was placed directly over the mator point and th~ 

otœ,r waS\'flaced 25 mu ~sta1ly (measured center to center) such that 

the two electrodes were in 1ine with the direction of pull of the 
.. 

muscle fibers. A single ground electrode, was used te help prevent 

60 cycle interference and was attached to the bOrly acranion process. .,. 
'The lead wires were arranged and secured on a ~st belt so as not ta 

interfere with the subject's performance of the skill. 
\ " 

Testing Procedure .. 
./' ' . 

Since tpe' computer would only all.l;)w the recordiing of' four 

charmels at one t1.Ile" each subject was tested by right and 1eft sides. 

'Ihree muscles on the left side were placed on three of four charmels . , 
. \ 

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

fue three remaining mus cles on the ri~t side were hooked up to three 

of four charmels on the right side. Again, the fourth channel was 

shorted out. Tests on the 1eft side were conducted lmnediately~after . " 
testing the right side and vice versa. A wall switch cons1sting of 

four p1ugs allowed an expedient cbangeover ta the"four channel operation 

on ei ther side. 3ubj ects were systematica1ly rotated into each of the 

experiIœnta1 conditions. (rigbt and 1eft sides considered) in arder to 

av.oid experimental bias. See' Figure 1. 
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Treatrnent (Stick) Order 

Side lst 2nd 3rd 4th 

1 
R A ~ C D , 

" 

L C D A B 
" 

L B C , D A 

R D A B C 

R 1 C 'D 1 A B 
3 

L A B C D 
1 

L D A B C 
4 v 

if 
R B C D A 

G ," , 

FIGURE 1. Subjects by Treatments Repeated Measures Des~gn 
.,1 

AlI subjects wore rubber soled running shoes and w~re asked to 

~and facing the 'target with their right foot on a line perpendicular 
I!I@} 

to th? direction of the shot drawn on the shooting board. The puck 

was placed with its back edge on the border line of this same line. 
, è);', '\1' stick was Mtially placed on the sta:rting lire eighteen inchés 

j 
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behind the puck. This set-up was used to reduce lower bOdy JlK)tiQln "-

and put the onus on the Upper bod;y muscles concerned. One of the ") 

1 

1 

\ 
c 

positive characterist1cs of the snap shot is that it can be effectively ~~ 
released with the weigbt on either foot. 
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~ _____________ Thrget 

Right °FQot 
rt~Ck 

.457 m 

__ ! __ Stick Blade Starting Line 

FIGURE 2. Relàtive 'position of subject on ~hooting ~oard 

SUbjects were given a ten minute warm-.-up and familiarization 
• 1 

session with all sticks and testing began after a ten minute rest period. 
1 

They were instructed to shoot (aCh puck wi th maximum eff'ort and after ' 

the shot was made, to drop the stick :l..mrœdiately during t'ollow through 

and relax aIl upper body mus,cles. 

The lab, located one floor above the con:puter center, was equipped 

with a starter button which activated the computer program and an 
If. 

indicator box with a light which eame on when the canputer was ready 
\ ~ 

to accept data. The tiIœ between shots was from t~e to t'ive minutes" 
, ' . , \ 1 

so the fatigue factor was not of gr>eat conc~rn. Once'the light was on, 
, 1 

, , '\ 
the subject stood over the puck (bands 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 ÇiJ..lowed t'or each shot t'ollow:1ng activation 
. ~ 

of the starter button. 'Il)is made possible a pre and J?ost data baseline, 

as the comparer had to take into account the offset voltage (halt' ceil 
• 

• l , 

potential) that was generated at the interface between the electrode 

and the sldn. 

, i 

, 
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Subjects took three shots with each of the four sticks for both 

1ef~ and right sides - a total of twenty-four shots flor each subj ect . 

me shots were numbered and labe~ed according to stick and side '(numbers 

101-124 for subject 1; Dl..lIooers 201-224 for subject 2, etc.). AH data 

was stored on magnetiç tape. ,All channels were checked at the beginning 

of testing for each side to ensure that offséts were within,acceptable 

limi ts. fuis was done by p10tting the first shots and reading the graphs. 

Separate programs were used to transfer tm data to disc (MITD) then to 

plotter using IYlMI' (~or graphic copies of the data) ~d to disc, then 

to digitizer using IYOO for numerical peak value::,? 1 A special prograIn 

was ,developed (See Appendix B) to find consistent starting and ending 

points for aH muscle action pot~nt1?-l readings. This pro~ also 

included times for start, end and duration of contraction. Integrated 

SUIn was the ca1culation called ~or as the measure of comparison because it 

is a measure of the total acti vi ty of the muscular contraction. 

MYograrns of the recorded muscle activity of shots using the control 

and, expe;r1mental sticks are shown in Appendix C. In the first example on 

page 41, us+ng the control stic;k, channelsll':-l, 2 and 3 recorded the 

electrical activity fram 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 SUIn of the muscle activity can be 

found on the computer printout Qn page 42. For a visual check of the 

computer detennination of the start and end of IlUlscle contraction, the 

reader can refer to the t;ime sequence included at the top of the ll\Yogram. 
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TABLE 4: MEAN SCORES (lNlEGRA'IED SUMS) FDR EACH MUSCLE '" 
CJ\IER AIL SUBJEers SHOWlNG PERCENTAGE INCREASES 
WI'IH STICKS B, C AND D COMPARED 'ID STICK A. 

v) B-A C--A 
tl. 
'~-A 

IVean Mean % Mean % rvEan % 
fv'h.tscie A B Increase C Increase D Increase 

\ 

1. PMCH 247.04 273.67 ' 10.8 274.15 11.0 279.19 13.0 
1 

2. FCU 254.04 266.61 5.Q 333.15 31.2 24B.5p -2.2 

3. 'IBMH :~32.60 321.88 -3.2 350.83 5.4 308.90 -7.1 
, , 1 

4. BBlli 212.88 ' 199.24 -6.4 220.29 3.5 206.,45 -3.0 

5. RM ' 149.~4 164.75 la.? 166.93 11.9 151.62 1.7 

6. 'J!i1. 222.24 241.24 8.6 251.51 13.2 242.44 9.1 

Discussion 

In ex~ the results presented in Table 4, it was interesting 

to see the percent age Change in rœan score integrated sum f'or each nluscle 
\' (' 

COITq)aring each of th~ weighted st1~ks to the control. Using stick B 

(weigtlted shaft) the pectoralis Iœj or showed a 10.8 percent increase, 

the ~.lexor carpi. uJnaris a 5.0 percent increase and the triceps b'rachii 

a 3.-2 percent decrease. On the 1eft side of' the upper extremities> 
. \, 

, \ 
the biceps brachii showed a 6. 4 percent decrease while the otheI'\ two 

ImlScles, the rhomboid major and teres major showed :increas~s of 10.5 

percent and 8.6 percent respectively. Only two rrruscles, the triceps 

brachii on the right side and tl1e biceps brachii on the 1eft side, 
1 

failed to show a percent age increase whi1e stick B was being used. 

Using stick C (weighted blade), the pectoralls major showed an 
, 1 

11.0 percent :increase, and flexor carpi uJnaris a 31.' 2 percent increase 

1 

f 

1 , 
1 
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1 
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l' 

and' the triceps brachii a' 5.4 percent :increase. The biceps brachii 

showed an ~crease of 3.5 percent while tpe rhornboid rœjor and teres 

major showed respective increases of 11.9 and 13.2 percent (Table 4). 

Although aH six muscles tested showed percentage mcreases, again it was 

the triceps brachii and biceps, brachii showing the least positive 

responses. . The flexor carpi ulnaris showed the greatest percentage 
1 

increase of any muscle under any condition while stick C was being 

used. 'Ibis fincling is attributed to the fact that in this particular 

stick the weight is concentrated at a considerable distance from the 

point of application of force and the right forearm was burdened with 
. . 

the task of moving the blade through. the puck. 

Using stick D Cweight below the bottom hand), the pectoralis 

major showed a 13.0 percent increase While the flexor carpi ulnaris 

and triceps brachii showed respective decreases of 2.2 and 7.1 percent. 

'Ibis response was similar to response shawn whlle using s~icks' B and C 

except fop; the decrease of 2.2 percent shown by the flexor carpi 

uJnaris. 'This decrease was totally uncharacteristic but rray be exp1ained 

by the fact that the moment a:rm was considerably shorter in stick D 

cOTIlJared to sticks B and C. '!he biceps brachii responded negatively, 
1 

as it did using stick B, with a ~crease of 3.0 percent. ' A~, as they 

did throughout, the rhombo.id maj or and teres I1l3.j or showed percent age 
1 

increases. '!he rhomboid major showed a considerab;Ly srnaller increase 

of 1.7 percent while the tere:;; major showed a 9.1 percent il;)crease 

(Table 4). 
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'" 
Overall, stick C (weighted blade) appeared 1:;0 be the mbst effect-

• 
ive :in terrns of overloading the six nruscles tested. Percentage IDcreaseJi 

~ 

were evident in aH six. Stick B caused increases in aU but the triceps 

braehii and tne biceps braehii. Stick D caused increases :in a II but the . ~ 

flexor cffi,pi ulr1arts, triceps brachii and the biceps brachii. 
" ~ triceps brachii on the right side of the upper e~treMtles 

and the Jeeps brachii gn the left s).de were the only two ~cles which 

showed consistent decreases and, :in the case of the weighted blade 
\ 

(stick C), relat1vely low inc;réases. It is obvious that these two 

muscles, although they are active in the perf'ormance of the snap shot, 
,tfI1 . 

are not called upon as mueh as the others in the overload situation .. 

The other four muscles (pectoralis major, flexor carpi ulnaris, rhornboid 
, " 1 

major and teres major), with the exception of the flexor carpi ulnaris 
, ' 

ànd the 2.2 percent decrease using stick D, showed f?irly consistent 

increases ctnd appear to be the most important of the six tested muscles 

in terms of dealing with the task of overload. 

Since the ,computer program identified the starting and endiTIg 

points for each muscj.e contraction it was possible to detennine the 

order of firing ,of muscles by sides and the duration of muscle. contraction. 

The complete order of firing of' the six nruscles could not be determined 

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

muscles on the right side subj ects one, two. and three showed a high. 

predominance of f'iring in the order of' l, 2, 3 ~ie. pectoralls major . 

f'ollowed by flexor ça.rpi ulnaris foU~d by triceps brachii, for all 
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sticks except the w~igbted blade which caused variance in the. rrnlscle 

contraction arder. ('!he only t1mes ~ muscle firing order of l, 2, 3 

24 

was nÇlt observed was whe~' starting points, were extrerœly close together.), 
/ 

3ubj ect mnnber four showed a predominance of 2, l, 3 in firing 

arder (flex~r carpi l1lnaris, pectoralis major, triceps brachii) with., 

no effect on this arder by stick C (the weighted blade). 'Ibis difference 
1 

in firing order may be attributed to the different styles of release 
, . '\ 

fOl.U1d between shooters or it may be attributed to a ~fference in 

shooting ability. Subject four was the most experienced player and 

was, unquestionably, the best shooter. The fact that stick C, did not 
\ 

affect his firing arder, may be no coincidence. 

Starting points of rnuscie contractions were extremely close for 

all t~,e rrruscles on the .].eft side. H~wev:r, in 37 ~f 48 shots, the 

biceps brachii was the last ta fire. This was to be expected because 

during the m:chanical analysis in pilot studies it appeared that 

adduction of the hurœ~ preceded elbow flexion. The rhomboid major 

and tere~ maJor al temateda~~t~5075(:r as firing leader. This variance 

and the variance OCCUITing in the 11 shots where the biceps brachii was 
1. ~1t: 1 

,~ot the last to fire C~ be attributed ta .... rvidual differences in 

shooting rœchanics and again, ta the clo~eness o~ starting POints of 

muscular contractions. 
, 

, For muscles on the left side, the average duration of contraction 
( '. , 

over a11 subjects using stick ,A (control stick), was .133 seconds. With 

stick B (weighted shaft) thè' average duration of contraction was .135 
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seconds and with stick D (weight below bottom hand) ft was .140 seconds. 

Stick C (weighted blade) caused the ~atest incre.ase in duration of 

contraction at an average of .179 seconds. '!he muscles on the right 

side showed relatively greater dur.ations of contraction than did those 

~on· the left side. With stick A (control stick) the Imls.cles showed an 
1 

, ( 

average duration of .191 seconds. ~e average ~uration with stick B 

(weighted shaf't) was .204 seconds and with stick D (weight below bottom 
\ 

band) .224 \seconds. 
c <1 

Again, stick C (weighted blade) showed the greatest 

increase :in duration w1 th an average of .237 seconds. The weighted 
• 

, . 
sticks alf resul ted ~ increased durations of muscle contraction. 

Interpretation of results wi th small sample shes must be done 
, • 1 J 

with caution as indi vidual differences do exist. For exarnple, in Table 4 

the pooled resul~s from four subjects indicated that the~ was( a 13 percent 
; . 

increase in PMCH response when stick D was compared to stick A. However, 
\ ,. 

in Table 3 it can be seen that subject four ,dernonstrated a 19.3 percdIt 
, 

dècrease in PMCH from A to D. Again~ it' shou1d be pointed out that 

subj ect four was the IOOst highly splled and experienced shooter. 1 ~ 6 
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CHAPIER V 

/ 

SUMMARY, OONCWSIONS, RECOMMENDATIONS 

The pll.IlJose of this study was to detennine the effectiveness of 

weighted hockey sticks fu overloading sorœ of \ the muscles involved 'in 

the ice hockey snap shot. Four rœ.le hockey players proficient at the 

ooiversity level were used as subjects. One normal stick was used as 
\ 

the control deVice and three weighted sticks acted as exper:l.menta1 

dev1ces in ~he' study. The muscles UBed for the study and 1Qcated on 

the right side of the body were the pectoralis maj or' (clavicular head) , 

triceps brachii (rœdial head) and flexor caIl)i ulnaris. Muscles located 

on the 1eft side of the body and also studied were the biceps brachii 

(long head), teres major\and rhomboid Ùl9jor. 1 

Subjects were systernatically rotated into each of the experimental 

conditions using a subjects by treatments repeat~d meas~s design. 

Subjects took three sohots with each of . four sticks' for both left and . 
right sides for a total of twenty-four shots each. Shots were numbered 

and labelled according to stick and side antl"all data was stored on 

magnetic tape. .'. 

,'The Integrated Sum calculation was used as the' measure of campa!'-

ison. 

Conclusions 

. . 
The conclusions that can..he drawn from this study are as follows: 

• 
1. A;tl three experilœntal sticks used in the study placed an over1oad 
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on three of the six ImlScles tested. These ImlSClés were: pectoralis 
1 

major located on the right upper ext:rem1ty; rhanboid major and teres 

maj or, both iocated on the '>left upper extremity. 

2. "!he flexor carpi ulnaris located on the right upper 11mb was over-

loaded with aIl sticks except the stick with the weight below the 

bottom band. 

3. '!he triceps brac{lii located on the right ,upper 11mb and the bicep,s 

brachii located on the left upper\limb failed to respond to the 
, --, 

overload pro~ced by the stick With the weighted shaft and the 

stick with the weight below the bottom lWJ.d. 

4. '!he stick with the weighted blade caused an overload in aIl six 

muscles tested. 

Recarrœndations 

1. Further studies could inclq.de sticks B and D but with substantial 

increases in the magnitudes of the weights applied. 
\ ' 

2. Stick C spould be consiâered for further study using a weight of 

considerably less magnitude. 

3. A ~imilar study using a single stick (B, C or .D) with weights of 

va:r:ldus magnitudes may prove to be useful for purposes Gf short 

duration overload. 

4. For statistical analysis, a similar study using more subj ects and 

fewer muscies could be considered. 

5. A comparative study of professional and anateur hockey player.s should 

be considered. . \ 
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6. A study closely paralleling this study 'should be done prior to and 

, follow.ing a normal six month season during which subjects have 

used expe:riJœntal sticks regularly. 

28 

7. A study on pu.ck velocity increase after longer training'tperiods. with 

weighted sticks would be cheaper and extrerœly helpful. 

It is this ~ter's opin1on~hat weighted sticks can be useful 

~. 

in developing the skill of shooting and future EMJ stuœnts are encouraged 

to follow up on studies of this "nature. The surfâce has barely been 

scratched in scientific hockey research in this country and even se~y 

insignificarit contributions will be welcomed. 
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CXJMPU'IE.R DESClITPrION AND OPERATION 
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COMPU'IER 

'Ihe HoneYWe~ ES 4020 computer in the DATAC laboratory at the 

MicD::>nald Engineer' g Building (Mechanical Engineering Departrœnt) is 
( 1 

a 24 .bit, medium scale, real tiIœ, nrultiprogranmed, t:lJœsharing data-

34 

acquisition and process control computer, In addition to the standard " 

1 computing facilities non'nally found in business or scientific computers, 

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 lM and one 2 or 4 charmel 

rœdium accuracy, high speed successive approximation type, Furthermore, 

analogue outputs, digital inputs (contact sensing), digital outputs 

(controlled switches) and interrupts are available, 

For the EMG work the high speed ADe was usedl even though only 
/' , 

four channels were available, le. only four muscles can be analyzed 

simultaneously. This high speed ADe contains two converters such that 
.J 

two rreasurerrents are made simultaneously in tirœ. Using a "windshield 

wiper" type multiplexor in f~nt of each converter operating at the 

SaIœ rate a;;; the ADC's, four charmels can be rœasured whereby each pair 
. 

of two signaIs is offset in tirœ one half the sampling interval. , A 

sanpling rate of 4000 per second was chosen resulting in an effecti1Ze 
1 

sanpling rate of 2000 per sec,ond on each channel, with a .25 milliseconQ. D 

offset between successive pairs. 

'Ihe high sampling rate Is required as frequencies as high as 

500 HZ can show up in nwoe lectric signaIs. 1 Even w1 th this 4 to l, ratio, 
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, 
low pass filtering was erq::Jloyed (in this case witl1 a l lŒz breakpoint) 

1 

to ensure that al1asing did not occur. 

<P'" Each converter is equipped wi th a Sarr:ple and Hold (S/H) amplifier 
- , 

as the actual conversion tirœ (the t:i1œ required to generate the digital 

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

too slow (20 microseconds) to properly digitize high frequency signals. 
1 l ' 

'!he S/H have an apert)..lre time of 100 nanoseconds providing a fractional 

error of less than .002 at 5 KHz. 

C0NDITIONS 

! 

Amplifier gain =: 200, ±25 m V ~ to al~ow for DG offset. 

Sémpling rate = 4000/sec. (2000/sec. effective rate for each channel) 

Four channel operation (Continuous/On Line) 

• 

'lESTING 

rata are collected via program 10, a special program that stores 
1 

\ data t'rom ADe' s for a predetennined length of' t1me on disc. To start 

program 10 one must 1nitiali~ f'ron the -ASR. Data gathering starts 
1, , 

af'ter pressing of the "interrupt" button (used for non-scheduled events, 

in this case to start the ADC's). Af'ter pressing the "interrupt" button" 

the subj ect must wait at least 25 milliseconds to establish baseline 
'1' 

offset as the system is completely De coupled. (DG coupl1ng allows ail 

signaIs fran De to maxinn.nn frequency and prob1ems ;wi th offset are 

calculated out. AC coupl:1jng allows only signals between a lower and 
\ 

, llPPer lilnit of frequency no offset problem but there is a loss of 
, 

\ 

possible :important low frequency da:t;a). 
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rata are stored on 9 track 800 bpi IBM compatible magnetic tape 
) 

using a standard utili ty program (D1MI'). 

PWITJNG , 
..... 

Plotting ls done by a Calcomp 565 dig1tal.plotter witn an 11" 
, -

wide drum, .01" step size both in/X and Y and a ~ 300 steps/see. 

t:ataare either on dise or transferred fram tape to dise using MI'I'D. 

Using program PHYSD3, aH four charmels were \plotted (first three '" 

seconds) • Each trace had an artif1cial zero baseline determined by 

'the DC offset measured in the first 25 millisec,onds on a vertical scale 

indicating millivolts/inch. The X seale was 1111 = .05 secs. 'A t:1Jœ 

scale, the data, the test mnnber and conditions were also plotted. On 

~d k switches on the console, this pro~ also printed (1) all 

data po:1nts collected and (2) peaks or reversaI points. \., 
~ / 
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APPENDIX B 

FIDGRAM 

FOR 

DETERMINATICN 

OF 

STAR!' AND S'IDP OF MUSCLE OJNTRACTION '. 
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STARI'-STOP OF CONTRACI'ION 

\ 

A "moving window" technique was used to detenn:ine the onset and 

terrnination of the SMC (skeletal muscle contraction). The parameter 

used was the RMS value of the the data. RMS was chosen as th~parameter 
because i t gi ves an inst~taneous meaf:1ure of the data. 

An initial 100 datapoint window (=50 rnilliseconds) starting at 

38 

to (tirœ 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 'HMS 
-, • 

was again calculated. This process continued until two consecutive 

windows showed RMS values in excess of a predeterrnined value. The 

start:ipg point and the RMS values of the first of the se two windows 

were saved. The latter: served as the criteria for the end determination. 
\ 

'Ihe window was moved further until 'two consecutive windows wi th an RM3 

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

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

also saved. 

The whole qycle was repeated with window 'Sizes of 85, 70 and 55 

data-points. To detenrdne the true onset of SMC the data in a 100 point 

window before the earliest' detected IIstart-point" was examined for a 

peak exceeding ±l mV > from the artificial baseline. This point was taken 

as the onset. If no such point could be found, the first peak, re~ard­

less of II19.gnitude, lIafter" this "start-point ll was seleqted. Using this 

four window type approach, the probability of finding the correct onset 

is stat1,stically very high. 
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The terrn:trlau.on of SMC\ was determinèd differently. It ~ found 

that after the SJVK".: of interest, the baseline was noisier than before 
~ 

the onset. This may be explained '!?y the fact that aH test EMG' data 
;: '" l '" 

were collected during the investigation of high velocity gross human 

IOOverœnt pattemB. Re~ on the sane criteria ~ at the :nset will 

therefore usually result in a realist1c end point. 

Sin ce in these tests the actual SIVK:: 1 S are always less than .5 secs 

in durat10n, any stopping point deterrrdned by the four windows that was 
. 

larger than the onset (+1024 data points) was ignored. '!he 'dq.ta starting 
, { 

at the late~t of the remaining stopping points was lXamined going back-

wards (t-to) and ,the first peak detected was taken as the termination of 

SMC. '!he points selected by this algorithm coincided to a large degree 

with points selected by subjective assessment of the .myogram. 
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APPENDIX C 

MYOGRAMS AND PRmroU'IS 
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TEST #42~ NOR RIGHT 

OFF~.ETS( MV ). 

\\ ' 

CHANNEL 1 

START= 26:33 
. START= 1. ~::2 

AVERAGE SUI"!= 
RECTIFIED -:.UM= 
1 NTEGRATEIJ f.UM= 

AVERAGE= O. 29 

-1.87 

END= 297't 
END= 1. 49 

RECTIFJED= O. 67. 
RMS= 98. 75 
INTEGRAL= 6. 11 

CHANNEL 2 
, 
'START= 2367 
START= l 18 

AVERAGE SUt1= 
REeT 1 F 1 Err SUM= 
INTEGRATED f.UM= 

AVERAGE= O. 16 

136. 8:3 
490. 9"2 

491. "23 

RECTIFIED= O. 57 
RMS= 52. T:: 
INTEGRAL= 0 25 

CMANNEL 3 
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